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DAGUERREOTYPE. A photographic process discovered by M. Daguerre, a 
celebrated French dioraxnic painter, and published in July, 1839; the French 
Government having secured a pension for life of 6000 francs on M. Daguerre, and of 
4000 francs on M. Isidore Niepce, the son of M. Nicephore Niepce, who hod for 
some time been associated with Daguerre in carrying forward the experiments which 
led to M. Daguerre's discovery. 

It is rendered clear from some of Niepce’s letters, that he had abandoned all hope 
of succeeding with iodine, upon which the sensibility of the Daguerreotype plate 
entirely depends. In a letter to Daguerre, Niepce says, “ I repeat it, sir, I do not see 
that we can hope to derive any advantage from this process— the use of iodine — more 
than from any other method which depends on the use of metallic oxides ; ” and in 
another he writes, “ A decoction of thlaspi (shepherd's purse), fumes of phosphorus, 
and particularly of sulphur, as acting on silver in the same way as iodine , and caloric, 
produce the same effect by oxidising the metal, for from this cause proceeded in 
all these instances their extreme sensibility to light ” Niepce died in July, 1833. 
Daguerre proceeded with his experiments for nearly six years, before he succeeded 
in producing the desired results. The Daguerreotype process depends on the pro- 
duction of a very delicate chemical compound of iodine and silver, on ’the surface of 
a carefully prepared silver-plate. This compound is chemically changed by the ra- 
• diations proceeding from any external object illuminated by the sun. The image is 
developed by the action of mercurial vapour, and lastly rendered permanent, as far 
as the action of light is concerned, by dissolving off the iodide of silver, by hyposul- 
phite of soda. According to the first published description by Daguerre, the process 
issdivided into five operations. The first consists in polishing and cleaning the silver 
surface, by friction, with cotton fleece imbued ^i$ olive oil, upon the plate previously 
dusted over with very fincly-groind dry pumicestono out of a muslin bag, T. e hand 
of the operator should oe moved round in circles of various dimensions. The plates 
should be laid upon a sheet of paper solidly supported, •The pumice must be ground 
to an impalpable powder upon a porphyry slab with waier, and then dried. The surface 
ianext to be nibbed with a dossil of cotton, slightly moistened with nitric acid, dilated 
i vnth sixteen parts of water, by applying the tuft to the mouth of the phial of acid, 
and inserting it fbr a moment. Two or three such dossils should be used in suc- 
cession. % The plate is lasfr tobe sprinkled with pumice powder or Venetian tripoli, 
and rubnid clean with cotton. *• 

The pli^p is then placed in a wire frame, with the silver surface uppermost, over a 
spirit lamp, meanwhile moving it so as to act equally on every ^part of the plate. In 
about five minutes a whitish coating will indicate that this operation is completed. 
The fllate muffc now be laid jipon a flat metal or marble slab to cool it quickly. The 
white surface iq to be brightened by rubbing it with cotton and pumice powder. It 
must be once more rubbed with the cotton imbued with acid, and afterwards dried by 
friction with cotton and pumice ; avoiding to touch the plate with the fingers, or with the 
part of the cotton held in them, or to breathe upon the plat" ” lf , # 
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be produced. After cleaning with cotton alone, the plate is ready for the next 
operation. 

The second stage is that of iodising the plate ; a box is prepared, having iodine 
brewed over its bottom, and the silver plate, face downwards, is placed a few inches 
above the iodine, and the- lid of the box being dosed, ail is left at rest for a short 
time. The plate most be left in this position till the snrfece of the silver acquires a 
fine golden hue, caused by the vapours of the iodine rising and condensing upon it ; 
but it should not be allowed to assume a violet tint The room should be darkened, 
and no heat should be employed. When the box is in constant use it gets impreg- 
nated with iodine, and acts more uniformly and rapidly ; but in general states of the 
atmospheric temperature this operation will be effected in about twenty minutes. If 
the purple colour be produced, the plate must be repolished, and the whole process 
related. 

The plate with its golden hue is to be introduced with its frame to the camera 
obscura. Daring this transfer the light must not be suffered to strike upon the 
surface of the plate $ on which account, the camera obscura may be lighted briefly 
with a small wax taper. 

The plate is now submitted to the third operation, that of the camera obscura, and 
with the least possible delay. The action of this macliine is obviously quicker the 
brighter the light which acts upon it ; and more correct, according as the focus is 
previously accurately adjusted to the place of the plate, by moving backwards and 
forwards a roughened pane of glass, till the focal point be found ; and the plate is to 
be inserted precisely tbei j. This apparatus exactly replaces the ground glass. While 
the prepared plate is being fastened, the camera must be closed. The plate is now in 
a proper position to receive and retain the impression of the image of the objects 
presented the moment that the camera is opened. Experience alone can teach the 
proper length of time for submitting the plate to the concentrated rays of light ; be- 
cause that time varies with the climate, the seasons, and the time of day. More time 
should not be allowed to pass than what is necessary for fixing a distinct im pr essi on, 
because the parts meant to be clear would be apt to become clouded. The impression 
of the image of nature is now actually made upon the plate ; but it is as yet invisible; 
and it is only after a lapse of several minutes, during which it is exposed to mercurial 
vapour, that faint tracings of the objects begin to be seen. 

The fourth is the operation with quicksilver, which must follow as soon as possible 
the completion of the third. Here a phial of quicksilver, a spirit lamp, and a g lass 
funnel with a long neck, are required. The fennel is used for pouring the mercury 
into u cup, placed' in the bottom of an apparatus which will allow of the application 
of heat No daylight must be admitted to the mercury box, a small taper only being 
used to examine, from time to time, the effects. The plate with the dormant image 
is placed some distance above the mercury, which vaporising, evokeB in a truly 
magical manner, the delicate lines which the solar pencil hus traced. 

After each operation, the interior of the apparatus, und the black board or frame 
should be carefully wiped, in order to remove every particle of mereary. The 
picture may now be inspected in a feeble light, to see how far the process has suc- 
ceeded. The plate, freed from the metallic bands, is to be placed in a box, provided 
with a cover und grooves, to exclude the light, till it is made to undergo the lust 

operation. For the fifth and last operation the following articles are now required : 

strong brine, or a weak solution of hy]x>sulpliitc of soda ; two troughs of tin plate, and 
a jug of distilled water. The object of this process is to fix the photographic picture 
Ope of the troughs is to be filled Wftli brine to the dcfvtli of au inch, and the other 
with pure water, both liquids being heated somewhat underChe boiling point. The 
elution of Jiyjmsulphite^f^ida is preferable, and does not need to be warm. The 



out by the edges, and dipped straightway iu the water-frough. The piateT when ■ 
kfcd out of the water-trough, is to be placed immediately on un inclined plane: and 
without allowing it time to dry, u to be floated over 4^th tie hot distilled w Aer from 
the top, .0 as to carry off all the saline matter. As the quicksilver which traces thu 
images will not bear touching, the silvered plate should be secured by acov/ of glass, 
■* **“* ed 6* pasting paper round them. 3 

The Daguenwtype process as thus published, although even then an cxccedinnlv 
Tv “°i *“®“ cnt 'y active to enable the opeittor SHbffiX 
portraits from the life. A period of twenty minutes wus required .even with the 

produce the desired effect Numerous modifications went 
fpejscuiy introduced, and many of them were patented. 

The progressive advance of this branch of the photographic art, though of great 



DAGUERREOTYPE. 

• 

interest, cannot be dwelt on in this place. Those who are interested in the inquiry, 
will find the information fully detailed in Hunt’s Manual qf Photography, 5th Edition, 
1857. It will be sufficient in this work to detail the more important improvements 4 
whioh have become generally adopted. The first advance of real importance wfs 
made by Hr. Towson, of Devonport, who has since that time distinguished himself 
by the introduction of his system of Great Circle Sailing. Mr. Towson suggested the 
use of enlarged lenses, and by acting with such, Dr. Draper, of New York, was the 
first to procure a portrait from the life. Still this was a tedious process, but in 1840, 
Mr. Goddard proposed the use of bromide of iodine, by which infinitely increased 
sensibility was obtained. From that time the Daguerreotype was generally employed 
for portraiture, until the facilities of the collodion process drove it from the field. 

The improved manipulation now resolves itself into 

Carefolly polishing the silver plate after some of the methods previously described^ 
and the application finally of the highest polish by the use of 9 buffer, the best form 
being that employed by M. Claudet 

In a box on a roller, to which there is a handle,^. 638, is placed a long piece of 
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drab-coloured velvet, which can be drawn out and extended by means of a second 
roller upon a perfectly flat table. The first foot or two, for example, is drawn out ; 
the plate which has already received its preliminary polishing is placed face down- 
wards, and being pressed dose with the fingers, a rapid circular motion is given to it, 
and in a few minutes it receives its highest lustre. As the velvet becomes blackened 
by use, it is rolled offj the portion remaining in the box being always perfectly clean 
and ready for use. 

The iodising process follows : and for this purpose a box similur to that represented 
will be found to be very convenient, (Jiy. 689). 

This iodising apparatus consists of a square box 
with a closely fitting cover o, false sides are 
placed at an angle with this box, a cup i> at the 
bottom contains the iodine, which is covered 
with a thin guuxe screen J J. c is a cover 
, which confines the iodine when it is not required 
# for the plate ; this dividing the box into two 
parts, & u, and k k. the former being always full 
of iodine vapour. When it is desired to iodise 
i^plute, the cover c is removed, the silver plate 
is placed at x, and the coveui closed. p 

The plate is thus placed in die iodine bA 
until it acquires a fine Araw yellow colour. In 
another box is placed either bromiuc or some 
one of»the many accelerating fluids. If bro- 
mine, or any bromide is employed, the plate 
t Aould remain until it becomes of a rose colour. 

As a general rule, if the yellow colour produced 
by iodiim be pale, the red should be pale also ; if deep, the red must incline to violet. 
The proper time for expeffng a pfcte to any of those chcwicul substances which are 
destined to produce the sensitive film, must vary with the temperature, and it can 
only be determined by experience. The sensitive plate is # now removed to the 
camera obscura, for a description of which see Photography. It is scarcely neces- 
sary to say, fiat the plate must be preserved in perfect darkness until exposed to 
the image in the camera. A few seconds when the plate is properly prepared will 
be found amply sufficient to produce the best effect 

The impression must be developed in the mercury box (fig . 640) in the manner 
described by Daguerre. This mercurial box consists of a box mounted on leg4 
having a dose cover a, and an iron bottom in which is placedb the mercury c. 
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and a small thermometer v to indicate the i 


640 


o Is a piece of glass 
let into the side of the box through which the 
Dagu er re otyp e plate a fixed in the frame b can 
be seen, d is a spirit-lamp, and z the platform 
on which it stands. The subject is eventually 
fixed by the use of hyposulphite of soda, which 
removes the bromo-iodidc of silver and leaves 
a picture produced by the contrast between 
a combination of the silver and merenry, and 
the surfhee of the unchanged polished silver. 

The application of chloride of gold to the 
finished picture was Introduced by M. Fixcau. 

Chloride of gold applied to the picture has 
the effect of fixing and enlivening the tints. A 
small grate being fixed by a clamp to the edge 
of a table, the plate is laid upon it with the image 
uppermost, and overspread evenly with solution 
of chloride of gold, by means of a fine broad 
camel hair brush, without letting any drop over 
the edge. A spirit lamp is now brought under 
the plate, and moved to and fro till a number 
of small steam bubbles appear upon the image. 
The spirit lamp must be immediately withdrawn. 
The remainder of the chloride solution must be 
poured back into the phial , to be used on another 
occasion. It is lastly to be washed and exa- 
mined. This operation has been repeated three 
or four times with the happiest effect of giving 
. , fixity and force to the picture. It may then 

be wiped with cotton without ipjury. The process of colouring these pictures is a 
purely artificial one, which, while it destroys the beauty of the photograph, does not 
in any way improve it as a picture. 

Daguerreotype Engraving ,— Several processes for etching the Daguerreotype plate 
were introduced with more or less success. Professor Grove produced a few good 
engravings by the action of voltaic electricity. Berard and Bccquerel were also 
enabled to produce some promising results by a similar process. The following 
process by M. Claudet was carried out to some extent with every prospect of success. 
. ^ mixed acid, consisting ot water, nitric acid, nitrate of potash, and common salt 
in certain proportions, being poured upon a Daguerreotype picture, attacks the pure 
silver, forming a chloride of that metal, but does not affect the white parts, which are 
produced by the mercury of the picture. This action does not last long. Water of 
ammonia, containing a little chloride of silver in solution, dissolves the rest of t h s t 
chloride, which is then washed away, leaving the naked metal to be again attacked. 

wSraradfj ° f ieat “W-w-W pwceas hag bean entirely 

“? collod,on procesa. See Collodion, Photography. 
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Clouet and Hachette pointed oat the three following processes ibr producing Da- 
wimwm blades : 1, that of parallel fillets # 2, that by torsion ; 3, the mosaic. Tpc 
first, which is still panned by some French cutlers, consists in scooping oat witn a 
graving tool the feces of a piece of staff composed of thin plates of different kinds ofi 
steel. These hollows are by a subsequent operation filled up, and brought to a level 
with the external feces, upon which they subsequently form tress-like figures. 2. The 
method of torsion, which is more generally employed at present, consists in forming 
a bundle of rods or slips of steel, which are welded together into a well-wrought bar, 
twisted several times round its axis. It is repeatedly forged, and twisted alternately ; 
after which it is slit in the line of its axis, and the two halves are welded with their 
outsides in contact ; by which means their faces will exhibit very various configura- 
tions. 8. The mosaic method consists in preparing a bar, as by the torsion plan, and 
cutting this bar into short pieces of nearly equal length, with which a faggot is formed 
and welded together ; taking care to preserve the sections of each piece at the surface 
of the blade, in this way, all the variety of the design is displayed, corresponding to 
each fragment of the cut bar. 

The blades of Clouet, independently of their excellent quality, their flexibility, and 
extreme elasticity, have this advantage over the oriental blades, that they exhibit in 
the very substance of the metal, designs, letters, inscriptions, and, generally speaking, 
all kinds of figures which had been delineated beforehand. 

Notwithstanding these successful results of Clouet, it was pretty clear that the 
watered designs of the true Damascus scymitar were essentially different M. Brcant 
has attempted a solution of this problem. He supposes that the substance of tho 
oriental blades is a cast steel more highly charged with carbon than our European 
steel, and in which, by means of a cooling suitably conducted, a crystallisation takes 
place of two distinct combinations of carbon and iron. This separation is, he thinks, 
the essential condition ; for if the melted steel be suddenly cooled in a small crucible 
or ingot, there is no damascene appearance. 

If an excess of carbon be mixed with iron, the whole of the metal will be converted 
into steel ; and the residuary carbon will combine in a new proportion with a portion 
o: the steel so formed. There will be two distinct compounds ; namely, pure steel, 
and carhuretted steel or cast-iron. These at first being imperfectly mixed, will tend 
to separate if while still fluid they be left iu a stale of repose ; and form a crystalli- 
sation in which the particles of the two compounds will place themselves in the cru- 
cible in an order determined by their affinity and density conjoined. If a blade 
forged out of steel so prepared be immersed in acidulous water, it will display a very 
distinct Damascus appearance ; the portions of pure steel becoming black, and those of 
carburctted steel remaining white, because the acids with difficulty disengage its carbon. 
The slower such a compound is cooled, the larger the Damascus veins will be. Ta- 
vernier relates that the steel crucible ingots, like those of wootz, for making the true 
oriental Damascus, come from Golconda, that they are the size of a halfpenny roll, and 
when cut in two, form two Bwords. 

Steel combined with manganese displays the Damascus appearance very strongly. 

A mixture of 100 parts of soft iron, and 2 of lamp black, melts as readily as ordinary 
*steeL Several of the best blades which M. Brcant presented to the Sodete d’Enconr- 
hgement are the product of thiB combination. This is an easy way of making cast- 
steel without previous cementation of the iron. 100 parts of filings of very grey cast- 
irdh, and 100 parts of like filings previously oxidised, produced, by their fusion to- 
pAher, a beautiful damascene steel, fit for forging into white arms, sabres, swords, & c. 
This compound, is rcmarkablfi for its elasticity, off essential quality, not possessed by 
the old Indian stceL tiThe gnfiher the proportion of the oxidised cast-iron the 
tougher is the steel. Care should be taken to stir the materials during their fusion, 
before if is allowed to ccol ; otherwise they will not afford a homogeneous damasc. 
If the steel contains much carbon it is difficult to forge, and cannot be drawn out ex- 
cept within a narrow range of temperature. When heated to a red-white it crumbles 
under the hammer; at a cherry-red it becomes hard and brittle; and as it progres- 
sively Alois it becomes still more unxnolleablc. It resembles completely Indian steel, 
which Efropean blacksmifes effhnot forge, because they are ignorant of the suitable 
temperature for working it M. Brcant, by studying this point succeeded in forging 
fine blades* 

Experience has proved that the orbicular veins, called by fixe workmen knots or 
thonufJronces Wwhioh are seen upon the finest Eastern scvmitars, are the result of the 
manner of forging them, as srell as the method of twisting the Damascus fours. If 
these be drawn in length, the veins will be longitudinal ; if they be spread equally in 
all directions, the stuff will have a crystalline aspect ; if they be made wavy m um 
two directions, undulated veins will be produced like those m the omental Da% 
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The characteristic* ascribed to the real Damascus blades are extAordinaiy keenness 
of edge, great flexibility of substance, a singular grain of fleckiness always observable 
on «tbe surface, and a peculiar musky odour given out by any friction of the blade, 

9 either by bending or otherwise. The author of 44 Manufactures in Metals remarks : 

f 44 A gentleman who purchased one of these blades in the East Indies for a thousand 
piastres, remarked to the writer of this volume that, although the instrument was 
very flexible, and bore a very keen edge, it could not with safety be bent to more 
than 45° from the straight shape, and it was not nearly so sharp as a raxor, yet, 
wielded by a skilful hand it would cut through a thick roll of sail-cloth without any 
apparent difficulty ; a feat which could not be performed with an ordinary sword, nor, 
it should be observed, by the sabre itself in an ordinary hand, though the swordsman 
who tried it could, it appears, do nearly the same thing with a good European 
blade.” 

v Emerson, in his letters from the -flSgean, says : “ T have seen some blades (scy- 
mitars) which wore valued at 200 or 300 dollars ; many are said to be worth triple that 
sum, and all retain the name of Damascus, though it is by no means likely that they 
have been manufactured there. The twisting and interwisting of the fibres of the 
metal are considered as the tests of excellence, bnt I have never seen any possessed 
of the perfume said to be incorporated with the steel in the real Damascus blade.” . 

The production and use of damask steel -has received much attention from the 
late General Anossoff, of the Corps of Engineers of the Imperial Russian army, and 
Master of the Fabric of Arms at -Zlatoust, in Siberia. His researches and successful 
practice have become matters of history. 

Steel helmets and cuiflsses were formed of cast and damascened steel, intermixed 
with pure iron, a mixture supposed to combine toughness and hardness in greatest 
possible degree. * 

At different periods these works have been visited, separately, by two English 
travellers. Major Abbott of the Bengal Artillery, and Mr. Atkinson, who huve 
recorded the results of observation, experiment, and conversational intercourse, and 
they state severally their conviction that the damask steel produced by Anossoff 
rivalled in beauty and excellence any works they had ever seen in other lands. They 
accord to Anossoff the honour of being the reviver of the art of making damask steel 
in Europe, while they declare the Russian natural dauiask steel is not approached by 
the fabrics of any Eastern nation now existing. 

a The Siberian swords and daggers were compared and tried with the choicest spe- 
cimens,^ and found equal to the blades of Damascus, and the sabres of Rhorassani 
and while these valued articles might have been selected from numbers manufactured 
by chances of skill and material, Anossoff united chemical analyses of ores and steel, 
end records of observations on progressive stages, to give a true history of the means 
to explain and insure success. 

Colonel Anossoff has published, in Russia, a treatise on the art of damasking 
steel. The following remarks arc extracted and condensed from it 

44 In Russia, we understand, by damask, a metal harder, and supplying a material 
for arms of a keener edge, than ordinary steel. All the researches of chemists have, 
until now, failed in discovering any essential difference between the damask and , 
ordinary steel, which, nevertheless, proves only that the analysis has been imperfect,, 
and that it is only want of means that prevents success. Although the chemists of 
the present day presume that the natural damask is the effect of crystallisation, pro- 
duced by retarded cooling of the heated metal, yet, not having been able to produpe 
a damask by this means equal to Jhe ancient work of Asia, they cannot establish 
this ground. If crystallisation generally is but thayesult of the structure of bodies 
under certain physical conditions, the question results, whyfln the damask, is it not 
the result of a similar cause ; *and since common steel acquires no visible damask by 
gradual refrigeration, is not this a convincing proof that the composition of 8am ask 
differs from that of ordinaiy steel ? Thus, on the one hand, the imperfection of our 
chemical knowledge, and on the other, the difficulty of fkbricating the damask, leaVt 
Europeans still in uncertainty as to its merits. € 

“ All steel which exhibits a surface figured with dyrk lines is called damask. In 
some of the various kinds of steel these figures appear Iner burnishing, Whilst in 
others dilute acid is necessary to bring them out. 

“The mere appeanjpee of this damascene does not confer upon the steffi the title 
of da m as k . On ordinary steel, similar figures may be brought 
corrosion,' after having designed on it the figures required. 

A second kind of damask, called artificial damask, is peculiar to the metal itself 
io 1 ~J“ owever °ft en it u repolished, the same figures will reappear whenever it is 
stifled to corrosion. It is composed of seven] sorts of steel, interlaced with iron. 
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The beauty of sucB damask consists partly in the quantity of the several materials, 
and partly in the skill with which they are worked together. These artificial 
damasks are chiefly wrought in Asia, vis. in India, Turkey, and Georgia, whilst 
those of Europe have as yet obtained no great reputation, because the European 
workmen are more intent on producing elegant figures on the steel, than on improviri& 
the steel itself. • 

The Orientals judge of the goodness of the damask in the following manner: The 
first and most essential sign of the beauty of the damask or water is its being thick, 
defined, and fantastic. They further give us three rules whereby the quality of the 
damask may be judged. 

1. By the form of the damask, which may be cither in points, right lines, or 
enrved, the right lines being the lowest quality, and advancing by stages into curves 
and points, forming, in the beBt damask, figures resembling grapes or network. 

2. By the line of its ground : the deeper the tint the more perfect the metal. 

3. By the play of colour on the metal in an oblique light ^ome show no varia- 
tion of tint, whilst others take in a crimson or golden hue. The more perceptible 
the play of colour the finer the quality of the damask. 

The qualifications claimed for the most perfect damask are the extreme mallea- 
bility and ductility, the hardest possible substance after tempering, the keenest and 
firmest edge, and elasticity when properly tempered. Major Abbot gives the fol- 
lowing description of the damask os produced at Zlatoust, lie defines it to be a 
modification of cast steel, by which it is impressed with a peculiar character in its 
crystallisation, which character betrays itself when the coercion of acids, by acting 
more violently between the interstices of the structure than elsewhere, traces out the 
arrangement of the crystals. This property is communicated to the damask of 
Zlatoust by a process tending to perfect the quality of the steel, and to impress upon 
1 lie cost steel the elastic properties of a softer material. The general fault of 
European blades is, that being forged of shear steel for the sake of elasticity, they 
ure scarcely susceptible of the keen edge which cast steel will assume. The genius 
of Anossoff has triumphed over this objection, not by hardening the soft steel, but 
by giving elasticity to the hard ; the result has been the production of weapons 
combining, in the very highest degree, elasticity with keenness of edge. See Sword 
Manufacture. 

DAMASCUS GUN-BAItltELS. Sec Gin-barrel. 

DAMASK is a variegated textile fabric, richly ornamented with figures of flowers, 
fruits, landscapes, animals, &c., woven in the loom, and is by far the most rich, 
elegant, and expensive species of ornamental weaving, tapestry alone excepted. The 
name is said to be derived from Damascus, where it was anciently made. 

Damask belongs to that species of texture which is distinguished by practical men 
by the name of twceling, of which it is the richest pattern. The twcel of damask is 
usually half that of full satin, and consequently consists of eight leaves moved either 
in regular succession or by regular intervals, eight leaves being the smallest number 
which will admit of alternate tweeling at equal intervals. 

The generic difference of tweeling, when compare 1 with common cloth, consistsin 
k the intersections, although uniform and equidistant, being at determinate intervals, and 
not bftween the alternate threads. Hence wc have specimens of twceled cloth, where 
the intersections take place at the third, fourth, fifth, sixth, seventh, eighth, or six- 
J^enth interval only. The threads thus deflecting only from a straight line at inter- 
vals, preserve more of their original direction, and a much greater quantity of ma- 
terials can be combined in%n equal space, them in the alternate intersection, where 
the tortuous deflectionjfet cvery%tervnl, keeps them more asunder. On this principle 
twceled cloths of three and four leaves are woven for facility of combination alone. 
The oaarser species of ornamented cloths, known by thf nameb of domock and diaper, 
usually intersect at the filth, or half satin interval. The sixth and seventh are rarely 
%sed, and tlie intersection at the eighth is distinguished by the name of satin in 
comqyra, and of damask in ornamental tweeling. It will further he very obvious, 
that where the warp and vorf cross only at every eighth interval, the two sides of the 
cloth vftll present a div AitjMrf appearance ; for on one side the longitudinal or warp 
threads will run parallel from one end of a web to the other, nnd. on the other, the 
threads df woof will run also parallel, but in a transverse direction across the cloth, 
or at right angles to the former. The points of intersection bring only at every 
eighth interval, appear only like points ; and in regular tweeling these form the ap- 
pearance of diagonal line# inclined at an angle of 4S° (or nearly so) to s*ach of the 
former. . 

The appearance, therefore, of apiece of common tweelod cloth is very similar to that 
of two thin hoards glued together, with the groin of the upper piece at right angles 
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to that of the under one. That of an ornamental piece of damask may, in the tamo 
manner, be "very properly assimilated to a piece of veneering, where all the wood is of 
thefSame substance and colour, and where the figures assume a diversity of appearance 
1 from the ground, merely by the grain of the one being disposed perpendicularly to that 
dO the other. 

From this statement of the principle, it results that the most unlimited variety of 
figures will be produced, by constructing a loom by which every individual thread of 
warp may be placed either above or below the woof at every intersection ; and to effect 
thif t in boundless variety, is the object of the Jacquard mounting. See Loon, Jac- 


quard. 

The Chief seat of this manufacture is the town and neighbourhood of Dunferm- 
line, in Fifeshire, — and Lisburn and Ardoyne, near Belfast, where it is considered 
as the stapie, having proved a very profitable branch of traffic to the manufacturer, 
and given employment to many industrious people. 

* The material used there is chiefly linen ; but many have been recently woven of 
cotton, since the introduction of that article into the manufacture of cloth has become 
so prevalent The cotton dimasks are considerably cheaper than those of linen, hut 
nre not considered either so elegant or durable. The cotton, also, unless frequently 
bleached, does not preserve the purity of the white colour nearly so well as the linen. 

DAMASKEENING i the art of ornamenting iron, steel, &c., by making incisions 
upon its surface, and filling them up with gold or silver wire; it is chiefly used in en- 
chasing sword blades, guards, and grips, locks of pistolB, &c. 

Its name shows the place of its origin, or, at hast, the place where it has been prac- 
tised in the greatest perfection, viz. the city of Damascus, in Syria ; though M. Feli- 
bien attributes the perfection of the art to his countayman, Cuninet, who wrought 
under the reign of Henry IV. 

Damaskeening is partly mosaic work, partly engraving, and partly carving. As 
mosaic work, it consists of pieces inlaid ; os engraving, the metal is indented, or cut 
in intaglio ; and as carving, gold and silver are wrought into it in relievo . 

There are two ways of damaskeening ; in the first, which is the most beautiful, the 
artists cut into the metal with a graver, and other tools proper for engraving upon 
steel, and afterwards fill up the incisions, or notches, with a pretty thick. silver or 
gold wire. In the other, which is only superficial, they content themselves to make 
hatches, or strokes across the iron, &c., with a cutting knife, such as is used in making 
small files. As to the first, it is necessary for the gravings or incisions to be made in 
dove-tail form, that the gold or silver wire, which is thrust forcibly into them, nrny 
adhere the moie strongly. As to the second, which is the more usual, the method is 
tbis : having heated the steel till it changes to a violet, or blue colour, they hatch it 
over and across with a knife, then draw the ensign or ornament intended upon this 
hatching with a fine brass point or bodkin. This dene, they take fine gold wire, and 
conducting or -chasing it according to the figures already designed, they sink it care- 
fully into the hatches of the metal with a copper tool. 

An inferior description of damaskeen work has been introduced since the discovery 
of the electrotype processes. The pattern has been etched on the steel, and then 
gold or silver deposited into the etched lines. 

DAM ASSIN. A kind of damask, with gold and silver flowers woven in fht warp 
and woof, or occasionally with silk organzine. 

DAMP, in mining are dangerous exhalations, or rather gases, — so called from tin 
German dampf, vapour— escaping from the mineral formations, or accumulating if 
the workings. ^ kr 

Fire-Damp, which occurs in coal mines, is carbureted hydrmen gas, 

Choke-Damp , After-Damp, and Black-Damp , may be regarded, as Carbonic acid. 
See Mutes, ventilation of, a 

DAPHNINE. The hitter principle of the Daphne alpina, u 

DAPICHO. A spongy kind of caoutchouc, which exudes from the roots of 
Siphonia Elastica, It is used in South America for making stoppers. See Caout- 
chouc. • 

DASH WHEELS. These are revolving wheels hwrins dash-boards, which are 
much used in the washing processes necessary in c£ico printing. See Bleachdcg 
DATES (Tamr, a date, Arabic). The fruit of the Date Palm, The date tree, 
Phoenix Daetglifera , giws to the height of sixty feet. The dates are pulled before 
they are ripe, and are then dried in the suo. These form one of the chief parts of 
the usual fpod of the Arabs, while the seeds softened and ground ddbn fond 1 the 
nourishment for their camels. The leaves are employed for making mats. The 
threads of the web-like integument at the basis of the leaves are twisted into ropes 
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while the sterna, ween old, are used in the construction of booses. Tadmor, in the 
desert, built by Solomon, is supposed to derive its name from those trees, which grew 
abundantly around it. " 

In 1864 our importation of dates was 

Cwts. Estimated value. 

From Egypt ----- 544 fel,417 

„ Gibraltar 485 1,329 

„ Malta 492 1,279 

„ Bombay and Soinde - 310 248 

„ Other parts - - 69 156 

1,840 4,429 

DATHOLITE. Borosilicate of lime, called also Eamarkite and Humboldtite ?. It 
is found at Arendal in Norway and in New Jersey. • 

Its chemical composition is, silica 37*30; boracic acid 21 *32 j lime 85*67 j water 5 a 71. 

DAT1SCA YELLOW. A yellow dye obtained by treating the aqueous decoction 
of the leaves of the JJatuca Canna/rina, a bastard hemp, growing in the Levant and in 
India, with salts of lead. This yellow is obtained in a translucent mass, soluble in 
water. Stuffs mordanted with alum are dyed a permanent yellow. 

DATURINE. See Atropine. 

DAVY LAMP. See Safety Lamp. 

DEAD DIPPING. The process of producing an agreeable pale yellow dead 
surface on ornamental brass work is so called. The brass woifc, after the final stamping 
with its adhering black scale from the annealing oven, is placed in dilute nitric acid, 
and left in it until the scale may be easily detached ; it is then taken out and washed 
with water. Again it is plunged in dilute acid somewhat stronger than before, until 
the surface is covered with minute bubbles, after which it is washed in a solution of 
argol, and dried in hot sawdust. Dead dipping is also used in the manufacture of 
the ornamental parts of stoves— especially such as are intended for drawing rooms. 
The brass portions of these are treated in the manner described, but the iron or 
steel after being polished, or ornamented by engraving, is treated with dilute 
sulphuric acid. 

DEAD OIL. The oil which is obtained from the fractional distillation of coal 
tar, after the light oil or naphtha has passed over. See Naphtha. 

DEAD WELLS. Wells which are made to carry off refuse waters. See Arte- 
sian Wells, Negative . 

DEAL WOOD. See Pines. 

DECANTATION. (Eng. and Fr. ; Abgiesaen , Germ.) The act of pouring 
off the clear liquor from any sediment or deposit. It is mnch employed in the 
chemical arts, and is frequently effected by means of a siphon, there being less risk 
of disturbing the precipitate. 

DECARBONISATION. Articles of cast iron, and, consequently, brittle, are 
decarbonised and rendered tough by being exposed to heat in contact with some per- 
oxide of iron, as the finely divided hematite ore. Most of the iron articles used in 
saddleryor harness making ore now manufactured by this process. 

• DECKLE, name given by the paper maker to a thin frame of wood fitting on the 
shallow mould in which the paper pulp is placed. 

DECOCTION. (Eng. and Fr. ; Zeraetzung, , Germ.) The process of boiling a liquid 
with some organic body, or the liquid compound resulting from the process of bed' ing. 

DECOMPOSITION. TBb separation of bsdfts from each other. The methods 
employed are almost inxmmerabl^ and usually depend on the special reactions of the 
matters under examination. We Bliall consider a few cf the most striking cases in 
both the grand divisions of the science, vis. inorganic and organic chemistry. In 
each instance we shall, for the sake of convenience, subdivide into the three classes of 
aqyis, alkalies, and neutral bodies. Previous, however, 1 to this, we must glance at 
fcome oLthe reactions of which chemists avail themselves in separating the elements. 
The decomposition of ordinaruaetallic salts, with the view of making a qualitative 
analysis 6f a more or les*eomplex mixture, is a problem, in general, of extreme 
simplicity, and directions fbr the purpose are to be found in all the numerous works 
on qualitative analysis. The principle on which the modern methods of qualitative 
analysis are founded, is the separation of the metals in the first £lace into large groups 
by ceigpun reagents, and then by means of others, to subdivide into smaller groups, m 
which the individual metal* can be determined by special tests. For th* sake of 
simplicity, we "hull only consider the more commonly occurring metals. The general 
reagents, by which the first subdivision is effected, are hydrochloric acid, sulphuretted 
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hydrogen, sulphide of ammonium, carbonate of ammonia xnixfd with chloride of 
nmmoniam, and finally pholphate of sods- The substance in solution is treated with 
hydrochloric acid, by which mercury, silver, and lead are removed. The mercury 
will only be perfectly removed if it exists entirely in the state of a snbsalt. Lead is 
only partially precipitated, and will be subsequently found in the next group. The 
precipitate by hydrochloric acid is to be boiled with water, which will remove the 
chloride of lead, and leave the chlorides of mercury and silver. The latter may be 
separated by means of ammonia, which will dissolve the chloride of silver and 
convert the mercury into a black powder, in which the metal can he detected by 
special testa. The fluid filtered from the precipitate by hydrochloric acid, is to have 
n stream of hydrosolphnrio acid gas passed through it for a considerable time, or 
until no more precipitation occurs. By this means antimony, arsenic, tin, cadmium, 
gold, mercury, silver, lead, bismnth, and copper are thrown down, and must be 
separated from each other by special processes. The filtrate from the precipitate by 
hydrosulphuric acid is to have ammonia added in slight excess, and then a solution of 
sulphide of ammonium as long as any precipitation takes place. By this means 
nickel, cobalt, iron, manganese, zinc, alumina and chromium, are thrown down ; also 
baryta, strontia, and lime, if they happen to be in combination with phosphoric oxalic 
or bnracic acids, or if nnited to fluorine. From the filtrate, cartamate of ammonia 
mixed with chloride of ammonium, precipitates bnryta, strontia, and lime. The filtrate 
from the last precipitate can only contain magnesia, or the alkalies. The above brief 
description of the mode of dividing the metals into groups will be sufficient to give an 
ide a of the processes employed for decomposing complex mixtures into simple ones. 

Inorganic acids are usuully removed from metals by converting the latter into an 
Insoluble compound, while the acid remains in solution cither in the free state or 
combined with a body of snch a natnre as not to mask the reactions of the acid with 
reagents. This is often done in the laboratory by boiling the metallic salt with an 
alkaline carbonate. The metals arc, consequently, cither converted into oxides or 
carbonates insoluble in water, while the acid unites with the alkali to form a soluble 
salt capable of being obtained by filtration in such a condition as to permit the nature 
of the acid to be made known by means of appropriate tests. It is usually necessary 
to neutralise the solution carefully before testing for the acid. 

It is seldom necessary in researches to reduce inorganic alkalies to their elements, 
tlieir constitution being usually ascertained by converting their constituents into 
new forms capable of being weighed or measured with accuracy. If, for instance, 
it was necessary to ascertain the constitution of sulphuric acid, it would be sufficient 
to determine the quantity of baryta contained in the sulphate. On the other hand, 
acids susceptible of assuming, when pure, the gaseous condition may have tlieir con- 
stitution determined by decomposing a known volume with a substance capable 
of combining with one ingredient and liberating the other in the gaseous state. 
Thus hydrosulphuric acid may be analysed by heating it with potassium, which will 
remove the sulphur and liberate the hydrogen. 

In decomposing inorganic alkalies with the view of separating the metals contained, 
in them, we usually have to avail, ourselves of very powerful affinities. This arises 
Yora the fact, that the snbstances in question are, generally, produced by the union - 
if a metal with oxygen, the metal having so strong a tendency to combine wMi that 
dement, that mere exposure to the air is sufficient to determine their union into a 
romponnd of great stability. In order, therefore, to decompose the alkalies of this 
slass, it is necessary to find some substance having a powerful tendency to combiLC 
with oxygen under certain conditio*?,, Now it has been found that carbon, if raised 
to an exceedingly high temperature, and employe* in gregt excess, is capable of 
removing the oxygen, oven from such bodies as potassium and sodium, the affinity 
af which for oxygen is very &reat 

Inorganic neutral bodies are generally decomposed either hy the ordinary pro- 
cesses of analysis, or, where the neutrality arises from the substance under examina- 
tion being a compound of an acid and a base, by separating the two by treatment • 
with a reagent capable of combining with one to the exclusion of the other. Vhis is 
i process frequently available in quantitative analysis 4s an illustration, #we may 
ake the decomposition of the carbonates by a irffneral acid in an apparatus which 
permits the carbonic acid set free to be accurately estimated by weigting. (See 
Jarbonates.) Another instance of the decomposition of a neutral body, by treating 
t with a substance capable of combining with one of the constituents and separating 
he other in a free state, is the decomposition of snlphat^of potash bjnbarytn?* If a 
solution of the salt be boiled with excess of solution of baryta, sulphate of baryta is 
produced and caustic potash set free. The excess of baryta is removed by boiling in 
the air until the whole of the latter base is converted into the insoluble carbonate. 
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A precisely analogous process is* the ordinary mode of preparing caustic potash by 
boiling its carbonate with qnicklime. 

Neutral bodies are frequently, however, so constituted, that the neutrality does flot 
arise from the circumstance of an acid being saturated with a base, but from tby| 
energies of two elements being, to some extent, satisfied by the fact of their being in 
combination. Thus, water is a neutral substance, nevertheless it maj*be decomposed 
by a variety of processes, several of which are susceptible of quantitative precision. 
In the first place, it may be decomposed by passing steam over a metal capable of 
uniting with its oxygen with liberation of the hydrogen. It may also be electrolysed 
and the two gases separately obtained. 

Organic or inorganic nentral salts may, at times, be very completely and simply 
decomposed by means of the battery. Not only are the various processes in electro- 
metallurgy founded on this principle, but it has even been practically applied to the 
quantitative estimation of the metals in ores. The electrolysis of the neutral salt of > 
the great series of organic acids of the general formula has thrown great 

light on some previously obscure points in the radical theory. 

The decompositions undergone by organic substances in contact with reagents arc 
so manifold, that the limits of this work preclude the possibility of doing more than 
glancing at a few of the most general and interesting. Perhaps of all the modes of 
inducing tke breaking up of more complex into simpler substances, the application of 
beat is the most remarkable for its power and the varied and opposite character of 
the substances produced. It has been shown that, as a decomposing agent, hc.it 
possesses no special function. From complex organic molecules all classes of suh- 
Btanccs are formed. Individual substances belonging to every chemical type are, 
therefore, found among products of destructive distillation. Acids, alkalies, and 
neutral bodies of every kind arc formed, and some of the most interesting and beauti- 
ful bodies known to chemists arc fnnnd in the uninviting looking tar of coal. lA*t 
us illustrate this by a glance at a few of the coal-tar products. Among the acids are 
the oxyphenic, carbolic, and cresylic. The alkaloids represented are metliylamine, 
ethylamme, propylamine, butylamine, amylamine, pyridine, picoline, lutidine, colli- 
dine, parvoline, chi'noline, lepidinc. cryptidine and aniline. Among hydrocarbons, 
turnsole, toluol e, xylolc, cumolc, cymole, propylc, butyle, arayle, caproylc, caproylcno 
ccnanthylene, naphthaline, anthracene, chrysene, pyrene, &c. &c. This list, probably, 
does not include one half of the substances produced from coal by the decomposing 
and recomposing influence of heat 

Mineral acids exercise a powerful decomposing influence on organic substances. Of 
these the nitric and sulphuric are the most commonly used. Nitric acid is especially 
active, owing to its twofold action. By virtue of its oxidising tendencies, It breaks np 
great numbers of substances iuto more simple and less carburetted derivatives, and the 
hyponitric acid produced by the removal of one of the atoms of the oxygen of the 
acid frequently enters into the resulting compound, a substitution product being the 
final result In the latter bodies produced in this manner the hyponitric acid (NO*) 
generally replaces hydrogen, the original type remaining unaltered. The production of 
# oxalic acid from sugar ; succinic, lipic, adipic, pimclic, suberic, &c., acids from oily 
and fatty matters by the action of nitric acid, are examples of its oxidising power ; 
Irhile tic .formation of nitrobcnxole, and bodies of more or less analogous character, 
present instances of the replacement of hydrogen by hyponitric acid. 

Sulphuric acid owes its decomposing power to its extreme tendency to combine 
with water. Many of the less stable organic bodies are, by tbis means, absolutely 
broken up, so that the resnlflbg products are at If character too indefinite to allow of 
the changes being exprfesed by Wei equation which shall render a true account of all 
the substances directly or indirectly formed. On the qfher hand, the action may be 
so contaolled by the careful regulation of the temperature anu strength of the acid 
that products may be eliminated which are themselves totally broken up and destroyed 
Ink an acid of greater strength. The production of grape sngar by the action of sul- 
phuric ^cid on starch, or lignine, may be taken as an example. It not unfrequently 
happens, that the sulphuric acM unites with the substance acted on to form a conju- 
gated compound. Bensoldf ana mapy other hydrocarbons, as well as oxidised bodies, 
relieve in this manner with concentrated sulphuric acid. 

Chlorinwand the other halogens are powerful decomposing agents, acting chiefly 
hy virtue of their affinity for hydrogen. The principal effect^iroduced by them are 
ixidation aud^ubstitution. Die oxidising action of the halogens arises from the 
lecomposition of water ; th^hydrogen combining with the chlorine, &c. f t6 form an 
lydracid, and the free oxygen uniting with the other substances present. ' 

The above sketch will sufficiently indicate some of the most usual methods by 
vhich the decomposition of organic and inorganic bodies is effected ; bat hundreds 
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of other decomposing agencies are at the call of the chemist, when anypnenomena 
involving the disruptions of compoonds are to be investigated. — C. G. W. 

1 DECREPITATION (Eng. and Fr $ Verknutem Germ.) ii the crackling noise, 
^tended with the flying asunder of their parts, made by several minerals and salts 
when heated. Sulphate of baryta, chloride of sodium, calcareous spar, nitrate of 
baryta, and several other bodies which contain no water, decrepitate most violently, 
separating at the natural joints of their crystalline structure. 

DEFECATION. (Eng. and Fr. ; Klarcn, Germ.) The freeing from dregs or 
impurities. 

DEFLAGRATION. (Eng. and Fr.; Verpvffimg, Germ.) A rapid combustion, 
attended with much evolution of flame and vapour. When metals ore burnt by elec- 
tricity, they are said to undergo deflagration. 

DEFLAGRATOR. A galvanic instrument for producing a rapid and powerful 
• combustion, introduosd by Professor Hare. 

DE L A1NES. Properly, fine worsted fabrics. They are indeed figured muslins, 
which should always be made of wool, but they are frequently made of mixed material. 

DELF. A coarse species of pottery originally manufactured at Delft in Holland, 
covered with a white enamel or glaze. See Pottery. 

DELIQUESCENT. ( Zcrflie&sen , Germ.) Any solid which absorbs moisture from 
the air spontaneously, and becomes toft or liquid; such as potash, and chloride of 
calcium. 

DELPHINI A. The poisonous principle of the Stavesacre. 

DEMY. Paper of a (Articular size is so called. Drawing demy is 15 inches by 20 , 
printing demy is 17} inches by 22 £. 

DENMARK SATIN. A stout worsted stuff used for ladies* shoes. 

DENTIFRICE. Tooth powder for the purpose of cleansing the teeth | a variety 
of preparations are recommended. The object being to remove acid incrustations 
from the teeth, and to cleanse them from feculent matter, simple preparations of chalk 
or magnesia are undoubtedly to be preferred. Occasionally charcoal may be used 
with advantage, but the particles are usually too hard, and consequently they tend to 
abrade the fine enamel surface of the teeth. 

. DENUDATION. ( Denudo , to lay bare.) The carrying away by the action of run- 
ning water of the superficial solid materials of the land, by which the lower rocks ure 
laid bare. 


DEODORISERS. Bodies which have the power of depriving fetid and offensive 
effluvia of their odours. There appears to exist a general idea that these substances 
are, all of them, equally disinfectants. No greater mistake can be made than to suppose 
that because a preparation has the power of removing a disagreeable smell, that there- 
lt J . ? emove d *11 elements of infection or disease. See Disinfectant. 

To disguise unpleasant odours, fumigation is employed, many of the fragrant gums 
are burnt, and fumigating pastiles employed. It is also a common practice to burn 
lavender and brown paper, but these merely overpower or disguise the smell ; they do 
™ i0US efflu T- See *"«««• Fomoatiow. 
v T J he J? r 2 0eM by which Nwd* are deprived of their, 
watery particles. It is. applied chiefly to spirituous liquors, but is now obsolete, as* 
«JlS5. t 5S, # . l 2Sf m “ tlcal ““to” 01 a peculiar principle called phlegm. ^ 

I jCATED, deprived of phlogiston, which was for a long period 
idler the fame of Stahl regarded a. the principle of levity and of c ombustion. It mw 
he regarded u synonomous irith oxygenated. “ Others Relieve that Ear th and PlSo- 
*** < * l0,e Prin«ple* 'which are tlfe constituent garts of aU corporeal substances." 

It appear* from all those experiments, that in each of thefii pUogutm, theahnclo 
inflammable principle,, is prwent" “ Thus much I Me from tbe^bo^ men faoned 
expwimcnti; that air t. composed of two different fluids, the one of which 'litmot. 

other has the quality of attracting it"— SeheeU^ jwf. 

■aid toh LA T? alB8, i. Pre J* ration * for removing hair from the (kin. Time are 

■r!T" ri 

by Redwood, to he a strong solution of wdphmet ffiwi 
a paste wfth nowdored starch. Tt ■hnniii Ka ^SP s ® made into 
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DEBRICK CHASTE The term Derrick is applied to a temporary crane, con- 
sisting of a spar supported by stays and gays, carrying a jfarchase for loading or un- 
loading goods on shipboard. The Derrick crane is somewhat similar in its plan, the 
projecting iron beam, or derrick, of which, can be raised or lowered to any desired 
angle. * 

DESICCATION. t The act of drying. o 

Davison and Symington patented a process for drying or seasoning timber, by 
currents of heated air. Even after wood has been dried m the ordinary manner, it 
contains much moisture, which it is still necessary to remove. The patentees have 
given some curious results of this desiccating process: — 


Temperature of air 214°. 


Violin wood. 

Original 

weight. 

Weight after 
seasoning: 

p Moisture removed. 

6 pieces small and thin 

2 pieces larger - 
2 pieces larger - 

3 '38 
30*56 
25'25 

2*87 

9*5 

2293 

8* per cent 
10*1 do. 

9'25 do. 





mm 

100° 

after 

6 hours. 

1200 

after 

10 hours. 

1600* 

after 

20 hours. 

180« 
after 
30 hours. 

fii 

Percent. 

Oak - - 

m 

m 

1-84 

wm 

1-71 

1'59 

1-56 

1-51 

BEH 

Bed pine - 

. 

m 

1-5 


1-38 

1*33 

1-28 1 

1-25 

EH 

Birch 

m 

. 

1-2 


1-05 

1-01 

•99 

•97 

bees 

Mahogany 

- 


1-21 

mm 

1-09 

103 

l'O 

•98 

19*2 | 


White wood, lime tree. 


1 


17(P 

after C hours. 

Part 140°, And 
part 212® 
after IS hours. 

After 

24 hours. 

After 

84 hours. 

After 

84 hours.* 

Per cent. 

n 

i3*5 

20‘45 

187 

18-22 

17-4 

■a 

26- 

H 

25-19 

21-33 

19-37 

18*9 

18-07 

■* 3 

285 

H 

23*67 

19-7 

17-83 

17-6 

16-82 

H2Z3 

29-2 

'll 

20-08 

17*07 

15-8 

15-6 

15-13 

Wm 

25- 


* No. 3 exposed to the atmosphere for three weeks, weighed at the end of that time 
H-8, or^had taken in 4*2 per cent of moisture. 

Feathers . — Feather beds, mattresses, blankets, and clothing, arc not only dried, but 
purified by this process. A feather bed of sixty pounds weight, will have no leu than 
109,000 cubic feet of air passed through it; and at the same time beaters ore made use 
of, for the purpose of removing the dust Feathqp treated in this manner have their 
bulk and elasticity so nrnch incrqgsed, that a second tick is found almost invariably 
necessary to put the featners into. 

A practical proof of the extreme powers of currents of dry heated air was given in 
Syria, by exposing to them sixty suits of clothes, which had belonged to persons who 
dqgd of the plague. These clothes were subjected to the process alluded to, at a tem- 
perature of about 240°, and afterwards worn by sixty living persons, not one of whom 
ever gf te the slightest symptom of being affected by the malady. ( Whuhaw.) 
It has been proposed to £y fbffee by currents of heated air, and subsequently to 
roast it by the same process. • 

Thick cqrd-boardi used for tea-trays and papier maehd, is now frequently dried by 
heated air. By the plan adopted at one establishment, previoydy to the introduction 

* It wlri be CbArved, on referring to the but column of Ume, tint the wood, althongh kept to the 
chamber exposed to heated currant! for 60 houn, weighed nothing Icm after the first W4 hours*~ 
(Wkitkaw). One application of the desiccating process for Umber Is to expose It for some hours to the 
heated currents of air, end then. In Its heated state, immersing it suddenly In any of the approved 
antiseptics, creosote or coal-tar. The result Is, that the air-vessels or the wood. If not entirely empty, 

contain air at so very high a temperature that a vacuum Is Instantly formed, and rvary pore u tew®* 

dlataty charged with the add antTseptle in which the wood is immersed. > 
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of Davison and Symington’s method, it invariably occupied from eighteen to twenty 
hours to dry a room full of paper by a heating surface equal to 380 feet ; whereas by 
t ttffe new method, the same amount of work is accomplished in four hoars, and with a 
locating surface of only 46 feet, or one seventh the area required by the former. 

W Siik .— For the purpose of drying silk, it has been usual to heat the drying chambers 
by large ca st-ifon globular stoves, the heat obtained thus was equal to ISO 0 F., but 
excessively distressing to any stranger entering these apartments. 

In one arrangement 7000 cubic feet per minute are admitted at the above temper- 
ature through small perforated iron plates, let into the stone floor. As many as 3000 
!>ieces of silk are sometimes suspended at one time ; and as each piece of silk, when 
wet contains about seven ounces of water, and aa the operation of drying the whole 
occupies but one hour, it follows that about 130 gallons of water are evaporated iu 
that time. 

r Yarn * — In Scottynd and other places they now dry yarns by modified applications 

of this process; and it is indeed extensively used m bleaching establishments, in 
calico-printing works, &c* See Transactions of the Society of Arts for 1847—8. 

A drying douse is an apartment fitted up in a peculiar manuer for drying calicoes, 
and other textile fubrics. Mr. Southworth, of Sharpies, a Lancashire bleacher, obtained 
a patent in 1823, for the following ingenious arrangement, which has been since gene- 
rally adopted, with certain modifications, in most of our extensive bleaching and 
printing works. Fig. 641, is a section of the drying-house, where a is a furnace cud 
boiler for the purpose of generating steam; it is furnished with a safety valve iu the 
tube h, at top, and from this tube the steam main c passes down to the floor of the 
basement story. From this main, a series of steam-pipes, a add, extends over the surface 
of the floor, and from them heat is intended to be diffused for the purpose of warming 
the drying-house. 

Along the middle of the building a strong beam of timber e e extends, and is 
supported by cast-iron pillars; from this beam, to bearings on the side walls, a series 
of rails are carried in a cross direction, over which rails the wet cloth is to be hung in 
folds, and the steam or evaporation emitted in drying is allowed to escape through 
apertures or ventilators in the roof. 

The mode in which the cloth i8 delivered on to the rails, on either side of the beam 
will be best understood by reference to the delivering carriage, which is shown, with 
its rollers partly in section. 

The wet cloth is first to bo coiled upon a roller, and then placed in the carriage, as 
at/, with its pivots bearing upon inclined planes. The carriage is to placed at the 
commencement of the rails, running upon the middle beam, and also upon the side- 
bearings or railways extending along the side walls of the building, parallel to and 
upon a level with the same beam. It is mode to travel by means of an endless band 
passing over two riggers g and A, in fig , 004, and over pulleys and a band- wheel 
attached to the carriage, as will be explained. The rigger g, which moves this endless 
band, is actuated by bevel gear, seen at A, which is pat in motion by a pinion at the cud 
of a revolving shaft leading from a steam engine. 

In the 60 me Jig., A A , is the endless band passing over a pulley under the band-wheel* 
and over the pulley a, by which it will be perceived that the traversing of the band, ag 
described, would cause these pulleys and wheels to revolve. On the action of the hand- 
wheel m, there is a drum against which the roll of wet cloth / presses, and as this drum 
revolves, the roll of wet cloth is, by its friction, made to turn in a contrary direction, 
and to deliver off the cloth on to the periphery of the dum, whence it passes over a 
roller aqd descends to the railB. Xfjwfe the end of the axle of the band wheel m, there 
is a pinion which takes into the teeth of the largf wheel, a&d upon the axle of this 
large wheel there is a pinion ymt actuates the intermediate wheel which turns another 
toothed wheel. This last mentioned toothed wheel takes into cogs upon the ride rail- 
way, and hence, as the train of wheels moves round, the carriage to which the wheels 
are attached is slowly impelled forward. e 

As soon as the wheels begin to move, and the carriage to advance, the vwt cloth 4, 
begins to uncoil, and to pass down over the first relief a small roller attached to the 
carriage, as it passes over the rail in succession, holds the Cloth against each rail for a 
short space of time, and prevents it from slipping.by which means the cloth descends 
in folds or loops between the rails, and is thereby made to hang in a serieriof folds or 
loops as shown in the figure. 

It wiU be perceived that as the pivots of the cloth roller/ bear upon feclined 'Janes, 
the TollerVill continually slide down as the cloth diminishes in biUk, keeping in con- 
tact with the drum, and delivering the cloth from the roller on to the several rails, as * 
described. 

• lu order to Hop the carriage in any part of it» coarse, or to adjust any of the folds of 




cloth when dried off the rails ; in which case the carriage must be made to travel back- 
wards, and by first guiding the end of the cloth on to the roller and then putting the 
wheels in a retrograde motion, the cloth will be progressively coiled upon the roller J\ 
in a similar way to that by which it was uncoiled. 

Dhvino Machine (cjsNTiurcGAX.). ( IJgdro-extracteur j Machine cL euorer, Fr.) 
By this contrivance, Pentxoldt was enabled to deprive all kinds of wet clothes in a few 



minutes of their moisture, without compression or heat Kelly, a dyer, and Allioft 
a by*oclicr, have since obtained a patent for the above machine with improvements. 
''Fig, 64 ^..represents a partial section of the machine, a, A, is the frame; n, the 
vertical snatt turning in the step a, fixed on the bridge b. This shaft bears on its 
upper part a friction cone c,iroxn which it receives its movement of rotation, as will 
be presently shown ; c is a drum containing two concentric compartments d c, of the 
form reprewnted in the figure ; this drum moves freely upon the shaft b, and rests 
when it is not in motion upon two conical projections /, g n whidh form a port of the 
shaft .These fcro compartments are each composed mainly of metal, and their 
rides c on sist of tinned iron or ire coiled circularly at very small distances from each 
other, and soldered together crosswise by small strips of metal. The top which 
covers the inner compartment d, is .secured by bolts and screws to a circle of iron 
which retains the wire rides of the same metal, but that which serves as a cover to , 
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the little compartment e, in which alone the gooS are placed, is disposed so tnat it 
may be removed with ease, when these are to be introduced or withdrawn. It is 
* furnished with an outer and inner border, disposed so that when the top is fixed the 
inner border presses'upon the convex circumference of the central compartment, while 
ihe exterior border falls outside of the edges of the other compartment. While the 
machine is at work, the second plate is maintained in its place by pins or bolts, not 
shown in the figure. 

The sides of the outer compartment d, are connected with the bottom by means of a 
prolongation of cross bands of metal which unite the wires and are riveted or soldered 
to the two outer plates. The wires of the interior compartment are attached by an iron 
hoop, to which they are riveted and soldered, and are united to the bottom plate by 
means of a rim upon this plate ; a rim somewhat flattened upon the sides which are 
riveted and soldered. 

c d, is a regulator suspended in the inner compartment d, and whose two branches A, A, 
are loaded. These \wo branches having room to play around the bolts which serve as 
points of attachment, and which are fixed to the upper plate, terminate in kneed 
branches whose extremities rest upon a rope g, which projects from the shaft s, is 
an exterior envelope secured to the frame a, a. It encloses the whole drum except 
at top, and serves to catch the water thrown out of the goods. At y there is a stop 
cock for the discharge of this water, and the bottom contains besides the end of a pipe 
by which hot air is introduced. 

The vertical shaft B receives a movement of rotation and carries with it the drum. 
The more rapid this mayement is the more does the centrifugal force tend to expel 
the water contained in the clothes or yarn to be dried. But as this force might also 
displace the central shaft, if the weight was not rightly distributed in the drum, and 
canse the dislocation of the machine when the great velocity requisite for quick 
drying is given to it, the regulator d is tested to prevent accident. The branches 
of this regulator spread wider the more the velocity is increased, and raise conse- 
quently the drum c above the conical enlargements, which permits the drum to be 
somewhat misplaced and to rectify its position conformably to the inequalities of its 
load, so that its centre of gravity may always coincide with its centre of rotation. The 
drum is connected with the shaft as is shown in ?, leaving it free to take the requisite 
adjustment To hinder it from rising too suddenly, a spiral spring k is fixed over the 
shaft immediately above the conical enlargement g. In order to maintain the equi- 
librium more certainly, the apparatus is surrounded with a hollow crown i, half filled 
with water, and if during the revolution of the machine the weight of the goods pre- 
dominates on one side, that of the water which accumulates on the other side serves the 
more to counterbalance it. The effect of this crown may be increased by dividing it 
into two compartments or more, a, is a large pipe by which steam or hot air is intro- 
duced into the belly of the drum, which is pierced in this place with a great number of 
■mall holes to receive it 

The rotary movement is transmitted to the drum in the following way. 

r. is a conical disc mounted upon the extremity of a shaft x 1 which actuates.tbe cone c 
and the shaft B by means of friction ; jJ is a cone fixed upon the extremity of the shaft, 
x* I** M is another cone of the same dimension, but whose base fronts the top of the other* 
and which is placed on the shaft x* ” commanded by the prime mover. H i* the beh 
which embraces the two cones, and whose lateral displacement, effected by means of a 
fork, permits the velocity of the machine to be regulated at pleasure, n is the pulley 
which directly receives the movement. In place of a Bingle friction disc x, anotlter 
may be employed, if judged neceftary, And placed bAwcen the two, an'additional 
friction pole, in order better to equalise the frictioiff Iu thin case the disc and addi- 
tional cone should turn freely upon their own shafts. We may also adopt another 
arrangement for the bottom of the vertical shaft. The shaft immediately above the 
step is surrounded by a loose rim, around which a certain quantity of lead shot, or 
other granular matter, is contained in the rim in the box which serves for the step. 
The top of this box is pierced with an opening, into which, when the machine 
b at rest, a cord connected with the shaft sinks, controlled by the shaft, aft when 
the drum b raised by the action of the regulator d, tms chord quits its place, which 
allows the shift to displace the that a little, andfb take a position conformably to the 
point of the centre of gravity. # 

But after all, great mention should be laid to the proper working of the machine. 
There are many other drying machines used, some of which are described Jn the 
articles devoted to special manufactures. • w 

DETERM A. A wood used in Guiana for masts, booms, and planking. It ia 
very durable, insects will not attack it, and it will square from 14 to 16 feet. * 

* DETONATION. See Fulminates, for the mode of preparing detonating powder 
for the Percussion cans of fire-arms. 8 ^ 
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DETRlTJJBs de^from, torn, mb. Matter worn off rooks, and deposited in 
▼alleys. 

DEUTOXIDE, literally means the second oxide, bat is usually employed to denote 
a compound containing two atoms or two prime equivalents of oxygen to one or m&re 
of a metal. Thus we say deutoxide of oopper, and deutoxide of mercury. Berxeliu^ 
abbreviated this expression by adopting the principles of the French nomenclature 
of 1787 1 according to which the higher stage of oxidisement is characterised by 
the termination ic 9 and the lower by oua. It is now rarely employed. 

DEVIL. The name of a spiked mill, used in Yorkshire, for tearing woollen rags 
into fragments for the manufacture of Shoddy. 

DEVONSHIRE BATTS. A porous fine-grained sandstone from the quarries. 
Black Down Cliflfc, near Collumpton, in repute as a grindstone. 

DEVONSHIRE OIL-STONE. This stone occurs near Huel Friendship Mine* 
about three miles from Tavistock, in the Devonian Slates of that district It has con- 
siderable local repute for sharpening all kinds of thin edged brpad instruments ; it 
has not, however, become an article of commerce. — Knight , Trans. Society of Arts. 

DEW-RETTING. See Flax. 

a DEXTRIN. Starch Gum. There arc three modes of obtaining this from starch, 
▼is., by torrefiiction, by the action of dilate acids, and by the action of diastase. The 
impure dextrin obtained by roasting is term roasted starch , or leicomme. British 
gum is prepared by carefully roasting wheat starch, at a temperature of 300° Fahr. 
Another method of preparing dextrin consists in moistening 1,000 parts of potato 
starch with 300 parts of water, to which 2 parts of nitric acid have been added. The 
mixture is allowed to dry s]>ontaneously, and is afterwards Seated for two or three 
hours in a stove, at 212° Fahr. Dextrin in many of its characters resembles or- 
dinary gum, but it is distinguishable from it by its right-handed rotation of a my of 
plane polarised light , — hence its name dextrin , — and by its yielding oxalic acid, but 
not mucic acid, when heated with nitric acid. 

DIABASE. One of the greenstone rocks, consisting of felspar and hyperstene, 
augite and chlorite. — Cotta’s *• Classification of Rocks.” 

D1 ACTINIC LENS. A name proposed to be given to the best construction of 
lens for the photographic camera obBcura. It should be transparent to all the 
chemical rays, or rather, a lens which should unite the chemical and luminous focus 
in one point. The name has not been generally adopted. 

DI ALL AGE. Bnmzite, Hyperstene, and Schillerspar are often confounded under 
this name. The name is derived from 8toA\a’>4, difference, alluding to dissimilar 
cleavage. It is thin, foliated, and easily cleavahle ; laminae brittle { colour, various 
shades of green, grey, and brown, sometimes bronse and pearly metallic. 

Of diallage rock fine examples will be found near the Lixard Point, and beautiful 
crystals of diallage are to be discovered in the Serpentine rocks near Cadgwith, in 
the same locality. 

DIALYSIS. Professor Graham applies this term to the separation of certain sub- 
stances by liquid diffusion. For example, if a mixture of gum and sugar is placed 
in a dialyser, which is a piece of “ paper parchment ” stretched upon a hoop, and 
this floated in water, three-fourths of the sugar will pass through the membrane in 
twenty-four hours, without a trace of the gum. See Watts’ ‘‘Dictionary of 
Chemist A r ” 

DIAMAGNETISM. As this term is becoming more generally used in our lan- 
guage, it appears necessary to give a definition of it, although it is not our purpose 
to Alter on the consideration of any purely physical subject. 

The term was introduced %y Dr. Faraday, t§ Apress those bodies which did not 
act as magnetic bodies do. If w%nd s represent the poles of a horse-shoe magnet, 
any bar of a magnetic character, os iron, cobalt or nickel, hung up between them and 
free to move, will by virtue of the attracting and repelling polar forces, place itself 



along the line joining the two poles a b, which is called the magnetic axis. If 
of a bar of iron we suspend in the same manner a rod of gAss, of bismuth, or of 
silver, R will aizange itself equatorially, or across the line a b, as shown by the dotted 
line, c 2 All bodies in natute appear to exist in one of those two conditions. The 
prefix dia is used here in the same sense as in dia-meter. See Be La Rives Klee • 
trieity, for a full explanation of all the diamagnetic phenomena. 

DIAMOND ( Diamant, Fr. ; Diamant . Germ.) Experiment has determined that 
Vol. II. 
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this beantiffal gem is a peculiar (, aflotropic ) condition of carhan. By^mrning the 
diamond in oxygen gas we produce carbonic acid ; and by enclosing the gem in a 
mass of iron, and subjecting it to a strong heat, the metal is converted into steel, when 
the diamond has disappeared. It has been shown that we can, by the agency of the 
beat of the voltaic arc, convert the diamond into excellent coke, and into graphite; but 
although portions of coke are found to be sufficiently hard to cut glass, we have not 
yet succeededln making diamonds from coke. Sir Humphry Davy noticed that the 
charcoal of one of the poles of Mr. Children's great voltaic battery was considerably 
hardened, and he regarded this as an advance towards the production of that gem. 
Recently some experiments made by a French philosopher have advanced the dis- 
covery another step : one of the poles of a voltaic battery being charcoal and the other 
of platinum, it was found that the fine charcoal escaping from the carbon pole and 
depositing itself on the platinum pole was sufficiently hard to be used in the place of 
diamond dust for polishing gems. The formation of the diamond in nature is one of 
the problems which “ our philosophy " has not yet enabled us to solve. Time is an 
clement which enters largely into nature’s works ; she occupies a thousand, or even 
thousands of years to produce a result, while man in his experiments is confined to 
a few days, or a few years at most. 

Although diamonds have been occasionally found in various parts of the globe, there 
are only two places which cau be strictly named os diamond districts, a portion of the 
Indian Peninsula and Brazil. India has been celebrated from the most remote anti- 
quity as the country of diamonds. Its principal mines are in the kingdoms of Golconda 
and Visapour extending from Cape Comorin to Bengal, at the foot of a chain of moun- 
tains called the Oi.ro,%hich appear to belong to the trap rock formation. - In all the 
Indian diamond soils, these gems are bo dispersed that they are rarely fonnd directly, 
even in searchingthe richest spots, because they ore enveloped in an curthy crust, which 
most be removed before they can be seen. The stony matter is therefore broken into 
pieces, and is then, as well as the looser earth, washed in basins scooped out for the 
purpose. The gravel thns washed is collected, spread out on a smooth piece of ground, 
and left to dry. The diamonds are now recognised by their sparkling in the sun, and 
are picked out from the stone. 

Diamonds are also said to come from the interior of the island of Borneo, on the banks 
of the river Succadan, and from the peninsula of Malacca. It is said the principal spots 
where diamonds are found are recognised by certain small flints, generally of a black 
colour, which lie upon the surface, and also by the yellow colour of the stony soil The 
ground is dug in the presence of an overseer : all stones above 5 carats, arc claimed for 
the sovereign. Diamonds ore found occasionally in the rivers, seldom however of any 
size. 

The diamond mines of Brazil were discovered in 1728, in the district of Serro-do- 
Fria The ground in which they are imbedded has the most perfect resemblance to that 
of the East Indies where the diamonds occur. It is a solid or friable conglomerate, 
consisting chiefly of a ferruginous sand, which encloses fragments of various magnitude 
of yellow and bluish quarts, of schistose, jasper, and grains of gold disseminated with 
oligist iron ore, — all mineral matters different from those that constitute the neighbour- 
ingmountains; this conglomerate, or species of pudding-stone, almost always superficiqj, 
occurs sometimes at a considerable height on the mountainous table-land. The most 
celebrated diamond mine is that of Mandarga, on the Jigitonhonha, in the Uistrict of 
Serro-do-Frio to the north of Rio -Janeiro. The river Jigitonhonha, three times broader 
than the Seine at Paris, and from 3 to 9 feet deep, is made nearly dry, by drawing the 
water off with sluices at a Certain season ; and the auscattw, or diamond gravel, is 
removed from the channel by varroift mechanical means, to be washed elsewhere at 
leisure. This cascalho, the same as the matrix the golff mines, is collected in the 
dry season, to be searched jpto during the rainy ; for which purpose it is formed into 
little mounds of 15 or 16 tons weight each. The washing is carried on beneath an 
oblong shed, by means of a stream of water admitted in determinate quantities 
into boxes containing the cascalho. A negro washer is attached to each box •in- 
spectors are placed at regular distances on elevated stools, and whenever a gpgro h A 
found a diamond, he rises up and exhibits it If i^ weighs 17 J carats, he receives 
his liberty. Many precautions are taken to pryrent thdT negroes from secreting the 
diamonds. Each squad of workmen consists or 200 negroes, with a surgeon and an 
almoner or priest, _ • 

The flat lands on either side of the river are equally rich in diamonds over their whole 
sntflice, so that it becomes very easy to estimate what a piece of groamknot yetowasbed 
may prrfluce. • 

It is said that the diamonds snrronndcd by a greenish crust are of the firut water, \ 
or are the most limpid when cut The diamonds received in the different mines of the 
(district, are deposited once a month in the treasury of Tejuco ; and the amount of what 
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was thus delivered from 1801 to 1806, may be estimated at about 18 or 19 thousand 
carats per annum. • 

On the banks of the torrent called Bio-Pardo, there is another mine of diamonds. 
The ground presents a great many friable rocks of pudding-stone, distributed in irregulaP 
strata. It is chiefly in the bed of this stream that masses of cascalho qgcur, peculiarly 
rieli in diamonds. They are much esteemed, particularly those of a greenish-blue colour. 
The ores that accompany (he diamond at liio-Pordo differ somewhat from those of the 
washing grounds of Mandanga, for they contain no pisiform iron ore ; but a great 
many pebbles of slaty jasper. This table land seems to be very high, probably not less 
than 5,500 feet above the level of the sea. 

Tocaya, a principal village of Minas- Novas, is 34 leagues to the north-east of Tejuco, 
in an acute angle of the confluence of the Jigitonhonha and the Bio-Grande. In the 
bed of the streamlets which fb.ll westward into the Jigitonhonha, those rolled white 
toimscs ure fouud which are known under the name of mines morns with hive topazes , and 
aquamarine beryls. In the same country are found the beautiful cymophanes or chry- 
sobcryls so much prised in Brasil. And it is from the cantons of Indaia and Abalto 
that the largest diamonds of Brasil come ; yet they have not so pure a water as those 
of the district of Serro-do-Frio, but incline a little to the lemon yellow. 

It is known that many minerals become phosphorescent by heat, or exposure to the 
sun’s light. Diamonds, it has been said on doubtful authority, jkkscss this property, 
but all not in equal degree, and certain precautions must be observed to make it mani- 
fest Diamonds need to be exposed to the sunbeam for a certain time in order to 
become self-luminous s or to the blue rays of the prismatic sffectrnm, which augment 
still more the faculty of shining in the dark. Diamonds susceptible of phosphorescence 
exhibit it either after a heat not raised to redness, or the electric discharge. Many 
minerals possess the power of becoming electrically phosphorescent, which do not 
appear to be affected by the solar rays. Diamonds possess not only a great refractive 
power in the mean ray of light, but a high dispersive agency, which enables them to 
throw out the most varied and vivid colours in multiplied directions. 

Diamonds take precedence of every gem for the purpose of dress and decoration ; 
and hence the price attached to those of apu.e water increases in so rapid a proportion, 
that, beyond a certain term, there is no rule of commercial valuation. The largest 
diamond that is known seems to be that of the llajuh of Mattan in the East Indies. 
It is of the purest water, and weighs 367 carats, or, at the rate of 4 grains to a carat, 
upwards of 3 ounces troy. It is slmpcd like an egg, with an indented hollow near 
the smaller end; it was discovered at Lamlak about 100 years ago ; and though the 
jMisscssion of it has cost several wars, it remained in the Mattan family for 90 years. 
A governor of Batavia, after ascertaining tin- qualities of the gem, wished to he the 
purchaser, and offered 1 50,000 dollars for it, besides two war brigs with their guns and 
ammunition, together with a certain number of greatguns, and a quantity of powder 
and shot. But this diamond ])ossessed such celebrity in India, being regarded as a 
talisman involving the fortunes of the Kqjnh and his fiunily, that he refused to part with 
it at any price. . 

The Mogul diamond passed into the possession of the ruling family of Kabul, as 
hfls been invariably affirmed by the members of that family, and by the jewellers 
of*Dolhi *nd Kabul. It has been by both parties identified with the great diamond 
now kuown under the name of the Kou-i-Nooa, or mountain of light, — which was 
displayed by its present proprietor, her Majesty the Queen, at the Great Exhibition 

The diamond denominated file Koli-i-noor, off fountain (koh) of. Light (noor), 
lias long enjoyed both Indian and ftiropenn celebrity, and has accordingly been the 
subject of traditionary fable, as well as of historical record^ , 

According to Hindu legeud, it was found in the mines of the south of India in the 
days of the Great War, the subject of the heroic poem, the Muhn'Ohu'rata , and was 
worthy one of tlie warriors who was slain on that occasion, Kama, king of Anga: 
tiffs would place it about 4000 years ago, or 2100 u. c. A long interval next makes 
it the property of Yikramadity^, tlie raja of Mjayin, 56 b.c., from whom it 
descended to his successors, Ac rajah^of Malwa. until the principality was subverted 
by Mohamedun conquerors, into whoso hands it fell, with other spoils of lufimte value. 

Whatever may be thought of the legend which gives so high an qptiquity to the Kon- 
i-Noor, we might expect some more trustworthy information when we conic down so 
low as the beginning of the fourteenth century ; Malwa having been invaded and 
iwerrun by the armies of Ala-fld-din, the sultan of Delhi, in 1306, who, accoraing to 
[he autobiography of the sultan Baber, acquired the jewel. That it did become tlie 
property of the sultanas of Delhi is little doubtful, but when or how is matter of soma 
uncertainty, although the grouuds of the difficulty have not hitherto been investigated. 

C2 
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In IMS Mods. Jean Baptiste Tavernier, an enterprising and thtdligejS traveller, 
fta&in eminent jeweller, although Ecuyer, Baron d'Aubonne, visited India especially 
* to purchase dia mond s. His profession and his personal character seem to have re* 
Ammended him to the favourable attention of the nobles of the court of Delhi, and 
bigot as he was, of Aurangsob himself; by whose commands Mens. Tavernier was 
permitted to inspect, handle, and weigh the jewels of the imperial cabinet. Amongst 
them was one which for surpassed ajl the rest in si ae and value. Tavernier describes 
it aa rose-out, of the shape of an egg cut in two, of good water, and weighing 819} 
rods, which, he says, is equal to 880 of onr carats. ^ 

There is bnt little doubt that the diamond examined by Tavernier in the Delhi 
Cabinet was the Koh-i-Noor. Baber, the Mogul emperor, obtained a diamond, cor- 
responding exactly with this, and it passed eventually into the po ssessi on of the ruling 
family of Kabul Nadir Shah, on his occupation of Delhi in 1 789, compelled Mohammed 
9 Shah, the great-grandson of Aurangseb, to give up to him everything of value that the 
imperial treasury possessed, and his biographer and secretary specifies a peMeuk, or 
present, by Mohammed Shah to his conqueror of several magnificent diamonds. 
According to the family and popular tradition Mohammed Shah wore the Koh-i-Noor 
in firont of his turban at his interview with his conqueror, who insisted on exchanging 
turbans in proof of his regard. However this might have been, we need have little 
doubt that the great diamond of Aurangaeb, was in the possession of Mohammed 
Shah at the time of the Persian invasion; and if it was, it most certainly changed 
masters, and became, as is universally asserted, the property of Nadir Shah, who is also 
said to have bestowed upon it the name of Koh-i- Noor. After his death, the diamond 
which he had wrested from the unfortunate representative of the house of Timur, became 
the property of Ahmed Shah, the founder of the Ahdali dynasty of Kabul, having been 
given to him, or more probably taken by him, from Shahrikh, the young son of Nadir. 
The jewel descended to the successors of Ahmed Shah, and when Mr. Elphinstone was 
at Peshawnr, was worn by Shah Shuja on his arm. When Shah Shuja was driven from 
Kabul, be became the nominal guest and actual prisoner of Runjet Sing, who spared 
neither importunity nor menace, until, in 18X3, he compelled the fugitive monarch to 
resign the precious gem, presenting him on the occasion, it said, with a lakh and 
95,000 rupees, or about 12,0004 sterling. According to Shah Shqja’s own account, 
however, he assigned to him the revenues of three villages, not one rupee of which he 
ever realised. Bunjet was highly elated by the acquisition of the diamond, and wore 
it as an armlet at all great festivals. When he was dying, an attempt was made by 
persons about him to persuade him to make the diamond a present to Jagannuth, 
and it is said that he intimated assent by an inclination of his bead. The treasurer, 
however, whose charge it was, refused to give it up without better warrant, and 
Runjet dying before a written order could be signed by him, the Koh-i-Noor pas 
preserved for awhile for his successors. It was occasionally worn by Rhurreuk Sing 
and Shu Sing. After the murder of the latter, it remained in the Lahore treasury 
until the superceision of Dhulip Sing, and the annexation of the Prajaub by the 
British Government, when the civil authorities took possession of the Lahore treasury, 
under the stipulations previously made, that all the property of the state should be 
confiscated to the East India Company, in part payment of the debt due by the Laho.'e 
government and of the expenses of the war ; it was at the same time stipulated that 
the Koh-i-Noor should be presented to the Queen of England. Such is the strange 
history of certainly one of the most extraordinary diamonds in the world. Afte* the 
Company became possessed of the gem, it was taken in charge by Lord Dalhoasie, 
and sent by him to England in c&tedy of two oflicersJL-ifriif’c Handbook of the Great 
Exhibition of 1851. f ( . 

As exhibited at the Crystal Palace in Hyde Park, the Koh-i-Noor weighed 186A 
carats. 

The form of the Koh-i-Noor is given in Jig. 84 A p is a large plane at the base of 
the diamond which is a cleavage plane, f, also a large cleavage plane, produced by 
a fracture j this had not been polished, and being inclined to the plane p at an snf!e 
of 109° 98', affords a satisfactory means for determining the direction of tl£ cleavage 
planes of the stone, a shows a flaw running parallel toethe cleavage plane f. T his 
constituted the principal danger to be apprebedhed in cutting the stone, and was most 
skilfully ground nearly out before any of the Iheets were cut This fl|w seemed to 
proceed from a fracture marked a. c and a were little notches cut in the stone for the 
purpose of holding the diamond in its original setting; v a small flaw which almost 
required a glass to see it, evidently parallel to the plane p ; ]> a fracture from a blow 

or foil, showing at its base a cleavage place Tennant j 

This fine diamond did not possess that high degree of brilliancy which was expected 
f from its great reputation; it was consequently submitted to Messrs. Garrard to be 
recak In tbf operation the weight was reduced more than one-third, but its brilliancy 
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was greatly improved The present state of the Kob-i-Hoor is shown in figt. 645 and 
646. See Diamojto-cuttino. 
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After this gem, the next are: — 1. That of the emperor of Russia, bought by the 
late empress Catharine, which weighs 193 carats. It is said to be of the size of a 
pigeon's eg& and to have been bought for 90,000£, besides an annuity to the Greek 
merchant of 4.0004 It is reported that the above diamond formed one of the eyes of 
the famous statue of Sherigan, in the temple of Brama, and that a French grenadier, 
who had deserted into the Malabar service, found the means of robbing the pagoda of 
tins precious gem, and escaped with it to Madras, where he disposed of it to a ship 
captain for 2,000/., who resold it to a Jew for 12,000/. From him it was transferred 
for a large sum to the Greek merchant 2. That of the emperor of Austria, which 
weighs 189 carats, and has a slightly yellowish hue. It has. however, been valued at 
100,000iL 3. That of the French State, ealled the Regent or Pitt diamond, remarkable 
for its form and its perfect limpidity. Although it weighs only 136 carats, its fine 
qualities have caused it to be valued at 160,000/., though it cost only 100,000 /. 

The largest diamond furnished by Brasil, now in possession of the Crown of Portugal, 
weighs, according to the highest estimates, 120 carats. It was fonnd in the streamlet 
of Abaxte, in a day-slate district. 

Diamonds possessed of no extraordinary magnitude, but of a good form and a 
pure water, may be valued by a certain standard rule. In a brilliant, or rose diamond 
of regular proportions so much is cut away that the weight of the polished gem does 
nqt except one-half the weight of the diamond in the rough state; whence the value of 
a cut diamond is esteemed equal to that of a similar rough diamond of double weight 
exclusive of the cost of workmanship. The weight and value of diamonds is reckoned 
by gents of 4 grains each ; and the comparative value of two diamonds of equal 
quality, but different weights, i* as the squares of they weights respectively. The aver- 
age price of rough diamonds that ye worth working, is about 2l for one of a single 
carat ; but as a polished diamond of one carat must have taken one of two carats, its pnee 
in the rough state is double the square of 2/., or 8/L Therefore to estimate the value 
of a wrought diamond, ascertain its weight in carats, double that weight, and multiply 
the square of this product by 2l Hence, a wrought diamond of 


1 carat is worth 

£8 
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beyond orhieb lyigbt the price can no longer rise in this geometrical progression, front 
kthe small number of purchased of such expensive toys. A very trifling spot or flaw of 
'any kind lowers exceedingly the commercial value of a diamond. 

Diamonds are used not only ss decorative gems, but for more useful purposes, as 
for cutting glam by the glasier, and all kinds of hard stones by the .lapidary. • 

On the structure of the giasier’s diamond we possess some vsry interesting observ- 
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itioni and reflections by Dr. Wollaston. He remarks, that the hardest substances 
brought to a sharp point scratch glass, indeed, bat do not cat it, and that diamonds 
alone possessed that property ; which he ascribes to the peculiarity of its crystallisation 
fain rounded faces, and curvilinear edges. For glass-catting, those rough diamonds are 
always select^. which are sharply crystallised, hence called diamond sparks ; but cut 
diamonds are never used. The inclination to be given to a set diamond in cutting 
glass is comprised within very narrow limits ; and it ought, moreover, to be moved 
in the direction of one of its angles. The curvilinear edge adjoining the curved faces, 
entering as a wedge into the furrow opened ap by itself, thus tends to separate the 
parts of the gia». ; and in order tiiat the crack which causes the separation of the 
vitreous partic.es may take place, the diamond must be held almost perpendicular to 
the surface of the glass. The Doctor proved this theory by an experiment. If, by 
suitable cutting with the wheel, we make the edges of u spinel ruby, or corundnm- 
telcsic (sapphire), curvilinear, and the adjacent faces carved, these stones will cut glass 
as well as a glazier's diamond, but being less hard than it, they will not preserve this 
property s» long, lie found that upon giving the BurTace of even a fragment of flint 
the same shape as that of the cutting diamond, it acquired the same property ; but, 
from its relative softness, was of little duration. Tne depth to which the fissure 
caused by the glazier's diamond penetrates docs not seem to exceed the two-hundredth 
of an inch. 

The following remarks by Mr. Tennant cannot fail to be of interest, and, as pointing 
out the errors which have been frequently committed through ignorance, of great 
value. * 

“ By attending to the forms of the crystal, we arc quite sure that we shall not find 
the emerald, sapphire, zircon, or topaz in the form of a cube, octahedron, tetrahedron, 
or rhombic dodecahedron ; nor the diamond, spinel, or garnet in that of a six sided 
prism, and so on with other gems. For want of a knowledge of the crystalline form 
of the diamond a gentleman in California offered 2004 fora small specimen of quart?. 
He knew nothing of the substance, except that it was a bright shining mineral, exces- 
sively hard, not to be scratched by the file, and which would scratch glass. Pre- 
suming that these qualities belonged only to the diunioad, he conceived that he was 
offering a fair price for the gem ; bnt the owner declined the offer. Had hi! known 
that the diamond was never found as a six-sided prism, terminated at each end by a 
six-sided pyramid, lie would lmve been able to detect the fact that what he was offered 
2004 for, was really not worth more than half a crown.” — Tennants Lecture on Gems . 

The accompanying forms may serve to guide those who are ignorant of crystal- 
lography. 


649 Brilliant (Upper sidr.) 650 Rom. 



table | 6, star-beets ; e, skill beets } d, lozenges j c, girdle. 


The following technical term, are applied to the different face* of diamond* : — 

ft? JX COr “ e ” ° f ‘ he ^"eeu 

Cullei: the small horixontal plane or face, at the Vttom of the brilliant. * 
i. bounded by SftaHM rft Whkfc **' centrof in thc P° iut at to P- 
(l. p ' ane8 ’ b°th in brilliants and rones. *In brilliants 

tf!^r tml °l^' fkcete ’ ftnd Skill-facets are divided into 

temintfc wrought on the lower part ef the Mail, and 

fataSrth “° der - ,kl11 faoot* are wrought A the pavilion*, and terminate 
to 1,l e _ ® e ’ rtw-feoet. are wrought on the upper part of the beiil and terminate in the*- 


*■ . 9 ird !‘ [ fr* Une which encompasses the stone parallel 
detcomne* the greatest heriacafal expansion of the stone. 
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Lozenge* : arc common to brilliant* and rote*. In brilliant* they are formed by the 
meeting of the skill and star-facets on the besil. In ro*e* by the meeting of the facets 
in the horizontal ribs of the crown. * 

Pavilion * s the under sides and corners of brilliant *, lying between the girdle ant 
the collet % 

Bib* : the lines, or ridges, which distinguish the several parts of the work, both in 
brilliant* and rose t. 

Table : the large horiaontal plane, or face, at the top of the brilliant 

Fig. 649 represents a brilliant, andjffo, 650 a rose cat diamond. 

The rose diamond is flat beneath, like all weak stones, while the upper fkce rises 
into a dome and is cat into facets. Most usually six facets are put on the central 
region which are in the form of triangles, and unite at their summits ; their bases 
abut upon another range of triangles, which being set in an inverse position to the , 
preceding, present their bases to them, while their summits teftninate at the sharp 
margin of the stone. The latter triangles leave spaces between them which are like- 
w sc cut each into two facets. By this distribution the rose diamond is cut into 
24 fucets; the surface of the diamond being divided into two portions, of which the 
upper is called the crown, and that forming the contour, beneath the former, is called 
tkntelle (lace) by the French artists. 

According to Mr. Jefferies, in his Treatise on Diamonds, the regular rose diamond 
is formed by inscribing a regular octagon in the centre of the table side of the stone, 
and bordering it by eight right-angled triangles, the bases of which correspond with 
the sides of the octagon ; beyond these is a chain of 8 tritiums, and another of 
16 triangles. The collet side also consists of a minute central octagon, from every 
angle of which proceeds a ray to the edge of the girdle, forming the whole surface 
into 8 trapeziums, each of which is again subdivided by a salient angle (whose apex 
touches the girdle) into one irregular pentagon and two triangles. 

To fashion a rough diamond into a brilliant, the first step is to modify the fkces of 
the original octahedron, so that the plane formed by the junction of the two pyramids 
shall be an exact square, and the axis of tho crystal precisely twice the length of one 
of the sides of the square. The octahedron being thus rectified, a section is to be 
mode parallel to the common base or girdle, so as to cut off 5 eighteenths of the whole 
height from the upper pyramid, and 1 eighteenth from the lower one. The superior 
and lurger plane thus produced is called the table , and the inferior and smaller one is 
culled the collet ; in this state it is termed a complete square table diamond. To convert 
it into a brilliant, two triangular facets are placed on each side of the table, thus 
changing it from a square to an octagon ; a lozenge-shaped facet is also placed at each 
of ttie four corners of the table, and another lozenge extending lengthwise along the 
whole of each side of the original square of the table, which with two triangular facets 
set on the base of each lozenge, completes the whole number of facets on the table 
side of the diamond ; viz. 8 lozenges, and 24 triangles. On the collet side are formed 
4 irregular pentagons, alternating with as many irregular lozenges radiating from 
the collet as a centre, artl bordered by 1 6 triangular facets adjoining the girdle. The 
brilliant being thus completed, is set with the table side uppermost, and the collet side 
inipluntfd in the cavity made to receive the diamond. The brilliant is always three 
times as thick os the rose diamond. In France, the thickness of the brilliant is set 
off* n to two unequal portions ; one third is reserved for the upper part or table of the 
diamond, and the remaining two thirds for the lower part or collet ( cuhsse ). The 
tnhle lias eight planes, and its circumference is .gut into facets, of which some are 
triangles and others lozmiges. T^c collet is also cut into facets called pavilion *. It 
is of consequence that the pavilions lie in the same order as the npper facets, and that 
they correspond to each other, so that the symmetry be perfect, for otherwise the 
play of the light would be false. 

Although the rose-diamond projects bright beams of light in more extensive propor- 
stimi often than the brilliant, yet the latter shows an incomparably greater play, from 
the diffift’ence of its cutting. In executing this, there are formed 32 fkces of different 
figures, and inclined at di|£?reflt angles all round the table, on the upper side of the 
stone. On the collet (colosse) 24 otlicr fkces are made round a small table, which 
converts tly; culasse into a truncated pyramid. These 24 facets, like the 32 above, 
are differently inclined and present different figures. It is essfutial that the fkces of 
the tomand the bottom correspond together in sufficiently exact proportions to multi- 
ply the refleeffons and reflections, so os to produce the colours of the prismatic 

sjx'ctrum. 

DIAMONDS, cutting of. Although the diamond is the hardest of all known sub- 
stances, yet it may be split by a steel tool, provided a blow be applied ; but this requires 
a perfect knowledge of the structure, because it will only yield to such means in certaiif 
directions. This circumstance prevents the workman from forming fkcettes or planes 
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generally, by the process of splitting ; be h therefore obliged to resort to the process 
i of abrasion, which is technically called cutting. The process of cutting is effected by 
fixing the diamond to be cut on the end of a stick, or handle, in a small ball of 
Ament, that part which is to be reduced being left to project. Another diamond is 
also fixed in a#similar manner ; and the two stones being rubbed against each other 
with considerable force, they are mutually abraded, flat surfaces, or facettes, being 
thereby produced. Other facettes are formed by shifting the diamonds into fresh 
positions in the cement, and when a sufficient number are produced, they are fit for 
polishing. The stones, when cut, are fixed for this purpose, by imbedding them in soft 
solder, contained in a small copper cup, the part or facette to be polished being left 
to protrude, 

A fiat circular plate of east-iron is then charged with the powder produced during 
( the abrasion of the diamonds ; and by this means a tool is formed which is capable of 
producing the exquisite lustre so much admired on a finely -polished gem. Those 
diamonds that are nnfit for working on account of the imperfection of their lustre or 
colour, are sold, for various purposes, under the technical name of Bort. Stones of 
this kind are frequently broken in a steel mortar, by repeated blows, until they arc 
reduced to a fine powder, which is used to charge metal plates of various kinds, for 
the use of jewellers, lapidaries, and others. Bort, in this state of preparation, is 
incapable of polishing any gems ; bat it is used to produce flat surfaces on rubieB and 
other precious stones. 

Fine drills are made ofsmall splinters of bort, which are used for drilling small holes 
In rubies, and other hard stones, for the use of watch-jewellers, gold and silver wire- 
drawers, and others who require very fine holes drilled in such substances. These 
drills are also used to pierce holes in china, where rivets are to be inserted ; also for 
piercing holes in artificial enamel teeth, or any vitreous substances, however hard. 

The following description furnished to Mr. Tennant, by Messrs. Garrard, of the 
cutting of the Koh-i-noor will fully explain the peculiar conditions of the process, 
and also show that there are some remarkable differences in the physical condition of 
the gem in its different planes. The letters refer to the cut of the Koh-i-noor, article 
Diamond, fig. 644. 

“In cutting diamonds from the rough, the process is so uncertain that the 
cutters think themselves fortunate in retaining one-half the original weight. The 
Koh-i-noor, on its arrival in England, was merely surface cut, no attempt having been 
made to produce the regular form of a brilliant by which alone lastrc is obtained. By 
reference to the figures, which are the exact sise of the Koh-i-noor, it will he clearly 
understood that it was necessary to remove a large portion of the stone in order to 
obtain the desired effect, by which means the apparent surface was increased rather than 
diminished, and the flaws and yellow tinge were removed. 

-The process of diamond cutting is effected by an horirontal iron plate of about 
ten inches diameter, called a schyf, or mill which revolves from two thousand to three 
thousand times per minute. The diamond is fixed in a ball of pewter at the end of 
an arm, resting upon the table in which the plate revolves ; the other end, at which 
the ball containing the diamond is fixed, is pressed upon the wheel by movable weights 
at the discretion of the workmen. The weight applied varies from 2 to 30 lbf . accord- 
ing to the size of the facets intended to be cat. The reeutting of the Koh-i-noor was 
commenced on July 16, 1852, His Grace the late Duke of Wellington being the, first 
person to place it on the mill; the portion first worked upon was that at which.the 
planes p and f meet, as it was necssspry to reduce the st me at that part, and so to level 
the set of the stone before the table could be formed » the intention being to tarn the stone 
wither on one side, and take the incision or flaw at e, and a fracture on the other side of 
the stone, not shown in tbe«engraving, as the boundaries or sides of the girdle. The 
next important step was the attempt to remove an incision or flaw at c, described by 
Professor Tennant and the Rev. W. Mitchell as having been made for the purpose of 
holding the stone more firmly in its setting, hut pronounced by the cutters (after hafii* 
« e«minedit)to be a natural flaw of a yellow tinge!* defect often nftt M 

Wft f afacet on the tfp o«thc stone immediately above 

ft If J? 8 2i ^ tht bartnett of the stone first manifested 

kpidary noticing that the work did not proceed so 
* — i th * dlamond toTem am on the mill rather longer thanusual, with- 

?° t !r tll y j g ”“ t0 fool » the consequence was, that the diamond became so hot (tarn the 
conbnnai frirtton and neater weight applied, that it meted the pewtaff in whi&i it wa, 
imbed ded. Again, while cutting the same facet, the mill became so hot from the ex- 1. 

th t *£"*- that of iron mixed with diamond powder and ' 

•the lanidare m f “"f® . rf diamond proring so hard at this part is, that 

meet cnttni t0 . c ' lt / , f ec dy Q P° n the angle at which two cleavage planee 

**• 0 ® die gram of the stone. Another step that was thus considered to 
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be important by the cotters was removing a flaw at o. This flaw was not thought by 
Professor Tennant and Mr. Mitchell to be dangerous, because if it were allowed to run 
according to the cleavage, it would only take off a small piece, which it was necessary ' 
to remove in order to acquire the present shape. The cutters, however, had an idea 
that it might not take the desired direction, and, therefore, began to cut into it from 
both sides, and afterwards directly upon it, and thus they 'succeeded fa getting rid of 
it. While cutting, the stone appeared to become harder and harderthe farther it was 
cut into, especially just above the flaw at a, which part became so hard, that, after 
working the mill at the medium rate of 8400 times per minute, for six hours, little 
impression had been made ; the speed was therefore increased to more than 8000, at 
which rate the work gradually proceeded. When the back (or former top) of the 
stone was cut, it proved to be much softer, so that a fhcet was made in three hours, 
which wonld have occupied more than a day, if the hardness had been equal to that 
on the other side i nevertheless, the stone afterwards became gradually harder, especi- * 
ally underneath the flaw at ▲, which part was nearly as hard as that directly above 
it. The flaw at H did not interfere at all with the cutting. An attempt was made to 
cut out the flaw at ▲, but it was found not desirable on account of its length. The 
diamond was finished on September 7th, having taken thirty- eight days to cut, workiug 
twelve hours per day without cessation." The weight of the Koh-i-Noor since cut- 
ting is 1621 carats. 

DIAMOND BORON. MM. Wohler and Deville have, by fhsing boracic acid, 
or amorphous boron, with aluminium, succeeded in obtaining boron in the crystallised 
state. “ The form of the boron crystals thus obtained Ufcs been the subject of a 
remarkable inquiry by M. Quintino Sella. His results approximate this substance to 
diamond ; and it may be confidently predicted that so valuable a product will not long 
remain withont industrial applications." Sulie forme crietalline di alcuni eali di 
platino e del boro adamanHno . Dr. Hoffman’s “ Report on Chemical Products in 
the Exhibition of 1862." 

DIAMOND DUST. The use of diamond dust within a few yean has increased 
very materially, on account of the increased demand for all articles that arc wrought 
by it, such as cameos, intaglios, &c. There has been a discovery made of the peculiar 
power of diamond dust upon steel ; it gives the finest edge to all kinds of cutlery, and 
it threatened at one time to displace the hone of Hungary. Finely powdered corundum, 
however, now occupies its place. It is well known that in cutting a diamond, the 
dust is placed on the teeth of the saw — to which it adheres ) to this dust is to be 
attributed solely the power of man to make brilliants from rough diamonds. 

Diamond dust can now be manufactured by the agency of voltaic electricity. 

DIAMOND MICROSCOPES were first suggested by Dr. Goring, and have been 
well executed by Mr. Pritchard. Among the different crystalline fonns of the 
diamond, probably the octahedron and the cube are the only ones that will give a 
single vision. It will, in many cases, be advisable to grind diamond lenses plano-con- 
vex, both because this figure gives a low spherical aberration, and because it saves 
the trouble of grinding one side of the gem. A concave tool of cast iron, paved 
•with diamond powder, hammered into it by a hardened steel punch, was employed 
,by Mr % Pritchard. This ingenious artist succeeded in completing a double convex 
of equal radii, of about ^ of an inch focus, bearing an aperture of ^ of an inch with 
dtyinctness upon opaque objects, and its entire diameter upon transparent ones. 

• DI AMOND TOOLS. 1 . The Glazier's diamond is the natural diamond, so see that 
one of its edges is brought |p bear on the glass. 

The extreme point of any aiamcmd will scratch gfkss, making a white streak ; but when 
the rounded edge of a diamond » slid over a sheet of glass with but slight pressure, 
it produces a cut, which is scarce! v visible, but which readily expends through the mass. 

Dr. Wollaston succeeded in giving to the ruby, topaz, and rock crystal forms similar 
to those of the diamond, and with those he succeeded in cutting glass ; proving that this 
. flheful property of the diamond depended on its form. Although the primitive form 
of theCftiamond is that of a regular octahedron, the Duke de Roumon has published 
upwards of ouc hundred forms of crystallisation of the diamond. The irregular octa- 
hedrons with round facet* are thra proper for glaziers’ diamonds. 

Notwithstanding tho hardness of the diamond, yet, in large glass works, as many as 
one and /Wo dozens are worn out every week : from being convex, they become rapidly 
concave, and the cutting power is lost. 

2. *DmmorM drills are made of various shapes ; these are either found amongst im- 
perfect diamonds, or, areselccted from fragments split off from good stones in their 
manufacture for jewelling. ¥ , 

DIAPER is the name-of a kind of cloth, used chiefly for table linen. It is known 
among the French by the name of toitefourri , and is ornamented with the most extqp- 
sive figures of any kind of twcelcd cloth, exccptiug damask. The mounting of a loom 
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for working diaper is, in principle, xnach the same as a draw-loom, hot the figures being 
less extensive, the mounting is more simple, and is wrought entirely by the weaver, 
i withont the aid of any other person. As tweoled cloths, of any number of leaves, are 
f nly interwoven at those intervals when one of the leaves is raised, the woof above and 
the warp below are kept floating or flushed, until the intersection takes place. Of con- . 
sequence the fl&iting yarn above appears across the fabric, and that below longitudi- 
nally. This property of tweeled cloths is applied to form the ornamental figures of 
all kinds of tweeled goods, merely by reversing the floating yarn when necessary. In 
the simpler patterns, this is effected by a few additional leaves of treddles ; but when 
the range of pattern becomes too great to render this convenient, an apparatus called a 
back fairness is employed, and the cloth woven with this mounting is called diaper. 
Diapers are generally five-leaf tweels, that is to say, every warp floats under four 
t hr eads of woof, and is raised, and of course interwoven with the fifth. This is done 
* either successively, forming diagonals at 4fi° upon the cloth, or by intervals of two 
threads, which is called the broken twecl The latter is generally, if not universally, 
adopted in the manufacture of diaper. The reason of preferring the broken to the 
regular tweel where ornaments are to be formed, is very obvious. The whole depend- 
ing upon reversed flushing, to give the appearance of oblique or diagonal lines through 
either, would destroy much of the effect, and materially injure the beauty of the fabric. 
The broken tweel, on the contrary, restores to the tweeled cloth a great similarity of 
appearance to plain or alternately interwoven fabrics, and at the same time preserves 
the facility of producing ornaments by reversing the flushing. 

DIASTASE. A white and tasteless substance, obtained by moistening pounded 
malt, and sqnecsing the water through a bag. Albumen is precipitated from the tnrhid 
fluid by alcohol, and filtered. Then the diastase is precipitated by an additional quan- 
tity of alcohol, and purified by re-solution and re-precipitation. One part of diastase 
will convert 2000 parts of starch into dextrine, and 1000 parts into sugar. 

DICHHOISM. The property of exhibiting two colours. Many of the phenomena 
belong to the conditions producing Fluorescence, which see. Some of the pheno- 
mena have been referred to polarisation, but this requires examination. 

D1DYMIUM (Di). A metal discovered by Mosandar, in 1841, in oxide of cerium, 
and so called as being associated in that ore as a twin brother with lanthanum. 

The oxide of Didymium (DiO) is a dork brown powder ; the salts are pink, or rose, 
and amethyst or violet. 

DIES FOR STAMPING. (Coins, Fr. ; Munzstampelu, Germ.) The first circum- 
stance that claims particular attention in the manufacture of dies, is the selection of 
the best kind of steel for the purpose, and this must in some measure be left to the 
experience of the die-forger, who, if well skilled in his art, will he able to forma tole- 
rably correct judgment of the fitness of the metal for the purpose, by the manner in 
which it works upon the anvil. It should be rather fine-grained than otherwise, and 
above all things perfectly even and uniform in its texture, and free from spots and 
patches finer or coarser than the general mass. Rut the very fine and uniform steel 
with a silky fracture, which is so much esteemed for some of the purposes of cutlery, 
is unfit for our present purpose, from the extreme facility with which it acquires great* 
hardness by pressure, and its liability to cracks and flaws. The very cross- grained, on- 
highly crystalline steel, is also equally objectionable ; it acquires fissures under the 
die-press, and seldom admits of being equally and properly hardened. The ohj^t, 
therefore, is to select a steel of a medium quality as to fineness of texture, not easily 
acted upon by dilute sulphuric acid,£nd exhibiting an uuiform texture when its surface 
is washed over with a little aquafortil, by which ita freedonL from pins of iron, and 
other irregularities of composition, is sufficiently indicated. 1 

The best kind of steel being thus selected, and properly forged at a high heat into 
the rough die» it is softened by very careful annealing, and in that state, having been 
smoothed externally, and brought to a tabic in the turning lathe, it is delivered to tlic 
engraver. • m 

The process of annealing the die consists in heating it to a bright chefty red, 
and suffering it to cool gradually, which is best effected ty bedding it in a crucible 
or iron pot of coarsely-powdered charcoal. In t£is operation it is sometimes sup- 
posed that the die, or at least its superficial parts, becomes super-carbonised, or 
highly converted steeL as it if sometimes called ; hat experience does not justify 
sooh an opinion, and i believe the composition of the die is scarcely, certainly not 
materially, affected by the process, for it does not remaiifclong enough^n the ffire for 
the purpodh. 

The engraver usually commences his labours by working out the device with small 
steel tools in intaglio ; he rarely begins in relief (though this is sometimes done) ; and 
having ultimately completed his design, and satisfied himself of its general effect and 
correctness, by iiqpressions in clay, and dabs, or casts in type metal, the die is ready 
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for the important operation of hardening, which, from various causes, a few of which 
I shall enumerate, is a process of much risk and difficulty ; for should any accident 
now occur, the labour of many months may be seriously injured, or even rendered* 
quite useless. • 

The process of hardening soft steel is in itself very simple, though not very easily 
explained upon mechanical or chemical principles. We know by experience, that it 
is u property of this highly valuable substance to become excessively hard, if heated 
and suddenly cooled ; if, therefore, we heat a bar of soft malleable and ductile steel red 
hot, and then suddenly quench it in a large quantity of cold water, it not only becomes 
hanl, but fragile and brittle. But as a die is a mass of steel of considerable dimen- 
sions, this hardening is an operation attended by many and peculiar difficulties, more 
especially as we have at the same time to attend to the careful preservation of the 
engraving. This is effected by covering the engraved face of the die with a protecting 
face, composed of fixed oil of any kind, thickened with nnimaUcharcoal ; some per - 9 
sons add pipe-clay, others use a pulp of garlic, but pure lamp-black and linseed oil 
answer the purpose perfectly. This is thiuly spread upon the work of the die, which, 
if requisite, may be further defended by au iron ring ; the die is then placed with its 
face downwards in a crucible, and completely surrounded by animal charcoal It is 
heated to a suitable temperature, that is, about cherry red, and in that statu is taken 
out with proper tongs, and plunged into a body of cold water, of snch magnitude us not 
to become materially increased in temperature ; here it is rapidly moved about, until 
all noise ceases, and then left in the water till quite cool. In this process it should 
produce a bubbling and hissing noise ; if it pipes and singgfwe may generally appre- 
hend a crack or fissure. 

No process has been found to answer better than the above simple and common mode 
of hardening dies, though others have had repeated and fair trials. It has been pro- 
posed to keep up currents and eddies of cold water in the hardening cistern, by means 
of delivery-pipes, coming from a height; and to subject the hot die, with its face 
uppermost, to a sudden and copious current of water, let fall upon it from a large pipe, 
supplied from a high reservoir ; hut these means have not in any way proved more 
successful, either in saving the die, or in giving it any good qualities. It will be recol- 
lected, from the form of the die, that it is n -cessarily ouly, as it were, case-hardened, 
the hardest strata being outside 1 , and the softer ones within, which envelope a core, 
something in the manner of the successive coats of an ouion ; an arrangement which 
we sometimes have an opportunity of seeing displayed in dies which have been smashed 
by a violent blow. 

The hardening having been effected, and the die being for tbe time safe, some fur- 
ther steps may be taken lor its protection ; one of these consists in a very mild kind of 
tempering, produced by putting it into water, gradually raised to the boiling point, 
till heated throughout, and then suffering it gradually to cool This operation renders 
the die less apt to crack in very cold weather. A great safeguard is also obtained by 
thrusting the cold die into a red-hot iron ring, which just fits it in that state, and which, 
by contracting as it cools, keeps its parts together under cousiderable pressure, pre- 
senting the spreading of external cracks and fissures, and often enabling us to employ 
split or die for obtaining punches, which would break to pieces without the protecting 

ri,, R- * . , 

If the die has boon successfully hardened, and the protecting paste has done its duty 
h^ preserving the face from all injury and oxidisement, or burning, as it is usually 
called, it is uow to be clewed and polished, and in this state constitutes what is 
technically called a matrix ; it iirny of course Be used ns a multiplier of medals, coins, 
or impressions, but it iAiot generally thus employed, for fear of accidents happening 
to it in the coining press, and because the artist has sejflom perfected his work upon 
it in this state. It is, therefore, resorted to for the purpose of furnishing a punch, 
or steel impression for relief. For this purpose a proper block of steel is selected, of 
4+ same quality, and with the same precautions os before, and being carefully annealed, 
or snl\qp cd, ig turned like the matrix, perfectly true and flat at the bottom, and ob- 
tusely conical at top. In thi* state, its conical surface is carefully compressed by 
jxiwerful and proper machinery upgfi the matrix, which, being very hard, soon allows 
it to receive the commencement of an impression ; but in thus receiving the impres- 
sion, it bdkomes itself so hard by condensation of texture a% to require during the 
operation to be repeatedly annealed, or softened, otherwise it would split into small 
supcrflbial fisaarcs, or would injure the matrix ; much practical skill is therefore re- 
quired in tuking the improAion, and the punch, at each annealing, must be careftdly 
protected, so that the work may not lie injured. 

Thus, after repeated blows in the die-press, aud frequent annealing, the impression 
from the matrix is at length perfected, or brought completely up, and having bean 
retouched by tbc engraver, is turned, hardened, aud collared, li^e the matrix, of 
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which it it now a complete impression in relief, and, aa we have before said, is called a 
punch. 

i This p un ch becomes an inexhaustible parent of dies, without forth er reference to the 

original matrix ; for now by impressing upon it plugs of soft steel, and by pursuing 
with them an exactly similar operation to that by which the punch itself was obtained, 
we procure impressions from it to any amount, which, of course are fee-similes of the 
matrix, and these dies being turned, hardened, polished, and, if necessary, tempered, 
are employed for the purposes of coinage. 

The distinction between striking medals and common coin is very essential, and the 
work upon the dies is accordingly adjusted to each. Medals are usually in very high 
relief^ and the effect is produced by a succession of blows ; and as the metal in which 
they are struck, be it gold, silver, or copper, acquires considerable hardness at each 
stroke of the press, they are repeatedly annealed during the process of bringing 
r tbem up. In a beantifol medal, which Mr. Wyon executed for the Royal Naval 
College, the obverse represents the head of the King, in very bold relief; it re- 
quired thirty blows of a very powerful press to complete the impression, and it was 
necessary to anneal each medal after every third blow, so that they went ten times into 
the fire for that pnrpose. In striking a coin or medal, the lateral spread of the metal, 
which otherwise would o ose out as it were from between the dies, is prevented by the 
application of a steel collar, accurately turned to the dimensions of the dies, and which, 
when left plain, gives to the edge of the piece a finished and polished appearance ; it is 
semetimes grooved, or milled, or otherwise ornamented, and occasionally lettered, in 
which case it is made in* three separate and movable pieces, confined by a ring, into 
which they are most accurately fitted, and so adjusted that the metal may be forced 
into the letters by its lateral spread, at the came time that the coin receives the blow 
of the screw-press. 

Coins are generally completed by one blow of the coining-press. These presses are 
worked in the Royal Mint by machinery, so contrived that they shall strike, upon an 
average, sixty blows in a minute ; the blank piece, previously properly prepared and 
annealed, being placed between the dies by part of the same mechanism. 

The number of pieces which may be struck by a pair of dies of good steel, pro- 
perly hardened and duly tempered, not nnfrequently amounts at the Mint to between 
one and two hundred thousand ; bnt the average consumption of dies is of course much 
greater, owing to the variable qualities of steel, and to the casualties to which the dies 
are liable; thus, the upper and lower die are sometimes struck together, owing to 
an error in the layer-on, or in that part of the machinery which ought to put the blank 
into its place, but which now and then fails so to do. This accident very commonly 
arises from the boy who superintends the press neglecting to feed the hopper of the 
layer-on with blank pieces. If a die is too hard, it is apt to break or split, and is es- 
pecially antyect to fissures, which ran from letter to letter upon the edge. If too soft, 
it swells, and the collar will not rise and fall upon it, or it sinks in the centre, and the 
work becomes distorted and fruity. He, therefore, who supplies the dies for an exten- 
sive coinage, has many accidents and difficulties to encounter. There are eight presses 
at the Mint, frequently at work for ten hours each day, and the destruction of eight 
pair of dies per day (one pair for each press) may be considered a fair average result, 
though they much more frequently fall short of, than exceed this proportion. It must 
he remembered, that each press produces 3600 pieces per hour ; but making allowance 
for occasional stoppages, we may reckon the daily produce of each press at 30,000 
pieces ; the eight presses, therefore^will furnish a diurnq) average of 240,000 pieces. 

DIES, hardening of. See Steel, hardening of. . 

DIFFUSION. Aa the principles of diffusion are sometinfes involved in processes 
of manufacture, a short notice of the phenomena appears to properly find its place 
in this Dictionary. To no one do we owe so much for elucidating this subject aa to 
Professor Graham, and from his M Elements of Chemistry ” the following notices 
have been selected. When light and heavy gases are mixed together, they 4o» 
not exhibit any tendency to separate again on standing at rest, differing in this 
respect from mixed liquids, many of which speedily separate and arrange themselves 
according to their densities, the lightest nppermoqf, the heraest undermost, aa in the 
familiar example of oil and water, unless they have combined together. This peculiar * 
property of gases has repeatedly been made the subject of careful experiment. Com- 
mon air, for instance, is essentially a mixture of two gases, differing in weight in 
the proportion of 971 to 1,105; hut the air in a tall close tube of glass, several feet in 
length, kept upright in a still place, has been found sensibly the same in composition | 
at the top and bottom of the tube after a lapse of months. Hence, there is no reason 
to imagine that the upper stratum of air differa in composition from the lower, or that 
••tight gas, such as hydrogen, escaping into the atmosphere, will rise and ultimately 
possess the higher regions; suppositions which have been the groundwork of 
meteorological theories at different times. 

The earliest observations wc possess on this subject are those of Dr. Priestley, to 
whom pneumatic chemistry stands so much indebted w.«;« - — * ■ 
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transmit i gu fhrtragh stonenfere tabes, sarroanded by burning fuel, be per- 
ceived that the tabes were porons, and that gas escaped outwards into the fire, while, 
at the same time, the gases of the fire penetrated into the tube, although the gas within 
the tube was in a compressed state. 1 

“ In entering upon this inquiry, I found, first : that gases diffuse into the atmosphere 
and into each other, with different degrees of ease and rapidity. This was observed 
by allowing each gas to diffuse from a bottle into the air tnrougff a narrow tube, 
taking care, when the gas was lighter than the air, that it was allowed to escape from 
the lower part of the vessel, and when heavier from the upper, so that it had on no 
occasion any disposition to flow out, but was constrained to diffuse in opposition to 
the effect of gravity. The result was, that the same volume of different gases 
escapes in times which are exceedingly unequal, but have a relation to the specific 
gravity of the gas. The light gases diffuse or escape most rapidly ; thus, hydrogen 
escapes five times quicker than carbonic acid, which is twenty-two times heavier 
than that gas. Secondly, in an intimate mixture of two gases, the most diffusive gas * 
separates from the other, and leaves in the receiver the greater proportion. Hence, 
by availing ourselves of the tendency of mixed gases to diffuse with different de- 
grees of rapidity, a sort of mechanical separation of gases may be effected. The 
mixture must be allowed to diffuse for a certain time into a confined gaseous or 
vaporous atmosphere, of such a kind as may be afterwards condensed or absorbed with 
facility. 

“ But the nature of the process of diffusion is best illustrated when the gases com- 
municate with each other through minute pores or apertures of insensible magnitude. 

“ A singular observation belonging to this subject was%iade by Professor Dobe- 
reiner, of Jeua, on the escape of hydrogen gas by a fissure or crack in glass receivers. 
Having occaaion to collect large quantities or that light gas, he had accidentally 
made use of a jar with a slight fissure in it. He was surprised that the water in the 
pne um atic trough rose into this jar one and a half inches in twelve hours ; and 
that after twenty-four hours the height of the water was two inches two-thirds 
above the level of that in the trough. During the experiment, neither the height 
of the barometer nor the temperature of the place hod sensibly altered. He 
ascribed the phenomenon to capillary action, and supposed that hydrogen only is 
attracted by the fissures, and escapes through them on account of the extreme small- 
ness of its atoms. It is unnecessary to examine this explanation, as Dobereiner did 
not observe the whole phenomenon. On repeating the experiment, and varying the 
circumstances, it appeared to me that hydrogen never escapes outwards by the fissure 
without a certain portion of air penetrating at the same time inwards, amounting to 
between one-fourth and one-fifih of the volume of the hydrogen which leaves the 
receiver. It was found, by an instrument which admits of much greater precision 
th»n a fissured jar, that when hydrogen gas communicates with the air through such 
a chink, the air and hydrogen exhibit a powerful disposition to exchange pluces with 
each other ; 
of the i 

diffusion-volume to express , . _ 

■ particles, and say that the diffusion- volume of air being 1, that of hydrogen gas is 
,3*83. Now, every gas has a diffusion-volume peculiar to itself, and depending upon 
its specific gravity. Of those gases which are lighter thiui air, the diffusion* volume is 
greater than 1 ; and of those which are heavier, the diffusion-volume is less than 1, 
The diffusion-volumes are, indeed, inversely as the square root of the densities of the 
gases. Hence, the times ofcthe effusion and diffusion of gases follow the same law. 
See Watte’ “ Dictionary of Chemistry," Grthfln’s “ Element, of Chemistry," and 
paper, in “ Philosophical Tratuaction. of the Royal Society.” _ 

DIGESTER i> the name of a kettle or pot of a small dimension., made very 
strong, and mounted with a safety valve in it. top. Papin, the contriver of this appa- 
ratus, used it for subjecting bones, cartilages, &c„ to the solvent action of high-pressure 
, Jtenm. or highly heated water, whereby he proposed to facilitate their digestion m 
the stltaiach. This contrivance is the origin of the French cookery pans, called 
autoclave*, because the lid is «elf-keyed, or becomes steam tight by taming it round 
under clamps or ears at the sides, paving been previously ground with em .«T r “‘J®® 
edge of the pot exactly. In some autoclaves the ltd is merely hud on with a nlletoT 
linen as a lute, and then secured in its place by means of a wSEht 
it. entre from an arch bar above. The safety valve is lolded either! b 7 .* 


in enow irom an «rvn oar uuuvc. , 7 ■' ft.i__.r_, 

placft vertidhlly upon it. ur by s lever of the second kind pressing 

and acted upon by a weifcht which may be made to hear upon any pomtMf its gra 

dU Chevrenl has made a oseftil application of the digester to 

instrument consists of a strong copper cylinder, mto which enters a tig y 

silver, havingits edge turned over at right angles to the axis of tlw cylinder, so as to 
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form the rim of the digester. A segment of a copf er sphere, bJlo lined with silver, 
stops the aperture of the silver cylinder, being applied closely to its rim. It has a 
conical valve pressed with a spiral spring, of any desired force, estimated by a steel- 
c yard. This spring is enclosed within a brass box perforated with four holes, which 
igay be screwed into a tapped orifice in the top of the digester. A tube screwed into 
another hole serves to conduct away the condensible vapours at pleasure into a 
Wonlfe's apparatus. 

DIKA-BREAD. A food made from the fruit of the Mangifera Gabonensis , a 
tree indigenous to the country from Sierra Leone to the Gaboon. It is one of the 
Anacardiacea. White almond kernels are found in the fruit ; these arc bruised and 
pressed to form the Dika-brcad. 

DIKE or DYKE. A wall-like division in rocks, produced by the ejection of 
trapean matter in a fused state from below, through the overlying strata. In many 
places those hard trap rocks stand out above the adjacent rocks, which have been 
<*worn away, presentisg actually the appearance of a massive wall. 

DILATATION. The increase of size produced in bodies by the agency of heat. 
See Expansion. 


DILUVIUM. (Diluvium.) Deluge. Those accumulations of grave] and loose 
materials, which, by some geologists, ore said to have been produced by the action of 
a diluvian wave or deluge, sweeping over the surface of the earth . — LyclL 

DIMITY is a kind of cloth cotton originally impelled from India, and now manu- 
factured in great quantities in various parts of Britain, especially in Lancashire. Dr. 
Johnson calls it dimmily \ and describes it as a kind of fustian. The distinction between 
fustian and dimity scero^to be, that the former designates a common tweelcd cotton 
cloth of a stout fabric, which receives no ornament in the loom, but is most frequently 
dyed after being woven. Dimity is also a Btout cotton cloth, but not usually of so 
thick a texture ; and is ornamented in the loom, either with raised stripes or fancy 
figures : it is seldom dyed, but usually employed white, as for bed and bed-room fur- 
niture. The striped dimities are the most common ; they require less labour in weaving 
than the others ; and the mounting of the loom being more simple, and consequently 
less expensive, they can be sold at much lower rates. 

DIOPTRIC LIGHTHOUSES. See Lighthouses. 

DIORITES. A trap or greenstone rock, in which uUrite replaces orthoclatte. 
Diorites are abundant in the Vosges. See Diastase. 

DIP. When any stratum, mineral vein, or dike, does not lie horizontally it is said 
to dip E. W. N. or S., as the case may be. The angle which it makes with the 
horizon is called the angle of the dip. 

DIPPEL’S ANIMAL OIL. A fetid volatile oil obtained when aniraul sub- 
stances, such as bone, are subjected to distillation. That which is found in commerce 
is obtained in the manufacture of bone-black. 


DIPPING. Ornamental works in brass are usually brightened by a process called 
dipping. After the work has been properly fitted together and the grease removed, 
either by the action of heat, or by boiling in a pearl-ash lye, it is pickltul in a bath of 
dilate aqua fortis. It is then scoured bright with sand and water, and being well 
washed is plunged into the dipping bath, which consists of pure nitrous acid, 
commonly known as dipping aquafortis, for an instant only, and is then well washed 
with cold and hot water to remove every trace of acid from the surface, after which 
the work is put into dry beech or box wood, sawdust, &c., well rubbed until it is quite 
dry, and then burnished and lacquered. See Dead- Dipping. 

DISINFECTANT. A substance which removes the putrid or infected con- 
dition of bodies. It is well not t£ cbnfonnd it with antiseptic, which applies to 
those bodies which prevent putrefaction. The word" disinfectant has lately become 
somewhat uncertain in its meqping, on account of a word being used us its equiva- 
lent, viz. deodoriser. This latter meaus a substance which rcmovcB odours. In 
reality, however, there are no such substances known to us as a cluss. There are 
of course, some substances which destroy certain others having an odour, but in uW 
cases the removal of the smell and the destruction or neutralisation of the bode must 
be simultaneous. There is, however, a large class of fubstances that destroy putre- 
nction, and the namo disinfectant is therefore distinctly mfeded. The eases which 
rise ft-omputrefying bodies are notall capable of being perceived by tlmsenscs in 
their ordinary condition but sometimes they are perceived. A disinfectant puls a 
stop to them and deodofises simultaneously. If any substance were to remove the 
smel l of these gases, it would remove the gases too, as they are inseparable from^heir 
property oP affecting the nose. A deodoriser would therefore be, andfc a disinfectant 
Ot that gas the smell of which it removes. But it has been sueeeswd.bat it nZ 

no'mi.ii^'^UM* 868 * ® me ^> an ^ the most deleterious to pass, they having 
no. smell. Whenever we find snob a class of substances, it will be well to gWe th ”m 
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the name o^-fieodoruiers. Thert^may be some truth in the hypothesis that metallic 
salts remove the sulphur, and by preventing the escape of sulphuretted hydrogen cause 
less odour, without oemplete disinfection. But it appears that the decomposition is 
a prevention of putrefaction in proportion to the removal of that gas in cases where 
it is given out, and it is quite certain that metallic solutions have disinfecting proper 
ties. Any sohition having the effect here supposed would at the least be a partial 
disinfectant, inasmuch as the decomposition would be so far put astop'ib, as to prevent 
at least one obnoxious gas. Uow the others could remain unacted on in this case it is 
difficult to comprehend. To prevent the formation of one gas is to arrest decom 
position or to alter the whole character of the change which is producing the 
gases. The most deleterious of emanations have no smell at all to the ordinary 
senses, and we can only judge of the evil by its results, or the feet that the sub- 
stances capable of producing it are near, or by the analysis of the air. (See Sani- 
tary Arrangements.) The cases where sulphuretted hydrogen accompanies the 
offensive matter, are chiefly connected with fivcal decomposition. This gas is a * 
useful indication of the presence of other substances. So far as is known, the des- 
truction of the one causes the destruction of the other. But the presence of sul- 
phuretted hydrogen is no proof of the presence of infectious matter, nor is its absence 
u proof of the absence of infectious matter, it being only an occasional accompaniment 
When the infectious matter and the odoriferous matter are one, os in the case, as far 
ns we know, of putrid flesh, &c., then to deodorise is to' disinfect. Wc can fiud then 
no line of duty to be performed by deodorisers, and no class of bodies that can bear 
the name, although there may be a few cases where the word may be found convenient. 
If, for example, we destroy one smell by superadding a gSfealer, that might in one 
sense be a deodorising. If we added an acid metallic salt, and removed the sulphu- 
retted hydrogen, letting loose those organic vapours which for awhile accompany 
this act, we might, to those who were not very near, completely destroy smell, and 
still send a substance into the air by no means whol-. somc ; but iu such a case decom- 
position is stopped, at least for a while. The smelling stage is by no means the most 
dangerous, nor has the use of the word demhrise any relation to sanitary matters, 
except in the grossest sense ; it is desirable that persons should look far beyond 
tlie mere indications furnished by the nose, and as in science we can find no deodo- 
risers, so in practice we need not look for ai y in the sense usually given to the word. 
The word may be used for such substances as remove the odour and the putrefaction 
of the moment, but allow them to begin again. Even in this case deodorisers become 
temi>orary disinfectants, which character all removers of smell must more or less 
have. 

Anti8vptic.it , or colytic agents. Substances which prevent decomposition. The words 
colysis aud colytic come from kw\vw, to arrest , restrain , cut short This word was proposed 
by the writer to apply to cases such as are included under antiseptics, autiferments, 
aud similar words. There was needed a word for the general idea. A colytic force 
manifests itself towards living persons in anaesthetics, anodynes, and narcotics, as well 
probably, as in other ways. Coly ties may proluibly act from different causes, but these 
causes not being separately distinguished, a name for the whole class can alone he 
given. The action of colysis is entirely opposed to catalysis , which is a loosening up 
of a compound. Colysis arrests catalysis , as well also as other processes of decom po- 
sition, ordinary oxidation for example. Disinfectants, in their character of restraining 
further decomposition, are included under coly tics. One of the most remarkable sab- 
stances for arresting decomposition is kreasote. It has been used in some condition or 
mixture from the earliest times. The aucient oil of cedar lias Wen called with good 
reason turpcutinc, which has Strong disinfectiuggprAperties, but the word has evidently 
been used in mauy sensed ns there Av many liquids to be obtained from cedar. It is ns»*d 
for the first liquid from the distillation of wood ; aud Berzelius for that reason says 
that the Egyptians used the pyroligneous acid, which, colitainiiig some kreasote, was 
n great antiseptic. But a mixture of this acid with soda would W of little value in 
embalming, nor is it probable that they would add a volatile liquid like turi>entme 
•long with caustic soda. It is expressly said (in Pliny) that the pitch was reboiled, 
or, in otner words, the tar was boiled and distilled, the product Wing collected in the 
wool of fleeces, from wbiefe ugaiu it was removed by pressure. In doing this the 
light oils or naphtha would W efkiporated, and the heavy oil of tar, containing 
the carbolic acid, or kreasote, would remain. It was called picenum, as if made 
of pitch or pissenum, and pissclecum or pitch oil, a more appropriate name than that 
of Kungc’s carbolic acid or coal-oil, and still more appropriate than the most recent, 
which, oy following up a theory, lias converted it into plicnic acid. The distillation 
was made in copper vessels, and must have been carried very far, as they obtained 
“a reddish pitch, very clammy, and much futterthan other pitch.". This was the 
anthracene , chrysene* and pyrene of modern chemistry. The remaining hard pitchy 
was called pulimpissa ^ or secoud pitch, which we call pitch in contradistinction 
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to tar. Bj the second pitch, however, was sometime meant the prodnet of distillation 
instead of what was left in the stilL Some confusion therefore exists in the names, 
hat not more than with us. The pitch oil was resinous fot, and of yellow colour, 
r according to some. This oil, containing kreasote, was used for toothache — a eoly tic 
action applied to living bodies — and for skin diseases of cattle, for which it is 
found valuable. They also used it for preserving hams. — (“ Disinfectant*” by the 
Writer. Jowr. (t 8oc. of Arte , 1857.) 

It is quite possible that kreasote may be the chief agent in most empyreomatie 
substances which act as antiseptics. But it is not the only agent Hydrocarbons of 
various kinds act as antiseptics, as well as alcohol and methylic alcohol, which contain 
little oxygen. To this class belong essential oils and substances termed perfumes, 
which are used for ftimigation, and have also a colytic action. It is exceedingly 
probable that the true theory of this action is connected with the want of oxygen. 
These substances do not rapidly oxidise, but on the contrary, only very slowly, and 
'* that chiefly by the aid of other bodies. Their atoms are, therefore, in a state of 
tension, ready to unite when assisted. As an example, carbolic acid and kreasote 
unite with oxygen when a base is present and form rosolic acid. We can scarcely 
suppose that an explanation, commonly resorted to in the case of sulphurous acid, 
would suit them ; vis., that it takes up the oxygen, and so keeps it from the putre- 
scible substance. It is, therefore, much more likely that its condition acts on the 
putresclble body. For, as foe state of motion of a putrefying substance is trans- 
ferred to another, so is the state of immobility. 

In 1750 Sir John Pringle wrote his M Experiments on Septic and Antiseptic 
Substances, with remark) relating to their Use in foe Theory of Medicine." He 
recommended salts of various kinds, and astringent and gummy parts of vegetables 
and fermenting liquors. Dr. Macbride followed him with numerous experiments. 
He speaks of acids being the long prescribed agents as antiseptics. He found them 
antiseptio even when diluted. to a great extent. Alkalies also he found antiseptic, 
and salts in general. Also “ gum-resins, such as myrrh, asafoBtida, aloes, and terra 
japonica," besides u decoctions of Virginia snake-root, pepper, ginger, saffron, con- 
trayerva root, sage, valerian root, and rhnbarb, with mint, angelica, senna, and 
common wormwood." Many of foe common vegetables also were included as to 
some extent antiseptic ; such as horse-radish, mustard, carrots, turnips, garlic, onions, 
celery, cabbage, colewort. Lime was found to prevent, but not to remove putrefac- 
tion. We are inclined at present very much to qualify some of these observations. 
Animal fluids, he observes, will remain for a long time without putridity if kept 
from the air. He says that astringent mineral acids and ardent spirits “ not only 
absorb foe matter from the putrescent substances, but likewise crisp up its fibres, and 
thereby render it so hard and durable that no change of combination will take place 
for many years." He adds also molasses to foe antiseptics. In 1767 the academy of 
Djjon gave a prise for the use of nitrate of potash in ventilation. This may have given 
the first idea to Carmichael Smyth. Guyton-Morveau came later with a volume of 
valuable experients on acids. 

An antimtic preserves from putrefhetion, but does not necessarily remove foe odour 
caused by that which has previously putrefied. Many of the substances described as 
disinfectants here, might equally be called antiseptics. When they remove the putrid 
matter they are disinfectants, when they prevent decomposition they are antiseptic* 
But when the smell is removed by a substance which is known to destroy putrefactive 
decomposition, and to preserve organic matter entire, then we have the most fooir..igh 
disinfection ; then we know that foe removal of foe smell is merely an indication of foe 
removal of the evil. « 

Disinfectant* are of various kinds. Nature seuns to US', soil as one of the most 
active. Allthe dejecta of foe animals on foe surface of foe earth fall on the soil, 
and are rapidly made perfectly innoxious. Absorption distinguishes porous bodies, 
and foe soil has peculiar fhcilities for the purpose. But if saturated, it could disin- 
fect no longer. This is not allowed to occur ; foe soli absorbs air also, and oxidises foe 
organic matter which it has received into its pores, and the offensive matter is by fhl* 
means either converted into food for plants, or is made an innocent ingredient ftthe air, 
or, if the weather be moist, of foe water. The air is tb.refore, in conjunction with 
the soil, one of foe greatest disinfectants, but it acts also quite alone and independent of 
the soil Its power of oxidising most be very great The amount of organic effluvium 
sent into large to whs is remarkable, and yet it seldom accumulates so as to be 
strongly perceptible to foe senses. The air oxidises it almost as rapidly as it rises ; 
this is hastened apparently by the peculiar agent ini the air, ozonn, which has a 
greater capacity of oxidation than the common air ; when this is exhausted it is 
highly probable that foe oxidation will be much slower, and this exhaustion does 
take place in a veiy short time. So rapid is the oxidation, that the wind, even 
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blowing at the rate bf about fifteen to twenty miles an hoar, it entirely deprived of 
its osone by patting over lest than a mile of Manchester. In London this does not 
take place so rapidly, at least near the Thames. But when the osone it removed, it is 
probable that the rate of increase of the organic matter will be much greater. Wo 
may by this means, then, readily gauge the condition of a town up to a certain point 
by the removal of the osone t but it requires another agent to gauge ft afterwards or 
thoroughly. It is in connection with each other that the air and the soil best dis- 
infect When manure is thrown upon land without mixing with the seal, it may 
require a very long period to obtain thorough disinfection, but when the atmosphere 
is moist, or rain fells, then the air is rapidly transferred into every portion of the 
porous earth, and the organic matter becomes rapidly oxidised. To prevent a 
smell of manure, and with it also the loss of ammonia, it is then needfkl that as soon 
as possible the manure should be mixed with the soil. The same power of oxidation 
is common to all porous bodies, to charcoal, and especially, as Dr. Stcnhouse has # 
shown, to platinised charcoal Disinfection by the use of porouff bodies is not a pro- 
cess of preservation, hut of slow destruction. It is an oxidation in which all the 
escaping gases arc so thoroughly oxidised, that none of them have any smell or any 
offensive property. But being so, the body disinfected must necessarily decay, and 
in reality the process of decay is remarkably increased. All such bodies must there- 
fore be avoided when manures are to be disinfected, and when they arc not to be put 
on the land immediately. Stenhouse has employed charcoal for disinfecting the air. 
The air is passed through the charcoal either on a large scale for a hospital or on a 
small scale as a respirator for the mouth. Core must be taken, however, to keep 
the charcoal dry : wet charcoal is not capable of absorbing air until that air is 
dissolved in the water. This solution takes place less rapidly in water. Wet char- 
coal is therefore a filter for fluids chiefly, and dry charcoal for vapours. Its destruc- 
tive action on manures will, however, always prevent charcoal from being much 
used as a disinfectant for such purposes, or, indeed, any other substance which acts 
principally by its porosity or by oxidation. This the soil does only partially, as it 
has another power, via. that of retaining organic substances fit to be the food of 
plants. Although air acts partly in conjunction with the soil and the rain to canae 
disinfection, and partly by its own power, it also acts mechanically as a means of 
removing all noxious vapours. The wind and other currents of the air are continually 
ventilating the ground, and when these movements are not sufficiently rapid, or when 
they are interrnpted by our mode of building, wc are compelled to canse them 
artificially, and thus we arrive at the art of ventilation. The addition of one-tenth 
of a per cent of carbonic acid to the air may be perceived, at least if accompanied 
with the amount of organic matter usually given out at the same time in the breath, 
and as we exhale in a day IS — 16 cubic feet of that gas, we can injure the quality of 
16,000 cubic feet of air in that time. The great value of a constant change of 
air is therefore readily proved, and the instinctive love which we have of fresh air 
is a sufficient corroboration. 

Cold is a great natural disinfectant. The flesh of animals may be preserved as far 
as we know for thousands of years in ice ; putrefying emanations are completely 
hrrested by freezing, but the mobility of the particles, or chemical action, is also 
retarded by a degree of cold much less than freezing, and beginning at 54° Fahr. 

Heat is also a disinfectant, when it rises to about 140° of Fahrenheit, according to 
Da Henry. Bat as a means of producing dryness it is a disinfectant at various 
temperatures. Nothing which is perfectly dry can undergo putrefaction. On the other 
liand heat with moisture belaw 140° is a condi^joi* very highly productive of decom- 
]Hisition and all its resuming evils » L>isinf**ctiouby heat is used at quarantine stations. 
Light is undoubtedly a great disinfectant; so far as we know, it acts by hastening che- 
mical decomposition. In all cases of ventilation, it is essential to allow the rays of light 
to enter with the currents of air. Iis effect on the vitality of (he human being is abun- 
dantly proved, and is continually asserting itself in vegetation. The true disinfecting 
^ftpertv of light exists in all probability in the chemical rays which cause compo* 
sitions mid decompositions. Wuter, however, is of all natural disinfectants the most 
manageable, and there is n# on? capable of taking its place actively. Wherever animals 
even human beings, live, there are emanations of organic matter, even from the purest. 
The wholg surface of the house, furniture, floor, and walls, becomes coated by degrees 
with a thin covering, and this gradually decomposes, and gives*!? unpleasant vapours. 
Sume^pies it becomes planted with fungi, and so feeds plants of this kind. But long 
before this ocAirs a small amount of va]>our is given off sufficiently disagreeable to 
affect the senses, and sometimes affecting the spirits and the health before the senses 
distinctly perceive it This must be removed. In most cases this filings removed by 
water, and we have the ordinary result of household cleanliness ; but in other cases 
when the furniture is such as will be injured by water, the removal is made by friction 
or by oil or turpentine, and other substances used to polish. Water ms a disinfretaut 
VOL. II. 1) 
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is used also in washing of clothes, for this purpose Nothing whttover can supply its 
place, although it requires the assistance both of soap and friction, or agitation and 
heat Water is also used as a mechanical agent for removing filth, and the method 
which Hercules devised of using a river to wash away filth, is now adopted in all the 
ftost advanced plans of cleansing towns. It is only by means of water that the refuse 
of towns can be conveyed away in covered and impervious passages, whilst none what- 
ever is allowed to remain in the town itself. In cases where this cannot be done, it 
is much to be desired that sotne disinfecting agent should be used to prevent decom- 
position. Where water is not used, as in water-closets, there must of course be a great 
amount of matter stored up in middens, and the town is of coane continually exposed 
to the effluvia. Besides these methods of acting, water disinfects partly by preventing 
effluvia from arising from bodies* simply because it keeps them in solution. This 
action is not a perfect one, but one of great value. The water gives off the impurity 
r slowly, sometimes so slowly as to be of no injury, or it keeps it so long that complete 
oxidation takes place. The oxygen for this purpose is supplied by the air, which the 
water absorbs without ceasing. To act in this way, water must be delivered in 
abundance. Bodies decompose rapidly under water, and it acts also as a great 
opponent to disinfection by rising up in vapour loaded with the products of decom- 
position. , . 

Mere drying is known to arrest decay, as the mobility of the particles in decompo- 
sition is stayed by the want of water. We are told in Andersson’B travels in &. Africa, 
tliat the Damaras cut their meat into strips, and dry it in the sun, by which means it is 
preserved fresh. A similar custom is found in S. America. Certain days prevent 
this, and decomposition sets in rapidly. A little overclouding of the sky, or a little 
more moisture in the air, quickly stops the process. 

The above may be called natural disinfectants, or imitations of natural processes, 
charcoal being introduced os an example of a more decided character of porous uction. 
They show both mechanical and chemical action. The mechanical, when water or air 
removes, dilutes, or covers the septic Indies : the chemical, when porous bodies act iu* 
conveyers of oxygen : or an union of both, when cold and heat prevent the mobility of 
the particles. The action by oxidation causes a destruction of the offensive material. 
The other method is antiseptic. It is much to be desired that all impurities should be 
got rid of by some of these methods, but especially by the air, the water, and the soil. 
There are, however, conditions in which difficulties interfere with the action. I.argc* 
towns may be purified by water, but what is to be done with the water which contains 
all the impurity? If put upon land, it is very soon disinfected, but on its way to the 
land it may do much mischief It has been proposed to disinfect it on its passage, 
and even in the sewers themselves ; by this means the town itself is freed from the 
nuisance, and the water may be used where it is needed without fear. This intro- 
duces artificial disinfectants. There are other cases where such are required ; when 
the refuse matter of a town is allowed to lie either in exposed or in underground 
receptacles; in this case a town is exposed to an immense Burfacc of impurity, and 
disinfectants would greatly diminish the evil, if not entirely remove it. There are 
besides, special cases without end continually occurring, where impurities cannot be 
at once removed, and whare treatment with artificial disinfectants is required. 

Artificial disinfectants which destroy the compound, are of various kinds. Fire is 
one of the most powerful. A putrid body, when heated so as to be deprived of all 
volatile particles, cannot any longer decompose. It is however possible that ,tlie 
vapours may become putrid, and if not carefully treated, this will happen. It was the 
custom of some of the wealthy amQng the ancients to Inrrn the dead, and it is still the 
custom in India; but although the form is kept up$mongst qll classes, the expense is 
too great for the poor. The bodies are singed, or even less touched by fire, and 
thrown if possible Into tho rirer. This process has been recommended here, but the 
quality of the gaseous matter rising from a dead body, is most disgusting to our 
physical, and still more to our moral senses, and the amount is enormous. It is of 
course possible so to burn it, that only pure carbonic acid, water, and nitrogjr 
shall escape, but the probability of preventing all escape is small enongli to bfe deemed 
an impossibility, and the escape of one per cent wduld $ause a rising of the whole 
neighbourhood. To effect the combustion of the d?ad of a great city, such a large work, 
furnished with great and powerful furnaces, would be required, that it would add one 
of the most frightful *lots to modem civilisation, instead of the calm and peaceful 
churchyard where our bones are preserved os long at least as those who care for us live, 
wad theq gradually return to the earth. In burning tfic dead somd prefer to bum 
the whole body to pure ash. This was the ancient method; but it is highly probable 
that the ashes which they obtained were a delusion in most cases. The amount of * 
ash found in the urns, is often extremely smull The body canuot be reduced to an 
infinitesimal ash, as is supposed; eight to twelve pounds of matter remain from an aver- 
age man when sfl is over. A second plan, is to drive off all volatile matter, and leave 
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a cinder. This disgusting plan leaves the body black and incorruptible. It can never, 
in any time known to ns, mix with its mother earth, and yet ceases at once to 
resemble humanity in the slightest degree; it will not even for a long time assist us 9 
by adding its composition to the fertility of the soil. The homing of bodies uedfer 
could have been general, and never can be general. Fire has only a limited use as a 
disinfectant. It cannot be used in the daily disinfection of the dejecta of animals, and 
is applied only occasionally, where the most rapid destruction is the most desirable, either 
because the substance has no value, or it is too disgusting to exist, or the products after 
burning are not offensive. There are two methods of using fire, charring or burning 
to ashes. The second is an act of 

Oxidation , — This is effected either by rapid combustion called fire ; by slow com- 
bustion, the natural action of the air ; or by chemical agency, sometimes assisted by 
mechanical. Slow oxidation in the soil is a process which is desirable in every re- # 

r st, and it would be well if we could bring all offensive matter into this condition; 

ammonia is preserved, or it is in part oxidised into nitric acid and water, both 
the ammonia and nitric acid being food for plants. Sometimes this process is hastened 
by mixing up the manure with alkaline substances, raising it in heaps, and watering, 
by this means forming nitrates, a process performed abundantly in warm countries 
upon the materials of plants and animals, and imitated even in temperate regions with 
success. This amount of oxidation destroys a good deal of the carbonaceous substances, 
aud leaves less for the land. It is only valuable when Baltpetre is to be prepared. 

One of the most thorough methods of oxidation, is by the use of the monganates or 
permanganates. They transfer their oxygen to organic suretances with great rapidity, 
and completely destroy them. They are therefore complete disinfectants. They 
destroy the odour of putrid matter rapidly, and oxidise sulphuretted hydrogen, aud 
phosphuretted hydrogen, as well as purely organic substances. As they do this by 
oxidation at a low temperature, they are the mildest form of the destructive disinfec- 
tants, and their application to putrid liquids of every kind will give most satisfactory 
results. The quantities treated at a time should not be great, aud the amount of 
material used must be only to the point of stopping the smell, or at least not much 
more, because both pure and impure matter act on the manganutes, urd an enormous 
amount of the material may be used in destroying that which is not at all offensive. 
The manganatcs do not prevent decay from beginning again. Their use has been 
patented by Mr. Condy. A similar action takes place with various high oxides and 
oilier oxides which are not high. Sometimes, however, a deleterious gas is produced 
as a secondary result by oxidation, as when sulphuric acid in the sulphates oxidises 
organic matter, allowing sulphuretted hydrogen to escape. In this case it is highly 
probable that a true disinfection takes place, or a destruction of the putrid substance, 
aud all offensive purely organic substances; still the amount of sulphuretted hydrogen 
given ofl, is of itself sufficiently offensive and deleterious, although not properly 
speaking an infectious or putrid gas, but on occasional accom;«nimcnt. 

Nitric acid is another agent of destruction or oxidation, although it has qualities 
which might cause it to be ranked amongst those which prevent the decomposition by 
entering into new combinations. But properly speaking, it is not nitric acid which is 
the disinfectant of Carmichael Smyth, but nitric oxide, which is a powerful oxidiscr, 
and most rapidly destroys organic matter. For very bad cases, in which gaseous 
fumigation is applicable, nothing can be more rapid and effective in its action than 
thft gas. Care must be taken that there is no one present to breathe it, as it has a 
}>owerftil action on the lunga. aud care must he tofcen that metallic surfaces which are 
to be preserved clean, be well covered with a cSating of varnish. This was used with 
great effect in eliips aucftiospitals Tor some years, beginning with 1780, and so much 
good did it do, that the Parliament in 1802 voted Dr.sC. Suyth a. pension for it. 
Guyton-Morveau was vexed at this, and wrote an interesting volume concerning his 
mode of fumigating by acids; but in reality acids alone are insufficient, and bis f;t- 
vqprite muriatic acid has no such effect as nitrous fumes, which so readily part with 
uieir oawgen. On the whole, nitrous fumes are too dangerous for general use. 

.Chlorine is another destructive agent, and its peculiar action may be called au 
oxidation. When used as ii gas, it l^s a great power of penetration, like nitrous fumes, 
and stops all putrefaction. It has a more actively destructive power than oxygen 
alone, eveif when its action is that of oxidation only. It decomposes compounds of 
ammonia into water and nitrogen, aud as putrefactive matter is united with, or com- 
posed partly ofmitrogen, it c^stroys the very germ of the evil. By the same power 
it destroys the most expensive part of a manure, the ammonia. It cannot therefore 
be used where the offensive matter is to be retained for manure. When chlorine is 
united with lime or soda, it may be used either as a powder in the first case, or as a 
liquid in either case. For direct application to the offensive substances a aolutiou 
is used, or the powder. This latter acts exactly as the gaseous chlorine, but the 
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■power of destroying ammonia is greater. Ai a liquid, it acts too'Yapidly ; as a solid* 
the chloride of lime soon attracts moisture, and soon loses its power. Some people 
» nse the chloride of lime as a source of chlorine j they pour sulphuric acid on it, and so 
c^pse it to give out chlorine, which escapes as a gas, and acts as aforesaid. Too much 
is given out at first, too little at last It is said to have increased the lung diseases at 
hospitals, whereat was much used in Paris. When only a minute quantity of gas is 
given out, as at bleach works, it certainly causes a peculiar freshness of feeling, and 
the appearance of the people is much in its favour, nor has it ever there been known 
to affect the lungs. For violent action, in cases of great impurity, it is a great dis- 
infectant, and to be preferred to nitrous fumes, probably causing a less powerful 
action on the lungs. Mixed with alum, without ammonia, it gives off chlorine slowly. 
JSau dejavttle is a chloride of potash used in Paris. Sometimes oxygen, or at least 
air, is used alone, to remove both colour and smell, oils having it pumped into them. 
(Sometimes acids aloqg are used for disinfection. As putrid compounds contain am- 
monia or organic bases, they may be removed, or at least they may be retained in 
combination, and in this way restrained from further evaporation. This seems to 
be the way in which muriatic acid acts, and all other merely acid agents. This acid, 
so much valued at one time, is now entirely disused, as it ought to be, because it is ex- 
ceedingly disagreeable to breathe, and destructive of nearly all useful substances which 
it touches, being at the same time a very indirect disinfectant. Acids poured on putrid 
matters, no doubt destroy the true putrefaction, but they cause the evolution of gases 
exceedingly nauseous, and of course unwholesome. This evolution does not last long, 
hat long enough to makeChem useless as disinfectants when used so strong. Vinegar 
is the best of the purely acid disinfectants ; wood vinegar the best of the vinegars, 
because it unites to the acidity a little kreosote. Vinegar is a very old and well 
established agent ; it has been used in the case of plague and various pestilences from 
time immemorial. It is used to preserve eatables of various kinds. For fumigation 
no aoid vapour used is pleasant except vinegar, and in cases where the impurity is 
tot of the most violent kind, it may be used with great advantage. Even this how- 
ever acts on some bright surfaces, a disadvantage attending most ftunigations. 

Sulphurous acid , or the fhmes of burning sulphur, may be treated under this head, 
although in reality it docs not act as a mere acid combining with a base and doing no 
more. It certainly unites with bases so that it has the advantage of anweid, hut it 
also decomposes by precipitating its sulphur, as when it meets sulphuretted hydrogen. 
It therefore acts as an oxidiser in some cases, hut it is generally believed, from its 
desire to obtain oxygen, that it acts by being oxidised, thus showing the peculiar 
characteristics of a deoxidiser. We can certainly believe that bodies may be disiu- 
fected both by oxidation and deoxidation. The solutions of sulphurous acid act as a 
restraint on oxidation, and preserve like vinegar. Its compounds with bases, such 
as its salts of soda, potash, &c. t preserve also like vinegar, saltpetre. See. ; probably 
from their affinity for oxy/jen, taking what comes into the liquid before the organic 
matter can obtain it. But it is not probable that this rivalry exists to a great extent- 
the presence of the sulphurous acid in all probability puts some of the particles of oxy- 
gen in the organic matter in a state of tension or inclination to combine with it, so 
that the tension of the particles which are inclined to combine with the oxvcen of the 
air is removed. 


Sulphurfhmes are amongst the most ancient disinfectants held sacred in early times 
ftpw S 1 2i eir J 0 pderful efficacy, and still surpassed by none. With sulphur the shepherd 
disinfected his flocks, and with sulphur Ulysses disinfected the suitors which 
“ e ™ k ,B house. ^ No aeffi ftimigation is less Usurious generally, vinegar ex- 

alth^Jh f T lt - Ure ’ 118 8 ! x ‘ at efficicr % marks K out as the mo*t dcSTrable, 

although much laid aside ul modern times. The amount arising from burning coni 
rcuathaye a great effect in Jisinfecting the putrid air of 

'\T* Tegpectt . lc “ “"P'easanl ; this it one of the advantages 
which that substance brings along with it, besides, it must he confessed, greater e'ils. 

?* ' g _ C ,T- U ' {*"• c °rop°“ I >d of tniphnr should be one of the moet efficient aiterfis 

in destroying sulphuretted hydrogen, another compound of sulphnr. Suiphuro u f aci d 

reused, It is desirable no! to use liquid^Te* 

urhich assists alto in removing moisture, as water ia oftdh a ° r* *' powder, 

and disease in stables and cowhouses. When they are used^h^nl dujcomfiirt 
are united with lime and t^mueis vci. . u X m 111 th,i wanner the acids/ 
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amount or illness, Decause the air of the stable is purified. When feces of any kind 
cannot be at once r&ioved by water, as by the water-closet system, the use of this is 
invaluable ; bat it is well to know that the instant removal of impurity by water is 
generally best for houses, however difficult the after problem may be when the river ft 
polluted. In stables and cowhouses this is not the esse, and it is thei^fhat a disinfect- 
ing powder becomes so valuable, although it is true that so many towns are unfor- 
tunately so badly supplied with water-closets that disinfectants are still much wanted 
for the middens. 

It has been proposed to disinfect sewers, as well as sewage, by the same substances ; 
not* however, in the state of a powder. The acids are applied to the sewage water 
in the sewers themselves, and so cause the impure water to pass disinfected through 
the town ; by this means the towns and sewew are purified together. When die 
sewage water is taken out of the town it can be dealt with either by precipitation or ( 
otherwise. As it will cease to be a nuisance, covered passages for it will not re- 
quire to be made. 

Lime is used for precipitating sewage water, and acts as a disinfectant as far as the 
removal of the precipitate extends, and also by absorbing sulphuretted hydrogen, 
which, however, it allows again to pars off gradually. The other substances proposed 
for sewers have chiefly relation to the precipitation, and do not so readily come under 
this article. Charcoal has been mentioned ; alum has been proposed, and it certainly 
does act as a disinfectant and precipitant. None of these substances have been tried 
on a great scale excepting lime, and carbolic acid or tar products, the first at Leicester, 
the second at Carlisle. , 

Absence of air is an antiseptic of great value. The process of preserving meat, 
called Appert’s process, is by putting it in tin vessels with water, boiling off a good 
deal of steam, to drive out the air, and then closing the aperture with solder. 
Schrocder and De Dusch prevented putrefaction for months by allowing no air to 
approach the meat without passing through cotton ; so also veils are found to be a 
protection against some miasmas. Salts, or compounds of acids with bases, are 
valuable antiseptics ; some of them are also disinfectants, that is, they remove the 
state of putrefaction after it has beguile An antiseptic prevents it, but does not neces- 
sarily remove it. Common salt » well known as a preserver of flesh ; uitrate of 
potnsh, or saltpetre, is a still more powerful one. Some of these salts act in a manner 
not noticed when treating of the preceding substances, vix. by removing the water. 
Meat, treated with these salts, gives out its moisture, and a strong solution of 
brine is formed. Chloride of calcium prevents, to some extent, the putrefaction of 
wood. Alum, or the sulphate of alumina, is not a very efficient preserver ; but 
chloride of aluminum seems to have been found more valuable. It is sometimes 
injected iuto animals by the carotid artery and jugular vein. Meat, usually keeps a 
fortnight: if well packed, cleaned, and washed with a solution of chloride of alu. 
minum, it will keep three months. . . - 

But iu reality the salts of the heavier metals arc of more activity as disinfectants. 
It has been supposed that their efficiency arose from their inclination to unite with 
sulphur and phosphorus, and there is no doubt that this is one of their valuable 
properties, by which they are capable of removing a large portion of the impure 
sThell of bodies ; but they have also an inclination to combine with organic substances, 
and by this means they prevent them from undergoing the changes to which they are 
mo* prone. The actual relative value of solutions it is not easy to teH Mort expe- 
riments have been made oiu solutions not sufficiently definite in quantity. 
mercury have betn found liigllly antiseptic. SuOin nit is used for 
the process is known u Ant of K&n’s, or ky an.sing. A win .on i ot Nmmrib 
mate, containing about li per cent of the salt, is pressgd int« the wood «th« 
forcing pump or by means of a vacuum. The albumen is the substance mostapt to 
go into putrefaction, and when in that condition it convey, the action * the wood. II 
is m> doubt by its action on the albumen that the mercury chiefly 
]flbc wood, saturated for four week, in a solution of 1 to 25 water, with the blowing 
salts, were found, after two venra, to he preserved in this order:— l.AVmid alone, 
brown and crumbling. S. # Alum, l*c No. 1. 3. Sulphate of mangan^. lie 1. 
4. Chloride of sine, like 1. 5. Nitrate of lead, somewhat timer. «• *"*!*■"“ 

copper, less* brown, firm. 7. Corrosive sublimate, reddish yol|F* . SL!* was ouite 
In an experiment, in which linen was buried with similar wits. ’“‘I! 

consumed, even#the specimen with corrosive sublimates Other expe 
salts of copper and mercury to protect best.-- Gmelin. 

• Nevertheless, all these metallic salts are found true v 

lions. Chloride of manganese, a substance frequently thrown *J?&^5 l nch^ha 
Gay-Lussac and Mr. Young have shown, with great advanta ge, an d Mr. ” 

shown the value of the acetate of iron. Mr. Bouchenes process issvery peculiai 
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He feeds the tree, when living, with the acetate of iron, by potfrmg it into a trough 
dog around the root The tree, when cot down, has its pores filled with the salt and 
l the albumen in the sap is prevented from decomposing. For preservation of vegetable 
mid animal substances, see Putret action, Prevention of. 
v The chloride of sine of Sir William Burnett is also a valuable disinfectant and has 
more power titan it would seem to possess from the experiments quoted above. 
Wood, cords, and canvass have been preserved by it under water for many years. It 
has the advantage also of being so soluble as to take up less room than most other 
salts, although liquids generally are inconvenient as disinfectants in many places. 

Nitrate of lead is a disinfectant of a similar kind ; it lays hold of sulphur, and the 
base unites with organio compounds. All these metals are too expensive for general 
use, and can only be applied to the preservation of valuable materials. Even iron is 
much too dear to be used as a disinfectant for materials to be thrown on the fields 
r as manure. All ay apt to be very acid, a state to be avoided in a disinfectant, 
unless when it is applied to substances in a very dilute state, or in an active putrid 
state, and giving ont ammonia. — R. A. S. 

This subject is farther developed by the writer in his report to the Cattle Plague 
Commission, 1866. 

DISTILLATION. Distillation consists in the conversion of any substance into 
vapour, in a vessel so arranged that the vapours are condensed again and collected in 
a vessel apart. 

The word is derived from the Latin dis and stillo, I drop, meaning originally to 
drop or fall in drops, and is very applicable to the process, since the condensation 
generally takes place drop wise. 

It is distinguished from sublimation by the confinement of the latter term to cases 
of distillation in which the product is solid, or, in fact, where a solid is vaporised and 
condensed without visible liquefaction. 

a The operation may simply consist in raising the temperature of a mixture suffi- 
ciently to evaporate the volatile ingredients j or it may involve the decomposition of 
the substance heated, and the condensation of the products of decomposition, when it 
is termed destructive distillation ; in most cases of destructive distillation the bodies 
operated upon are solid , and the products liquid or gaseous ; it is then called dry dis- 
tillation. 

In consequence of the diversity of temperatures at which various bodies pass into 
vapour, and also according to the scale on which the operation has to be carried out, 
an almost endless variety of apparatus may be employed. 

Whatever be the variety of form, it consists essentially of three ports,— the retort 
or still, the condenser, and the receiver . 

On the small scale, in the chemical laboratory, distillation is performed in the simplest, 
way by means of the common glass retort a, and receiver b, as in Jig. 651. The great 



advantage* of the glasa retort are that it admits of constant obeervatkm of the ...... 

nale within, that it la acted upon or injured by bat few m ftwtan 

genially with facility, I* diailvant^e ta MSS? V teclevu* 
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represented^ the tffeure ; the pArt to he heated should, moreover, he as uniform in 
point of thickness as possible. The tubulated retort is more liable to crack than the 
plain one, on account of the necessarily greater thickness of the glass in the neigh- a 
hourhood of the tuhulature ; nevertheless it is very convenient on account of tte 
facility which it offers for the introduction of the materials. 

In charging retorts if plain, a funnel with a long stem should be erftployed, to avoid 
soiling the neck with the liquid to be distilled : when a solid has to be introduced it 
is preferable to employ a tubulated retort; and if a powdered solid is to be mixed with 
a fluid it is preferable to introduce the fluid first 

Heat may be applied to the retort either by the argand gas flame, as in Jig. 651, or 
a water, oil, or sand-bath may he employed. 

In distilling various substances, e. < 7 ., sulphuric acid, great inconvenience is expe- 
rienced, and even danger incurred, by the phenomenon termed u bumping.** This 
consists in the accumulation of large bubbles of vapour at the Jmttom of the liquid,* 
which bursting cause a forcible expulsion of the liquid from the retort It is pre- 
vented by the introduction of a few angular fragments of solid matter of such a nature 
as not to be acted upon by the liquid which is to be distilled. Nothing answers this 
purpose better than a piece of platinum foil cut into a fringe, or even a coil of plati- 
num wire introduced into the cold liquid before the distillation is commenced. Even 
with this precaution the distillation of sulphnric acid, which it is often desirable to 
perform for the purpose of its purification, is not unattended with difficulty and 
danger. 

Dr. Mohr suggests the following method*:-— A gloss retort of about two pounds 
capacity, is placed on a cylinder of sheet iron in the centre of a small iron furnace, 
while its neck protrudes through an opening in the side of the furnace (Jig. 653). Ignited 
charcoal is placed round the cylinder, without being allowed to come in contact with 
the glass, and a current of hot air is thus made to play on all parts of the retort 
excepting the bottom, which is protected by its support There is a salve in the flue 
of the furnace for regulating the dranght, and three small doors in the cupola or head, 
for supplying fresh fuel on every side, and for observing the progress of the distil- 
lation. 

Instead of tlie sheet iron cylinder a hessian cmcible may be employed, and this, if 
requisite, elevated by placing it on a brick. If the vapour be very readily condensed, 
nothing more is necessary than to insert the extremity of the retort into a glass receiver 
as in Jig. 651. 

If a more efficient condensing arrangement be requisite, nothing is more convenient 
for use on the small scale than a Liebig's condenser, shown in fig. 654. It consists 
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simply of a long glass tube into which the neck of the retort is fitted, and the opposite 
extremity t»f which passes into the mouth of the receiver ; rqpnd this tube is fitted 
another either of glass or metal, and between the two a current of water is mnde to 
flow, entering ^t a and passing out at b. The temjierature of this water may be 
lowered to any required degfee by putting ice into the reservoir c, or by dissolving 
1 salts in it. (See Freezing.) . 

Even on the small scale it is sometimes necessary to employ distillatory apparatus 
constructed of other materiuls besides glass. 

• Mohr amt Redwood's Practical Pharmacy. 
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Earthenware retorts are now contracted of vefy oonreniezh sixes and shapes. 
There is one kind — which is very usefhl when it is required to pass a gas into the 
l retort at the same time that the distillation is going on, as in the preparation of 
chloride of aluminium, fee. — which has a tube pasting down into it also made of 
earthenware, as in ./So. 655. The closest are of Wedge wood ware, but a common clay 
retort may be made Impermeable to gases, by washing the surface with a solution of 
borax, then oaxefhlly drying and heating them. 

Retorts, or flasks with bent tubes, which screw in Urns (Jig. 656), of copper, are 



employed when it is requisite to produce high temperatures, as for the preparation of 
beniole from bensoic acid and baryta, or in making marsh gas from an acetate, &c. 

In distilling hydrofluoric acid the whole apparatus should be constructed in lead ; 
the receiver consisting of a U-shaped tube of lead, which is fitted with leaden stoppers 
so as to serve for keeping the acid when prepared ; or a receiver of gutta percha may 
be employed with a stopper of the same material. (Fig. 657.) 

For many purposes in the laboratory as, for instance, the preparation of oxygen by 
heating binoxide of manganese, — in the manufacture of potassium, &c. &c., where 
high temperatures are required, the iron bottles in which mercury is imported from 



““Ptoyed, a common gnn-barrel being screwed into them to act as 
deliYery tone or condenaer. {Fig, 658 ) 

quently a «piral (banc. The retort or .till i. <X M n. —XT:-! “ ** 


The «tili u ei^ier heated by an open fire, H in Jig. 658. or. aiia nowrerj common! 
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the ease, by steam. "The atill-pan*f 659) is snrronnded by an outer copper jacket, 
and steam is admitted between them from a steam boiler under any required pres- 
sure. In this way the temperature may be regulated with the greatest nicety. 
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Various adaptations for heating by steam have been appropriately arranged in a 
▼cry convenient form by Mr. Coffey, of Bnnhill Row, Finsbury, in his so-called 
Esculapian Still. It is in fact a veritable multum in parvo, being intended to afford to 
the pharmaceutical chemist the means of conducting the processes of ebullition, distilla- 
tion, evaporation, desiccation, &c., on the small scale, by the heat of a gas-fnmace. 
The following cut (Jig. 660) represents this apparatus. 
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■. a Varner (applied with gas by A flexible tube, o, the boiler or still, i, e« 
evaporating pan fixed over the boiler and forming the top of the eaU-neau. x, i 
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valve for shutting off the steam from i, when it passes through the tnbe m, other- 
wise it would pus through l, and communicate heat to the drying-closet o o. and 
I from thence to the condenser tt. o is a second evaporating pan over the drying- 
closet Another arrangement for distilling by steam is shown in fig. 661. 

• Sometimes also distillation is effected by passing hot steam through a worm con- 
tained within the still* instead of or in addition to, the application of heat from 
without 

The worm or condenser is frequently constructed of earthenware, and set in an 
earthenware vessel, these are very convenient when the operation is not to be con- 
ducted on a very large scale, and only at a moderate temperature. They are now to 
be obtained of all manufacturers of stone-ware articles. More commonly the worm 
is of copper, tin, or copper lined with silver, and in some rare cases where the liquids 
to be distilled act upon both copper and silver, of platinum. ( Fig. 662.) 
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A tube of the shape shown \nfig t 663 is found more convenient than the worm, 
on account of its exposing a larger surface, and also because it can be placed into a 
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veacl of a prismatic form which occupies but little space: the water 
condensation enters at the bottom and passes out at the top employed for 

iJS*”?* C0 * rf T* r i* ^Presented in fig. 664. It consists of two conical -rrm.1. «rf 
metal, of unequal sise the smaller being Axed within the other, and the a P n J teween 
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them dosed at the bottom, The*# are placed in a tab filled with cold water, which 
comes in contact with the inner and outer surfaces of the cones, while the space 
between is occupied by the vapour to be condensed. This condenser is subject tothe 
objection which applies to the common worm, that it cannot be easily and efficiently 
cleaned. a 

To obviate this. Professor Mitscherlich has proposed a very simple modification in 
its form, in which the inner cone is movable, so that, when taken out, the intervening 
space between it and the outer cone can be cleaned, and then the inner cone replaced 
previously to commencing an operation. 

Distillation of Spirit*. — In the manufacture of ardent spirits , the alcoholic liquor 
obtained by fermentation of a saccharine solution is submitted to distillation; the 
alcohol being more volatile than the water passes over first, but invariably a consider- 
able proportion of water is evaporated and condensed with the alcohol. To separate 
this water to the required extent it ia necessary either to submit the product to redis- 
tillation, or to contrive an apparatus such that the product of thft first distillation is 
returned to the still until a spirit of the required strength is obtained. 

One of the earliest and simplest contrivances for effecting the latter object is the still 
invented* by Dorn, which is employed up to the present 3me in Germany (Jig. 665). 
a is the still, heated by the direct action of the fire ; n the head, from which r conveys 
vapour to a small refrigerator, for the purpose of testing the strength of the distillate ; 
e is an ordinary condenser containing worm, &c. The intermediate copper vessel 
answers two purposes; the upper part c forming a heater for the wash, while the lower 
compartment d acts us a rectifier. The heater c, when filial up to the level of the 
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cock m, contains the exact measure of wish for charging the still ; the contents can 
be constantly agitated by the rouser i. The still and heater being both charged, the 
vajxrur will at first be completely condensed in passing through the worm p, and flow- 
ing into D will close the apc^urc. When the contents of c become so hot that no 
more condensation occurs, the vapour will esca^b by bubbling through the liquid in d, 
which latter rapidly becomes heated to the boiling point, and evolves vapours richer 
in alcohol, which in their turn are condensed in e. • 

In this manner, by one operation, spirit containing about 60 per cent, of alcohol is 
obtained. 

m €>f the recent improvements on Dorn's still two only need be described : — Coffey’s, 
which bus in a great measure replaced all others in this country, and Derosne’s, which 
is extensively employed in France. 

Coffey's still far surpasses any of^liose before described. It was patented in 1832, 
and has proved most valuable to the distiller, since it yields the strongest spirit that 
can be obttined on the large scale. 9 

Its objects are twofold : — 1st, to economise the heat, as much as possible, by ex- 
pos$ng*the liqaid to a very extended heated surface ; 2nd, to cause the evaporation 
of the alcohol from the wash’ by passing a current of steam through it 
The wash is pumped from the i4 wash charger " into the worm tube, which passes 
from top to bottom of the rectifier. In circulating through this tube its temperature 
11 raised to a certain extent Arrived at the lust convolution of the tube in the 
rectifier the wash passes by the tube m m in at the top of the u analyipr.” It falls and 
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Improved Apparatus of AZneas Coffey and San*, of Bromley* near Bow* far the Distillation of Spirit. 
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collects upon the top Aelf until tlift overflows, whence it falls on to the second shelf 
and so on to the bottom. All the while steam is passed np from the steam boiler 
through fine holes in the shelves, and through valves opening upwards. As the wash 
gradually descends in the analyser it becomes rapidly weaker, partly from conden- 
sation of the steam which is passed into it, and partly from loss of alcohol, either 1 
evaporated or expelled by the steam ; till, when it arrives at the bottom, it has parted 
with the last traces of spirit. At the same time the vaponr, as it rises through each 
shelf of the analyser, becomes continuously richer in alcohol, and contains less and 
less water in consequence of its condensation ; it then passes from the top of the 
analyser in at the bottom of the lower compartment of the rectifier. Here it ascends 
in a similar way, bubbling through the descending wash, until it arrives at f, above 
which it merely circulates round the earlier windings of the wash pipe, the low tem- 
perature of which condenses the spirit, which, collecting on the shelf at f, flows off 
by the tube into the finished spirit condenser. 

In order still ftarther to economise heat, the water for supplying the boiler is made 
to pass through a long coil of pipe, immersed in boiling hot spent wash, by which 
means its temperature is raised before it enters the boiler. In fact the saving of fuel 
by the employment of this still is so great, that only about three-fourths of the 
quantity in consumed that would be requisite for distilling any given quantity of 
alcohol in the ordinary still ; and Dr. Muspratt estimates that in this way a saving 
will be effected throughout the kingdom of no less than 140,000 tons of coal per 


annum. 

Very few persons have any idea of the enormous siae of some of the distilleries. 
One of Mr. Coffey’s stills at Inverkeithing works off 2000 gallons of wash per hour, 
and one, more recently erected at Leith, upwards of 3000 gallons. 

Derosne's still is vary similar, in the principle of its action, to Coffey's, differing in 
6G7 fact only in the mechanical 

details by means of which the 

H result is obtained. 

It consists of two stills, A 

■n — ■ and b ,fig. 667. The mixture 

Imi^H of steam and alcohol vapour 

from a passes into the liquid 
Wt in b, which it raises to the 

boiling point The vapours 
from n rise through the distil- 
latory column c, and D (the 
2 f rectified tory column); hence 

they traverse the of 

\ jjk tubing in e ( the condenser and 

, , jt " * wine heater ), and the alcohol 

M ^ |H is finally condensed by tra- 

■ versing the worm in l (the 

2 jfl * refrigerator), whence it is deli- 

H vered at z. At the same time 

IHIil a steady current of the ori- 

UUB ginal alcoholic liquor is ad- 

mitted from the reservoir h, 
S| IjX into the exterior portion of the 

wj condenser f, by means of the 

“ * tap, the flow from which is 

1H regulated by the ball cock y. 

fm whilst condensing the spirit 

ftW in the worm the wash has itt 

JUKI, temperature raised, especially 

in the upper part, and tliencc it 
— ; I \vj I 1 • ascends by the tube h into the 

~*~~f * rlizyU * Jv the 1 * n,a !‘ «“«* 

v.. - — k fi9‘ 668 » whert? 11 *■ * tl11 
jZZ rTHi_ • . \ I further heated by the current 

r- — * V I * of heateS alcohol which has 

\ .l, 1 . ~ risen into the worm from the 

-L_. L ■ T*= stills, whilst at the same time 

-LI ij assisting in the condensation 

- - r -~ — , — i ■ — ^ — of the Bpirit After perform- 

ing its office of condensation, 
slid when nearly at the boiling point, the alcoholic liquor passes out by. the tube Z, and 
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is conducted to tbe top of the distillatory column c. Here it trickles down over 
a series of lent*o n ^ M| * discs of metal (shown in /«/. 668), so contrived us to retard its 


668 


gi & 



670 


progress into the still n, and yet permit 
the ascent of the steon£ In this dis- 
tillatory column (c, Jiy. 670) it meets 
the steam rising from the still B. The 
greater part of its alcohol is expelled, 
which, traversing the series of con- 
densers before described, is ultimately 
liquefied and collected at i\ but, to 
complete the rectification, it descends 
into the still b, and, when above a 
certain level (m m), into A, which stills 
being heated by a furnace beneath*, the 
final expulsion of alcohol u accom- 
plished, and the spent liquor run otf 
at 

The details of the construction of 
the apparatus employed in the dis- 
tillation of spirits have been here given, 
since this process is perhaps one of the 
most important of die kind ; but va- 
rious modifications arc employed in 
the distillation of other liquids. 

In some cases, unusually effectual 
condensing arrangements are required, 
as in the manufacture of Ether, Chi-o- 
hofoam, Bisulphide of Carbon, and 
Bichloride of Carbon. 

In others higher temperatures are 
necessary, as in the distillation of sul- 
phuric acid. 

When the liquids to be drilled are acid, or otherwise corrosive, great care lias to 
be taken especially that the worm or other condenser is of a material not acted u]K>n 
by the acid. See Acetic Acid, and Sulphuric Acid. 

The term distillation is sometimes applied to coses of the volatilisation and stf“*'» 
quent condensation of the metals either in their preparation or purification. • 

In cases like mercury, potassium, and sodium, where, they are condensed in the 
liquid state, or visibly pass through this state l&jfore volatilisation, this term is quite 
appropriate ; but where the fusing and vaporising points nearly coincide, as in the 
case of arsenic, the tgnn sublimation would be more suitable. 

Nevertheless it is difficult to draw a precise line of demarcation between the two 
terms ; for in the cases of sine, cadmium, &c., the metals being me.w d before vola- 
tilisation, and condensed likewise in the liquid state, the term is certainly correct. 

For the details of construction of the distillatory apparatus we must refer to the 
articles on these several metals. 

JDutiUatioper dcaccHnun is a term improperly applied to certain cases of distillation 
wnezo the vapour is dense, and may be collected by descending through a tube which 
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nas an opening m ihetop of the distillatory vessels, and descends through the body ot 
the vessel in which the operation of evaporation is going on, being collected below. 

This is clearly merely due to the fact of the vapour being even at a high tempera 
ture more dense than atmospheric air, and might be performed with any body formiu. 
a dense vapour, such as mercury, iodine, sine, &c. 

It has, however, practically been confined to the English process ofjrefiuing sin< 
See Zing. 

The two most remarkable cases in which the process of destrnctive distillation i 
carried out on a manufacturing scale, are the dry distillation of wood, for the mauu 
facturc of wood charcoal, acetic acid, and pyroxilic spirit (which sec); and of coal, fb 
the purpose of obtaining coal gas, and coke. This process will be found fully dc 
scribed m the article on Coal-gas. 

Distillation of Essential Oils or Essences. — The separation of volatile flavonrinj 
oils from plants, &c, by distillation with water, will be fully treated under anothe 
head. See Pkkfumkky, Ebskncks. * 

Fractional Distillation . — A process for the separation of volatile organic substance 
(such as oils) is very extensively employed in our naphtha works under this name. 

If we liave two volatile bodies together, but differing appreciably in their boilin 
points, we find, on snbmittiug them to distillation in a retort, through the tubulatur 
of which u thermometer is fixed, so that its bulb dips into the liqnid, that the ten 
]>crature remains constant (or nearly so) at the point at which the more volatile coi. 
stitueiit of the mixture boils, and the distillate consists chiefly of this more volatil 
ingredient ; and only offer nearly the whole of it lias passt^ over, the temperatui 
rises to the point at which the less volatile body tails. Before this point has bee 
reached, the receiver is changed, and the second distillate collected apart. By sul 
mitting the first product to repeated redistillation, as long as its tailing point reman 
constant, the more volatile constituent of the mixture is ultimately obtained in a stui 
of absolute purity. See Naphtha. 

This method may In fact be adopted when the mixture contains several bodies 
and by changing the receiver with each distinct rise of temperature, and repcatin 
the process several times, a fractional separation of the constituents of the mixture mu 
be effected. — H. M. W. 

DISTILLATION, DESTRUCTIVE. Organic matters may be divided into tw . 
groups, founded on their capability of withstanding high temperatures without under- 
going molecular changes. Bodies that distil unchanged form the one, and those which 
break up into new and simpler forms, the other. The manner in which heat acts 
upon organic substances differs not only with the nature of the matters operated upon, 
but also with the temperature employed. We Bhall study the subject under the 
following heads: — 

1. Apparatus for destructive distillation. 

2. Destructive distillation of vegetable matters. 

3. Destructive distillation of animal matters. 

4. Destructive distillation of ticids. 

5. Destructive distillation of bases. 

6. General remarks. 

*1. Apparatus for destructive distillation. — Destructive distillation on a large scale is 
most conveniently performed in the cast iron retorts nsed in gas works. Where quan- 
tities of materials not exceeding fifteen or twenty pounds are to be operated on, for 
the purpose of research, a more handy apparatus can be made from one of the stout 
east iron pots sold at the iron wharves They art* semi-cylindrical, and have a broad 
flange round the edge. The coverlhould be made to fit in the manner of a saucepan 
lid. The nurture by which the products of distillation age to be carried away should 
be of good sise, and the exit pipe must not i ise too high ubove the top of the pot before 
it turns down again. This is very essential in order to prevent the less volatile portion 
of^hc distillate from condensing and falling back. The exit tube should conduct the 
products a receiver of considerable capacity, and of such a form as to enable the 
solid and fluid portions of the distillate to be easily got at for the purpose of examin- 
ation. From the last vessef another Jube should conduct the more volatile products 
to a good worm supplied with an ample stream of cold water. If it be intended to 
examine th^ gaseous substances yielded by the substances under examination, the exit 
pipe of the worm must ta connected with another apparatus, the nature of which 
must depend on«the class of bodies which are expected to come over. If the most 
volatile portions are expected to be basic, it will be proj»er to allow them to stream 
^through one or more Woulfe’s bottles half tilled with dilute hydrochloric acid. Any 
very volatile hydrocarbons of the OH" family which escape may be arrested by 
means of bromine water contained in another Woulfe’s bottle. The pressure in the 
Woulfe’s bottles must be prevented Irom becoming t<o great, or the lqukugc between 
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the flange of the pot and its cover will be very co&uiderable. !fhe luting may consist 
of finely sifted Stourbridge clay, worked up with a little horse dung. ▲ few heavy 
weights should he placed on various parts of the lid of the pot, so as to keep it close, 
. and render the leakage as little as possible. For the destructive distillation of small 
quantities of substances, I have been accustomed for a long time to employ a small 
still frou a glue pot, and having a copper head made to fit it The luting for 
all temperatures not reaching above 700 may be a mixture of Jths linseed and jth 
almond meal, made into a mass of the consistence of putty. For the apparatus em- 
ployed in the destructive distillation of wood, coal, bones, &c., on the large scale, the 
rations articles in this work on the products obtained from those substances must be 
consulted. ' 

5L Destructive distillation qf vegetable matters , —The principal vegetable matters which 
are distilled on the large scale are wood and coaL We shall consider these separately. 

Destructive disinflation of woodi — The products obtained in the ordinary process of 
working are acetic acid, wood spirit or methylic alcohol, acetone, pyroxanthine, xylite, 
lignine, paraffine, kreosote, or phenicacid, oxyphenic acid, pittacal, several homolognes 
of benaole, with ammonia, and methvlamine. There are also several other bodies 
of which the true nature is imperfectly known. The greater part of the above sub- 
stances are fiilly described in separate articles in this work. See Acetic Acm, I*a- 
airmm, &c. 

Peat appears to yield products almost identical with those from wood. 

Destructive distillation of coal . — The number of substances yielded by the distillation 
of coal is astonishing, fit is very remarkable that the fluid hydrocarbons produced at 
a low temperature are very different to those distilling when a more powerful heat is 
employed. Hie principal fluid hydrocarbons produced by the distillation and subse- 
quent rectification of ordinary gas tar are bcnsole and its homolognes ; see Hydro- 
carbons. Hut if the distillate is procured at as low a temperature as possible, or 
Boghead coal be employed, the naphtha is lighter, and the hydrocarbons which make 
its chief bulk belong to other series. See Naphtha. 

3. Destructive distillation of animal matters . — Hones are the principal animal sub- 
stances distilled on the large scale. The naphthas which come over are excessively 
foetid, and are very troublesome to render clean enough for use. The products con- 
tained in bone oil will be described in the article Naphtha. Horn and wool have 
recently been examined with reference to the basic products yielded on distilling them 
with potash. Horn under these circumstances yields ammonia and amylamine. Wool 
I find to afford ammonia, pyrrol, butylamine, and am^lamiuc. My experiments on 
feathers, made some years ago, although not carried so far as those on wool, appear 
to indicate a very similar decomposition. 

The products yielded by animal matters, when distilled per se , are very different 
to those obtained when a powerful alkali is added previous to the application of 
heat If feathers or wool be distilled alone, a disgustingly foetid gas is evolved 
containing a large quantity of sulphur. Part of the sulphur is in the state of sulphide 
of carbon. But if an alkali be lidded previous to the distillation, the sulphur is re- 
tained, and the odour evolved, although powerful, is by no means offensive. During 
the whole period of the distillation of ordinary organic matters containing nitrogen, 
pyrrol is given off, and may be recognised by the reaction afforded with a slip of deal 
wood dipped in hydrochloric acid. An interesting experiment, showing the formation 
of pyrrol from animal matters, may at any time be made with a lock of hair, 6r the 
feather of a quill. For this purpose the nitrogenous animal matter* is to be placed at 
the bottom or a test tube, and a little filtering paper f* to be placed half way up the 
tube, to prevent the water formed during the Aperimentf'from returning and frac- 
turing the glass. The end of the tube is now to be cautiously heated with a spirit 
lamp, and, as soon as a darlc yellowish smoke is copiously evolved, a slip of deal pre- 
viously moistened with concentrated hydrochloric acid is to be exposed to the vapour. 
In a few seconds the wood will acquire a deep crimson colour. The fact of th%,nre- 
senee of sulphur in wool, hair, or other albuminous compounds of that d<acriptibn 
may he made very evident to an audience by the following experiment Dissolve the 
animal matter in very concentrated solution of potash ih a silver or platinum basin 
with the aid of heat Evaporate to dryness, and raise the heat at the end to fuse the' 
potash and destroy most of the organic matters. When cold, dissolve ia water and 
filter into a flask h«f full of distilled water. To the clear liquid add a little of' Dr 
Playfiiir’s nitroprusside of sodium * a magnificent purple tint will be immediately pro^ 
duced, indicative of the presence of sulphur. A very small quantity of hair or flannel 
will suffice to yield the reaction. f 

The above remarks on destructive distillation apply principally to highly complex 
bodies, the molecular constitution of which is either doubtful, as in the cam of albu 
minous substances, or totally unknown, os with coals and shales. The destructive 
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distillation offagaxtig substances erf comparatively simple constitution, such as acids 
and alkalies, sometimes yields products, the relation of which to the parent substance 
can be dearly made out This holds more especially in the case of organic acids; the 
bases too often yield such complex results, that the decomposition cannot be expressed 
by an equation giving an account of all the products. We shall study a few caser 
separately, 

4. Destructive distillation qf acids . — The destructive distillation of adds takes place 
in a totally different manner, according as we have a base present or the operation is 
carried on without any addition. Many if distilled per m undergo a very simple re- 
action, consisting in the elimination of carbonic acid, and the formation of a pyroacid. 
But if an excess of base be present, the decomposition often results in the formation 
of a ketone (see Acstowx). We shall offer a few examples of these decompositions. 
Gallio add, heated to about 419° Fahr., is decomposed into pyrog&llic and oarbonio 
acids, thus 

C M H «0“ - C«H < 0 # + SCO* 

Gallic add. Pyrogalllc acid. 

There are cases in which the action of heat upon organic acids results in the for- 
mation of two substances, not produced simultaneously, but in two epochs or stages. 
In reactions like this, the first effect is the removal of two equivalents of carbonic 
acid, and by submitting the resulting acid to heat again, two more are separated. 
Under these circumstances, it is the second which is generally called the pyroacid. As 
an example we will take meconio acid which breaks up in the manner seen in the 
annexed equations. * 

CWffO 14 - C n H*O u + SCO 8 * CWHW* - C U BH* + aco* 


Meoonlc add. Comealc add. Commie add. Pyromoconlc add. 

It will be seen that the hydrogen remains unaffected. Perhaps the name pyroeo- 
menic acid would be preferable to pyromeoonic add, inasmuch as it is derived from 
comenic add in the same manner as pyrogallie from gallic add. 

But pyroacids are not always derived from the parent add by the mere elimination 
of carbonic acid; thus mncic add, in passing into pyromudo add, loses two equivalents 
of carbonic add, and six equivalents of water, thusx — 

c » H MO» _ C*HKP + SCO 8 + 6HO 

Mode arid. Pjronudc add. 

It does not invariably happen that the destructive distillation of adds perse results 
in the formation of a pyroacid, the disruption is sometimes more profound, the products 
being numerous and somewhat complex. Let ns take as an illustration a case where all 
the results can be reduced to an equation. Oxalic add, when heated in a retort without 
addition, yields water, oxide of carbon, carbonic and formic adds, in accordance with 
the annexed equation : — 

4(C*0*,H0) - 4CO* + 2CO + 2HO + C'HO 8 HO 


TUc ad mixture of sand, pulverised pumice stone, or any other inert substance in a 
state of fine division, often remarkably assists in rendering the decomposition more 
easy and definite. Thus, if pure sand be mixed with oxalic acid, the quantity of formic 
add is so increased, that the process is sometimes employed in the laboratory as a 
means of affording a puraud tolergbly strong add. 

We have said that the destructive distillation of adds proceeds in a very different 
mnnnpf according as we operate upon the acid itself, or s salt wf the acid. The dis- 
tillation of the pure salt yields different products to thoae which arc obtained when 
the salt or dry add is mixed with a large excess of a dry base (such as quicklime), 
b&me the application of heat It; in the former mode of proceeding, two atoms of 
the add me decomposed, yielding a body containing (for four volumes of vapour, see 
Fomkhjb) the elements of two ftoms of carbonic add and two of water lew than the 
parent add, such body is called a ketone* Thus when two atoms of acetate of lime 
are distilled, the products are one atom of acetone, and two of carbonic add* Of 
course the carbonic add combines with the lime, thus:— 

2 (C 4 H # Ca 0 4 ) - C*HW + 2(CaO,CO*> 

Acetate of lime. Acetous 

If, however, the salt is not of a very low atomic weight, and the quantities operated 
Jo are at all considerable, secondary products are formed, as in the dry di s till a ti o n of 
Vol.II. E 
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butyrate of lime, when« if the substance is not in very small quantity, cartxfti is deposited, 
und ft certain quantity of butyral ((^H'O*) is formed, and probably other substances. 

Aa an illustration of the decomposition undergone when acids are d i sti ll ed with a 
great excess of dry base, we shall select that of bensoic acid, which under the eircqpi- 
allude d to yields benaole and carbonate of the base. 

C^ETO 4 - C“H - + a (CO*) 



5. Destructive distillation of bases. — It has been found that the organic bases undergo 
a much and more direct decomposition when subjected to destructive distilla- 

tion in presence of alkalies than when they are exposed to heat without admixture. 
There are two bodies almost invariably found among the resulting products, namely 
ammonia and pyrroL In this respect, therefore, the organic alkalies behave like 
other nitrogenued animal and vegetable products. The decomposition is almost 
always rather complex, and it is very rare that the products are sufficiently definite 
to be arranged in the form of an equation. The most common substances found, are 
the alcohol bases, and these are almost invariably of low atomic weight One great 
difficulty connected with researches on this subject, is owing to the feet of its being 
seldom that the products are in sufficient quantity to enable a thorough knowledge of 
the molecular constitution to be arrived at Unfortunately this information is much 
wanted in consequence of the numerous cases of isomerism to bo met with among the 
alcohol bases. See Formula, Chemical. Thus it is difficult, when working on 
very small quantities, to distinguish between bimethylamine and ethylamine, both of 
which have the formula^H'N. 

It is remarkable that there is a great similarity between the products of the des- 
tructive distillation of some of the most unlike nitrogenous substances. This is con- 
spicuously seen in the case of bones, or rather the gelatinous tissues of bones, shale 
and coal naphthas, and cinchonine. An inspection of the following table, compiled 
from a paper (by the writer of this article), w On some of tEe Basic Constituents of 
Coal Naphtha/* will render this evident 


Gelatinous Tissues. 

Shale Naphtha. 

Coal Naphtha. 

Cinchonine. 

Pyrrol. 

Pyrrol. 

PyrroL 

PyrroL 

Pyridine. 

Pyridine. 

Pyridine. 

Pyridine. 

Picoline. 

Picoline. 

Picoline. 

Picoline. 

Lutidine. 

Lutidine. 

Lutidine. 

Lutidine. 

Collidine. 

Collidine. 

Parvoline. 

Collidine. 

Collidine. 

_ 

- 

Chinoline. 

Chinoline. 

- 

- 

Lepidine. 

Lepidine. 

- 

• 

Cryptidine. 


Aniline. 

- 

Aniline. 



It is veiy possible that some of the above bases, having the same formula, but de- 
rived from different sources, will, in course of time, prove to be merely isomeric, and 
not absolutely identical. The author of this article has quite recently found that the 
chinoline of coal tar is certainly not identical with that from cinchonine. The ba£e 
from the latter source yields a magnificent and fast blue dye upon silk, when treated 
by a process which gives no reaction if the coal base be substituted. It is unfortunate 
that the reaction is with the latter instead of the former, as it would have added one 
more to the list of gorgeoiu dyeing materials yielded by coal tar. 

6. General Remarks . — The tendency of numerous rteearches, made during the last 
few years, has been to show that there is no organic substance, capable of resisting 
high temperatures, which may not be found to exist among products of destructive 
distillation. By varying the nature of the substance to be distilled, and also the cir 
cumstances under which the operation is conducted, we can obtain an almost infinite 
variety of products. Acids, bases, and neutral substances, solid, liquid, and fluid 
hydrocarbons, organic positive, negative, and derived radicals, organo-metallic bofikn 
— all may be produced by the action of high temperatures on more or l<is compli- 
cated' bodies. Mach has already been done, but tffe f%cts at present accumulated 
relate merely to the superficial and more salienUsubstances. On penetrating further 

below the surfece &r more valuable and interesting facts will come to light C.G W 

DITTANY. Di$iamnus. The fraxinella. See Rutaceje. * 

DIYIDI VI, or Libi Davi 9 is the pod of a leguminous shrub, which is an indigenous 
production of Jamaica, and some parts of South America. Mr. RoStsey obtained a 
mean produce of 6*625 grs. of leather from 60 grs. of dividivi, while the same quantity 
of the best Aleppo galls yielded only a mean prodnee of 4*625. It appears, too , 9 
from Sir Humphry Davy’s estimate, that 60 grs. of dividivi contain 3*0475 grs. or 
5.079 per cent of tannin, and 60 grs. of galls, 2*12704 groins, or 3*450 per cent 
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Sixty grs. <#oak bark yielded ordy 1-75 grain* of leather ; whence it follows that : 
contains bat 0*805 or a grain of t annin to the drachm, or not more than 1*34166. 

It has been tried as a dye instead of galls or sumach, bat its ase for this purpose ! 
almost entirely abandoned. See Leathbb. 

Dividivi imported in 1863 and 1864 : — im 18G4 


From Cumqoa 

Tons. 

Computed 
retd value. 

Tons. 

Computed 
• reel value. 

688 

£8,246 

420 

£5,171 

„ New Granada 

- 2,974 

35,988 

626 

7,577 

„ Venesuela - 

171 

1,917 

196 

2,384 

„ Other parts - 

- 85 

473 

76 

953 


8,868 

£46,624 

1,318 

£16,085 


DIVING BELL. As it is frequently desirable to raise objects from the bottom of 
the sea or rivers, and to lay the foundation of piers and similar structures, some con- • 
trivance was desired to enable man to descend below the water, add to sustain himself 
while there. The first method adopted was the very simple one of letting down a 
heavily weighted bell vertically into the water. As the bell descended, the air got 
overpressed, and the water rose in the bell, but never to the top, and within that 
space the man was sustained for some time. The air, however, was vitiated by the 
processes of respiration, and the man had to he drawn np. It is curious to find that 
as early as 1G93 a very complete system of diving without a bell was devised, as the 
following quotation will show. 

a.d. 1693. M William and Mary, by the Grace, &c. &c. ^Whereas John Stapleton, 
gentleman, hath by his great study and cxpence invented a new and extraordinary 
engine of copper, iron, or other mettal, with glasses for light joints, and so contrived as 
to permit a person enclosed to move and walk freely with under water, and yet so 
closely covered over with leather as sufficiently to defend him from all the jumpes of it 
Also invented a way to force air into any depth of water, whereby the person in the 
aforesaid engine may be supplied with a continual current of fresh aire, which not 
only serves him for respiration, but may alsoe be useful for continuing a lamp burning , 
which he may carry about with him in his hand. • * • Likewise a way to 

make the same again serviceable for resp : racon, and by continually repeating the 
nperacon, a man may remain a long time under water, in either of the said engines, 
without any other air than the sayd engines do contaync, whereby he shall be pre- 
served from suffocation if any extraordinary accident should interrupt the current of 
fresh air afore niencSned.” — Letters Patent. Hulls ChapeL Edited by liennet Woodcraft. 

The defects were many in this apparatus, and Dr. Halley invented a bell the object 
cf which was to remedy them. 

Dr. Halley’s bell was of wood coated with lead, and having strong glass windows 
above, to allow the passage of light to the diver. In order to supply air, a barrel was 
taken with an open hole in the bottom, and a weighted hose hanging by, and fitting 
into a hole at the top. From this barrel the air or the bell was supplied as frequently 
&8 it became vitiated, the barrels of air being sent down from above. Spalding im- 
proved upon Halley’s bell, and again Friewald made some improvements on Spalding's, 
byt in principle these bells were all alike. The modern bells are usually large and strong 
iron bells, with windows in the npperpart By means of an air pump, placed on the sur- 
face, air is sent down to the divers in the bell, and the vitiated air is as regularly 
removed from the bell by other tubes through which it escapes. These diving bells 
are lSwercd by means of cranes, and are moved about in the water by those above, 
signals being given by the men l>elow. The difficulty of moving this machine, Tenders 
it still inconvenient, and recem attempts have befci made to obviate this, by the con- 
struction of a diving belF upon principles entirely different. This new diving bell, 
to which the name of The Nautilus has been applied, Jias proved so useful in the 
construction of some parts of the Victoria Docks, and some works on the Seine, that a 
full description of it is appended. 

The nautilus machine is entirely independent of suspension; its movements are 
entirely dependent on the will of those within it, and without reference to those who 
may be stationed without ; it possesses the power of lifting large weights, per «, and 
at the same time is perfectly safe, byxommon care in its operations. This latter is 
the greatest desideratum of all. These advantages must strike all as combining 
those requisites of success which have been always wanting ii^the present known 
means for constructing works under water. 

The form of the machine is not arbitrary, but depends entirely on the assure of 
the work to be performed, adapting itself to the various circumstances attending any 
given position. By reference to the annexed figures it will be perceived that when at 
rest, being entirely enclosed, its displacement of water being greater than its own weight, 

, it mnst float to the surface (see fig- 671). Entering through a man-h ole at the top 
(which is closed either frt>m the inside or outside), yon descend into thsjnteri or of the 

IS 




a smaller pipe e c, which opens through the top of the machine, and to which opwng 
is affixed a flexible pipe, with coils of wire spirally enclosed. Branchsa on this 
latter pipe t, allow also communication with the larger or working chamber. 

At the surfsce of the water placed on a floater Teasel lor the purpose, is a receiver 
of variable dimensions, to which is attached at one end a hollow drum or reel, to the 
barrel of which is ^fixed the other end of the flexible pipe a, leading tb the top of 
the nautilus. At the other end o t, and in connection with the receiver, is a powerful 
air-condensing pump. This combination represents the nautilu* as adap te d to 
engineering work. 

As to the modus operandi : — The operator with his assistants enters the machine/ 
through the top, which is then dosed. To descend, the water- cock b is opened, and 
the external water flows into the chambers w w ; at the same time a cock, on a pipe 
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opening from the chamber! outwards, is opened, in order that, the air escaping, an 
uninterrupted flow of water may take place into the chambers. The weight of water | 
entering the chambers causes a destruction of the buoyancy of the machine, and 
the nautilus gradually sinks. As soon as it is Airly under water, in order thft 
the descent may be quiet and without shock, the water-cock b, is dosed. The re- 
ceiver at the snrfhce being previously charged by the air pump to a density some- 
what greater than that of the water at the depth proposed to attain, one of the 
branch-cocks on the pipe c c, connecting the chambers at top, is opened, and the air 
rushes into the working chamber, gradually condensing until a density equal to the 
density of the water without is attained; this is indicated by proper air and water 
gauges. These gauges marking equal points, showing the equilibrium of forces 
without and within, the cover to the bottom z is removed or raised, and communica- 
tion is made with the under water surface, on which the nautilus is resting. In order • 
to move about in localities where tides or currents do not affect (Aerations, it is only 
necessary for the workman to step out of the bottom of the nautilus, and placing the 
hands against its sides, the operator may move it (by pushing) in any direction. 

Where currents or tides, however, hare sway, it becomes necessary to depend upon 
fixed points from which movements maybe made in any direction. This is accomplished 
by placing, in the bottom of the nautilus, stuffing boxes of peculiar construction (x M, 
fig. 672), through which cables may pass over pulleys to the external sides, thence 
up through tubes (to prevent their being worn), to and over oscillating or swinging 
pulleys, placed in the plane of the centre of gravity of thp nautilus, and thence to 
the points of afflxment respectively (Jig. 678). The object to be gained by having 

673 



the swinging pulleys in Qie plane of the centre St gravity of the mass, is to hold the 
machine steady and to prevent osculation. Within the machine, and directly over the 
above stuffing boxes, are windlasses for winding in the cat 1 **. By working these 
windlasses movement may be effected, and of course the number of these cables will 
depend on the variable character of the situation to be occupied. Having thus 
sasived the means of descending; communicating with the bottom, and of movement, 
the nextfoint is to aaoend. Weight of water has caused a destruction of buoyancy 
at first, and consequent sUku% j if then any portion of this water is removed, an 
ipward effort will at onoe oe exerted exactly proportionate to the weight of water 
brown off. The air in the receiver at the surface being constantly maintained at a 
ligher denfcty than that of the water below, if we open the water cock on the top 
ripe, c,c, throwing the condensed air from the receiver above directly on to the 
lurfheeTof the frater in the chambers, movement and consequent expulsion or the 
rater most take place, and an upward movement of the machin e itself; which will 
rise to the surfkce. 

It is evident that if, previously to the expulsion of the water, the nautilus be affixed 
» any object below, the power exerted on that object will bo exactly proportionate to 
he weight of water expelled, and the power will continue were^amg until, there 
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being no father weight to be thrown of£ the maximum effect ie produced. To apply 
t this power to lifting manes of stone or rock, proper arrangements are affixed to the 
centre of the opening in the bottom, by which connection can be made with tho 




so that it may h* placed in any required position. In the construction of permanent 
work, or the movement of objects whose weight is known, or can be estimated, u 
water, or, so. called, lifting tube is placed on the side of the water chamber, which in- 
dicates the lifting power exercised by the nautilos at any moment The advantage 
of this gauge will be recognised, inasmuch as without it the closest attention of the 
operator, working very cautiously, would be necessary to determine when the weight 
was overcome ; by its aid, however, the operator boldly throws open all tho valves 
necessary to develope the power of the nautilus, watching only the gauge. The 
water, having reached the proper level indicating the required lifting power, he knows 
the weight must be Avercome, or so nearly so that the valve or cocks may he at once 
closed, in . order that the movement may take place horixontally. A moment’s re- 
flection will show that, if there were not an index of this character, carelessness or 
inattention on the part of the operator, by leaving the cocks open too long, might 
develope a power greater than required, and the nautilus would start suddenly up- 
ward. The expansive power of air, acting upon the incompressible fluid, water, 
through the opening in the bottom, £ives a momentum which, by successive de- 
velopments. of expansion in the working chamber, is constantly increasing in ve- 
locity, until, in any considerable depth of water, the result would be undoubtedly 
of a very serious character. Take, for exemplification, the nautilus in thirty-three 
feet of . water, and bottom covers removed, and an equilibrium, at fifteen poundH 
to the inch, existing between the air and the water at the level of the bottom of 
the machine. Upward movement is confmunicated the instant the machine rises 
in the slightest degree, the existing equilibrium is destroyed, and the highly clastic 
qualities of air assume preponderance, exerting, from the rigid surface of the water 
below, an impulsive effort upward in the direction of least resistance. At each suc- 
cessive, moment of upward movement the impelling power increases, owing to the 
increasing disparity between the pressure of air within struggling for escape. The 
machine, thus situated, becomes a marine rocket (in reality), in which the propelling 
power is exhausted only when the surface is reached, and a new equilibrium is ob- 
tained.. It will readily be seen that, were this difficulty not overcome, it would be 
impossible to .govern the nautilus ; for, rising with great velocity to the surface, 
the machine is carried above its ordinary flotation, or water line, a little more air 
escaping owing to the diminished resistance as that level is passed ; the recoil, or 
surging downwards, causes a condensation of the air remaining in the chamber ; 
a portionof the space previously occupied by air is assumed by water ; the buoyant 
power beeom.es less, the machine settles slightly more by condensation of the air, a 
larger space is occupied by water, and the nautilus redescends to the bottom with a 


more or less with* water, according to depth. For many months the difficulties just 
enumerated baffled all attempts at control. A weight attached could be lifted, biH 
the instant it was entirely suspended, — before the valves could be closed, — upw;n?l 
movement was communicated beyond control. This difficulty so faal has been over- 
come by an arrangement at the bottom of tbe nautilus, with channels which 
radiate from the opening in an inclined direction, debouching at the sides of the 
machme. Thc moment then that the air, by its expulsion from diminished resist- 
ance, or by the introduction from above of a greeter volume than can be sustained 
be l? W ’ I ? ach **' ft lts d ° wnward Parage, the level of these chambers, 
^ direcUon of#least resistance, it passes through these channels and 
^^e^the^^t randlDg Wat€r ’ Wlth0Ut of courec the movement of tl.c 

air to ** divin S teH or other suitable vessel is represented 
“ ct ?* tr ?f ed “ follows cylinder, owning atfhe upper 

£"? elambeM * », separated by t petition k. On the aide of 

there “ a TalTe n ^opening inwards, and at tbe upper 
ft® qame . a™ two 1 1* opening outwards into the valve chambers 

°P en . m 8< or Of the jalvea h, h, there is a cop, into whfch the end 

«f the %ater supply pipe x passes j by this means a small stream of water ia aunnlied 
“? 11 d»jn it [“to the chamber r to supply the waAe in th% ot*ra- 
»• vrive chamber o i. covered with a jwkeuThaving a S 
vS*^^ £ ^ T !/ ha S berU,at “ with water 4m t& 

o? ,d """t? “"y off the heat from the conden^ air 
tabes in thedbunW ft™ applied circulates through tho 

* “ d »un d them in the jacket, and thus cools the air in tbese 
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cylinder u by the stroke of the piston c into the 
chamber r, which is thereby filled with water, and 
thns the air is expelled therefrom, a small quan- 
tity of the water passing with it and covering the 
valves, by which means they are kept tight and 
wet. The air and water thus discharged, after 
passing around the small tubes in the valve 
chamber and being cooled, am forced outward 
and conveyed to the condenser. On the retnm 
stroke of tne piston, the other chamber v is filled, 
and air and water expelled from it in like manner 
through its gratae into the valve chamber. There 
is always a sufficient quantity of water in the cy- 
linder i> and chamber w to fill the latter when 
the water is all expelled from the cylinder, by 
the piston c having been driven to one end of it, 
and when the piston returns to the opposite end 
of the cylinder the water flowa in behind it, and 
draws in its equivalent in balk of air and water 
through the valve h. On its return, this is forced 
tut through the valve k into the chamber i, as 
mentioned above. The water being non-elastic, 
if the parts are kept cool qpough to avoid raising 
steam, this process may be continued ibr any length 
of time. A transverse section of this apparatus if 
shown in. fig* 675. 

Figs. 676 and 677 represent the speaking take 
and alarm bell above referred to. The construc- 
tion of this mechanism is as follows : — There is 
a hollow casting, one portion o£ which is trian- 
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gulsr in fo rm, from one end of which a short tube a projects. This tube a his a 
screw out on it, and a projecting flange at its junction with the triangle. This is 
1 screwed into the top of tne 
diving Teasel or armour 
from the inside. and pro- 

jects through it to allow 4^ * 1 ^'- 

the coupling of a flexible 

or other hose to be at- jBt 

taehed to it At the op- w 1||k 

posite angle, and in a line M 

with a, there is a tabular m// * H 

a screw to reoeire a cap f % H 

*to which is to he attached §§ 

a piece of hose. Within J M 

the tube/, and at its June- I P 

tion with 6, is placed a thin 

diaphragm of metal or Vi 

other suitable material e, 

for which purpose, how- 677 

erer, a thin diver plate that 
just fits the bore of the cap 
f is preferred. This difr 
phragm closes all commu- 
nication between the diving 
.▼easel and the external air. 

By this means it is easy to 
con rerse through any re- 
quired length of tubing. It 
may be desirable to fit a 
stop-cock into the tubular 



rupture of the diaphragm. The upper part of the triangular enlargement of the 
speaking tube is tapped for a stuffing box at g t within which there is an axis K which 
runs from side to ride of the said enlargement, and through the staffing box at one side. 
On this axis h is fixed a lever i within the said enlargement, which lever communicates 
with the surface of the water by means of a wire fixed at its reversed end, and running 
through the whole length of pipe. On the outer extremity of the axis h is affixed a 
hammer, which strikes on a bell k connected to die tube, as shown in the drawing. 
By this means the attention of the operator below may be drawn to the speaking tube 
when it is required to converse with him from the surface of the water, and the men 
whose duty it is to attend to the operator below can, ty placing their ear at the end of 
the tube, hear the hell struck be- 

low as a signal for communication ™ 8 

with them at the surface. 

The only parts of the apparatus 
not ye t described are the saw for 
cutting the tops of piles to an uni- 
form level, the pump which enables 
the divers themselves to rise to the 
surface in the event of the flexible 
hose being detached or iqjvred, 
and the contrivance for screwing 
an eye bolt into the side of the 
sunken vessels. 

The arrangement of the saw- 
frame and connections are shown 
injty. 678. Only as modi of the 
bottom of the Nautilus is shown 


bottom of the Nautilus is shown 
as will render the portion of the 
saw anderstood. » isa pile which 
is required to be out down to the 
■ame level as the others, x is the 
Usde of the saw, D the framing 
bywhieh it is stretched, c, d, the 
handle which rats an Jhe cross bar x; to which is attached the upright part of the 
handle which u laid hold of by the workman inside when working the savr h, o, r. 
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a bent lever 'with two fHction rollers at w which guides the saw forwards while 
milking the eat 

The pomp for ascending in case of accident to the air hose is not shown in the 
drawing. It is a simple force pump placed in the working chamber, by which thee 
ballast water in w w, Jig. 678, can be pumped out so as to lighten the apparatus suffi- 
ciently to allow of its ascent * 

The apparatus for fixing the eye bolts is shown in Jig. 679. The operation of this 
apparatus is as follows : — It will be observed the chamber d opens outwards to the 
water, so that when the sliding partition or valve y is forced down by the lever o, the 
communication of the water with the chamber o is cut off. The lid z being removed, 
a bolt i (or other operating tool or instrument) is placed within the cham ber c ; the 
rod A is forced through the stuffing box l until the recessed end of the rod contains 
the end of the bolt; the small rod j is then screwed through the stuffing box a, until 
the screw on the end of this rod has become affixed to the end ofrthe bolt contained 1 
within the recess, at p. The lid z of the chest is then fastened on, and the partition 
or valve jr raised, the stuffing box x preventing the escape of air. Communication is 
thus opened between the chambers a and d, the latter being open outwards. The rod 
i is now pushed outwards by pressing on the handle k through the stuffing box /, 
until the vessel or object to be operated upon is reached, when the operation ib per- 



formed as required. It will be observed that the stuffing box prevents the escai*e of 
air out of the bell or the admission of water into it, the stuffing box a having the same 
tendency. After the operation with the tool or instrument is complete, the rod k is dis- 
connected by unscrewing the rod.;, and is drawn into the chamber a by means of the 
handle k ; the partition or valve y is again lowered, and the operations above described 
a«o repeated. It will hence be obvious that a number of eye bolts might in this manner 
be successfully inserted in the side of a sunken vessel from the diving bell, so that by 
hboking on the “camels rt the strain would be so distributed as to prevent injury by 
the process of lifting the said vessel. 

DIVING DRESS, or HELMET. The diving helmet is, in principle, similar to 
the belL In one case the head is enclosed in an air-tight metal covering, to which 
air is artificially supplied; innhe other, the whole body is in avessel fitted with pipes 
for the supply of fresh, affid the reiioval of deteriorated, air. 

The diving helmet is made of thin sheet copper, which covers the head of the 
diver, large enough to admit of free motion, and pierce<f with three holes, which are 
covered with glass, and protected by brass wire. The diver wears a waterproof 
ernmas jacket, and to this the helmet, which comes down over the breast and back, 
is fosten^L so tightly that no water can penetrate. Two weights, each about 40lbs., 
are suspended to a belt which passes round the diver, one in front, and the other at 
the back. This belt can fib instantly unfastened in case of accident Fresh air is 
supplied by means of a flexible waffirproof pipe, which hi attached to an air-pump 
in the barge from which the diver descends. This pipe passes under the divers left 
arm, and enters the back of the helmet, being so contrived that the fresh air is 
made tm impinge on the glasses, and thus prevents them in a guest measure from 
being dimmed by the bream. From the back part of the helmet there is silo led an 
rinction pipe, which carries off the breathed air. The attendants on the surface^ are 
communicated with by a signal line, which passes under the right arm. The diver 
dMuwnibi from the md« of the vessel bv a rone or else bv a wooden ladder, loaded at 
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the lower end, the weight being kept at a little height abore the ground. When the 
diver has descended, the weight is set down, and the rope slackened, so that the 
motion of the boat may not obstruct his movements. Heavy weights are attached to 
<his feet to keep him steady ; and he carries a line in his hand to gnide him back to 
the rope. A^raterproof dress entirely covers him, and thus he may remain under 
water five or Six hours, perfectly dry all the while. 

DIVINING. DIVINING BOD. The German miners who were brought over 
to this country at the instance of Queen Elisabeth, who was especially desirous of 
seeing the mineral treasures of this conntry developed, first introduced the divining 
rod. It has continued to the present day to be occasionally used in the mining 
districts — not merely by the uneducated miners, but by men of education and intelli- 
gence — for the discovery of mineral lodes. 

The divining, or, as it is more frequently called ia Cornwall, the * dousing * rod, is 
1 a forked twig of the blackthorn, the hazel, or the willow, of one year’s growth. It is 
placed on the open palms of the hands, the fingers are closed upon each limb of the 
fork, and the point of junction is then turned up towards the operator, and then, by a 
twist of the arms, placed outwards, so that it is held with the muscles of the arm in 
a most constrained position. The operator, called “ a douser,” walks over the ground 
to he examined, and the rod is supposed to turn downwards with irresistible force 
when a mineral lode is approached. There can be no question but the phenomenon 
in this case is precisely similar to that of table-turning. Fixedness of will operates 
involuntarily upon the jigid muscles of the arm, a movement is felt, and the Blight 
impulse yielded to becomes greatly increased. Every fairly made experiment proves 
divining to be one of those errors which are bom of ignorance, and perpetuated 
through the neglect of the proper education of the mind. Two or three well esta- 
blished positions may serve to remove this superstition from those minds which can 
be brought to reflect on natural phenomena. 

The divining rod is supposed to bend by virtue of some attractive power between 
the woody twig and the mineral lode. 

1 . Place the most approved divining rod over a mineral lode, so delicately poised 
that a breath will turn it The metalliferous matter will exert no influence upon it. 

2 . Place the divining rod upon the open palms of the hands of the most approved 
“ douser.’* It will never move, however great may be the moss of metal. 

Thus we have proofs that neither the metals, the twig, nor the man have any 
influence. 

3. Close file hands tightly, keeping the arms still in an easy position. No change 
in the position of the rod will take place in passing over any number of mineral 
lodes. 

4. Twist the arms in the way described, and then, and then only in the hands of a 
believer, will the rod bend ; and it is a chance if it bends at the right time. 

5. The divining rod. is said to bend equally to water, hence it is used in sonic 
places to find that fluid; to blood, therefore it was used to track murderers; and 
to metals. 

It is to be regretted that the human mind should cling, with so much ohstinac^, 
to the errors of those days when everything was seen through the mists of superstition. 

DOCIMACY. From the Greek AoKi/tafv, I prove ( iJocimanie , Fr. ; Pmhivrknnxt 
Germ.), is the art by which the nature and proportions of an ore are determined. 
The art of assaying minerals, the separation of the metaL This analytical examina- 
tion was originally conducted in the dry way, the metal fceing extracted from its mine- 
ralises*. by means of heat and certain fluxes. B14 this method was eventually found 
to be insufficient and even fallacious, especially when volatile metals were in question, 
or . when the fluxes could absorb them. The latter circumstance became a very serious 
evil, whenever the object was to appreciate an ore that was to be worked at great ex- 
pense. Bergmann first demonstrated, in an elaborate dissertation, that the humid ana- 
lysis was much to be preferred ; and since his time the dry way has been devtfed 
chiefly to the direction of metallurgic operations, or, at least, it has been Employed 
merely in concert with the humid, in trials upon the tmaj scale. 

After discovering an ore of some valuable metal, it is essential to ascertain if its 
quantity cmd state of combination will justify an adventurer in working the mine, and 
nnelting its products^ The metal is rarely fonnd in a condition approaching to purity ; 
it is often disseminated in a pangue for more bulky than itself; and more frequently 
still it if combined with simple non-metal! ic substances, such as tu1phur*curbon 
chlorine, oxygen, and acids, more or less difficult to get rid of. In these compound’ 
states its distinctive characters are so altered, that it is not an easy task cither to re- 9 
cognise its nature, or to decide if it can be smelted with advantage. The assayer. 
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without neglecting any 01 tne external characters of the ore, seeks to penetrate, so to 
speak, into its interior ; he triturates it to an impalpable powder, and then subjects 
it to the decomposing action of powerful chemical reagents ; sometimes, with the aid 
of alkalies or salts appropriate to its nature, he employs the dry way by fire alone ; at # 
others, he calls in the solvent power of acids with a digesting heat ; happy, if after a 
series of labours, long, varied, and intricate, he shall finally succeed m separating a 
notable proportion of one or more metals either in a pure state, or in a form of com- 
bination such that from the amount of this known compound, he can infer, with 
precision, the quantity of fine metal, and thereby the probable value of the mine. 
The blow-pipe, skilfully applied, affords ready indications of the nature of the me- 
tallic constituents, and it is therefore usually the preliminary test The separation of 
the several constituents of the ore can be effected, however, only by a chemist, who 
joins to the most extensive knowledge of the habitudes of mineral substances, much 
experience, sagacity, and precision in the conduct of analytical operations. Under 
the individual metals, as also in the articles Blowpr'e, Assay, Metallurgy, Mines, 
and Obes, arc presented such a copious and correct detail of docimatic processes, as 
will serve to guide the intelligent student through thiB labyrinth. 

DOEGLING TRAIN OIL. The oil of the Balcma rostrata , or Bottle-nose whale. 

DOGWOOD. Comutt saityuinea, a small underwood known as the wild cornel, 
and as the common Dogwood. Little splinters of this wood arc used by the watch- 
makers for cleaning out the pivot-holes of watches, and by the optician for cleaning 
deeply-seated small lenses. Its peculiarity is that it is remarkably free from silex. 
Toothpicks are also manufactured from dogwood. * 

DOLLY. DOLLY TUB. A mining term applied to a tub fitted with a perforated 
board, the dolly, to which a circnlar motion is given by a winch-handle, and thus im- 
parts a similar motion to the ore. See Mining and Ores. Dressing of. 

DOLOMITE ( Dolomie , Fr.j Dolcmit and Hiltcrspath, Germ.) A name applied to 
Hfuyn&rian Limestone, in honour of a distinguished French geologist and mineralogist 
of tiie last century — M. Deodatus Guy Silvanus Tancred de Gratet de Dolomieu I 
This mineral is essentially a double carbonate of lime and magnesia, containing in 
the normal varieties— carbonate of lime, .*4*35 ; carbonate of magnesia, 45-f»5 ; but 
the relative proportion of the two carbonates is subject to considerable variation, the 
species passing on the one hand into carbonate of lime, and on the other into car- 
bonate of magnesia. In its general characters, dolomite strongly resembles calcite 
or pure carbonate of lime, from which, however, it may be easily distinguished 
by its superior hardness and density, and by effervescing less briskly with acids. 
At the same time its crystalline forms are neither so varied nor so complex as those 
of calcite, the prevailing form being a primitive rhombohedron, less acute than the 
corresponding calcite crystal ; and parallel to the faces of this rhombohedron the 
mineral offers perfect cleavage. These crystals have a remarkable tendency to 
present curved feces, and from the nacreous lustre which they often possess, are 
commonly termed pearl spar . The presence of protoxide of iron replacing the 
analogous oxides, lime and magnesia, often imports a brown colour to the mineral 
after exposure to the atmosphere, whence such varieties are distinguished as Itrown 
sppr. In this country crystallised dolomite is common in the lead mines of Derby- 
shire, Alston Moor, l«eadhills, and the Isle of Man : the finest crystals, however, 
occur at Travcrsella, in Piedmont 

Tne massive and fincly-granular forms of dolomite arc very widely distributed, 
forming in certain districts ^ock-masses of considerable extent and occasionally 
rising into mountains of characteristic boldnefe, well seen in the dolomites of the 
Tyrol. In England, large deposits of magnesian limestone occur in the upper Lids 
of tiie Permian system, or that group of rocks whiq|i immediately overlies the 
coal-measures, and of which the upper beds are commonly known as zechstein,n 
name borrowed from their German equivalents. The principal deposits occur in 
tiMiorth-east of England, extending from the mouth of the Tyne in a south-westerly 
directionCthnragli Durham and Yorkshire, into the counties of Derby and Notting- 
ham. In these beds the doloritite frequently assumes singular concretionary forms; 
whilst at Marsdcn, a few miles soutjf of the Tyne, it presents a schistose structure, 
separating into thin layers of remarkable flexibility. These dolomites are employed 
in the cheiftcal works on the Tyne for the manufacture of sulriiate of magnesia, or 
Epsom salts, although at present to a less extent than formerly? 

Dr. William fienry, of Manchester, patented a process of the followmg^kind 
Calcine magnesian limestone so as to expel the carbonic acid; then convert the 
caustic lime and magnesia into hydrates by moistening them with water • afterwards 
add a sufficient quantity of hydrochloric, nitric, or acetic acid, or cblonne to dissolve 
the lime, but not the magnesia, which, after being washed, is converted mto sulphate 
by sulphuric acid, or, where the cost is objectionable, by sulphate ©| iron, which is 
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easily decomposed by magnesia. Or the mixed hydrates of lime and magnesia are 
to be added to bittern : chloride of calcium is formed in solution, while two portions 
of magnesia (one from the bittern, the other from the magnesian lime) are left unacted 
c on. Hydrochlorate of ammonia may be used instead of bittern : by the reaction of 
this on the hydrated magnesian lime, chloride of calcium and caustic ammonia remain 
in solution, while magnesia is left undissolved ; the ammonia is separated from the 
decanted liquor by distillation. See Magnesia, Sulphate. 

Dolomite has also been employed by the late Hugh Lee Pattinson, for the manu- 
facture of the Carbonate or Magnesia, which see. 

As a building stone, the dolomites have been highly valued, those varieties being 
regarded as most durable which present a crystalline structure, and in which the 
carbonates of lime and magnesia exist in nearly equivalent proportions. The 
quarries in the neighbourhood of Bolsover Moor, in Derbyshire, supplied the mag- 
nesian limestone fmployed in the construction of the new Houses of Parliament. 
See Hydraulic Cement. 

DONARIUM. Dr. BeTgmann received through Mr. Krants a mineral from 
Brerig in Norway, which is found in the same sircon-syenite that contains wohlerite 
and enkolite, and he discovered in it the oxide of a new metal combined with silicic 
add. This metal he calls Donarium , after the god Donar, and he assigns to it the 
symbol — Da 

The silicate of the oxide of Donarium, DoK) t ,SiO t + 2HO, is yellowish red, in 
some fragments passing into brown, in others into yellow ; when scratched or pow- 
dered, it is light oran$3. In thin films it is almost transparent, the thicker ones 
translucid. Some pieces have a distinctly laminated structure, mothers the fracture 
is more flat, or conchoidal. Its hardness is between that of fluor spar and apatite ; its 
specific gravity— 5 ’89 7. 

Small films heated in a platina- spoon break down into a dark brown mass, which 
reassumes an orange colour when cold ; the huger pieces lose thdr transparency. By 
heating it in a glass tube, watery vapour is driven oft Heated by the blowpipe on 
charcoal, it does not melt, a slight vitrification being sometimes observed on the 
edges, perhaps in consequence of the intermixture of some foreign substance. Fused 
with soda, the silicic acid is dissolved. The other constituents are seen in the non- 
transparent mass, by the help of a glass, as small yellow particles. Borax yields a 
yellow head, which is colourless when cold. The phosphates produce in the external 
part of the flame a reddish glass, which is colourless when cold ; in the inner pan of 
the flame the bead becomes yellow, and when cold is colourless. This metal is now 
proved to be identical with Thorina. 

DONKEY ENGINE. A very small engine employed to pump water into boilers. 
If the use of the donkey engine were more usual than it is, we should hear less of 
steam boiler explosions. 

DOOPARA RESIN. A resin obtained in considerable quantities in the East 
Indies from the Valeria Indica , which is used as a fragrant incense in the temples, 
makes an excellent varnish, and is sometimes called East Indium, Copal, or Gum 
Piney. — Simmonds. * 

DORNOCK is a species of figured linen of stout fhbric, which derives its name 
from a town in Scotland, where it was first manufactured for table-cloths. It is the 
most simple in pattern of all the varieties of the diaper or damask style, and therefore 
the goods are usually of coarse quality for common household wear. It receives the 
figure by reversing the flushing of the warp and woof at certain intervals, so as to 
form squares, or oblong rectangles dpon the cloth. The most simple of these is a suc- 
cession of alternate squares, forming an imitatioofaf a checker board or mosaic work. 
The coarsest kinds are generally woven as tweels of three leaves, where every thread 
floats over two, and is inteAected by the third in succession. Some of the finer are 
tweels of four or five leaves, bnt few of more i for the six and seven leaf tweels are 
seldom or never used, and the eight leaf tweel is confined almost exclusivekjjo 
damask. » ^ 

DORSETSHIRE CLAY. Clay shipped from Psole in Dorsetshire. See Clay. 

DOWLAS. A coarse kind of linen. * 

DOWN. See Feathers. * 

DRAGON'S BLOOD. (Sang-dragom, Fr. j Drachenbtut, Germ.) is to resinous 
substance, which coAes to us sometimes in small balls of the sixe of a pigeon's egg, 
sometimes in rods, like the finger, and sometimes in irregular cakes* Its efclour, in 
lump is dark-brown red ; in powder, bright red; friable; of a shining fracture ; specific 
gravity 1*196. It contains a little bensoic acid, is insoluble in water, but dissolves* 
readily in alcohol, ether, and oils. It is brought from the East Indies, Africa, South 
America, as the produce of several trees, the Dra&cna draco, the Pterocarpue tanto- 
unne, Pterocarpm draco, and the GoIomum rotting , 
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Dragon's bldftl is nqfd chiefly for tingeing spirit and turpentine varnishes, for pre- 
paring gold lacquer, for tooth tinctures and powders, for staining marble, &c. Ac- 
cording to Herbenger, it consists of 947 parts of red resin called Draconin. 2 of fixed 
oil, 3 of benxoio acid, 1*6 of oxalate, and 8‘7 of phosphate of lime. According to 
Johnstone, the resin of lump dragon's blood has the formula C , H ,, 0 , i that of reef 
dragon's blood, C"H ai O’. 

Pereira, enumerates the following varieties of this sal stance found in aommerce : — 

1. Dragon's blood in the reed; Dragon 's blood in sticks; Sanguis Draconis in 
baeulis. 

2. Dragon's blood in oval masses; Dragon's blood in drops; Sanguis Draconis in 
lachrgmis. 

3. Dragon's blood in powder. 

4. Dragon's blood in the tear ; Sanguis Draconis la grants. 

5. Lump Dragon's blood; Sanguis Draconis in massis. 

Besides these, there are Dragon's blood in cakes , and False Dragon's blood in oval 
masses. 

DRAINING TILES. Burnt clay tiles, generally Bhaped in section like a hone 
shoe, about one foot* long and two or three inches broad. These arc much used in 
agricultural draining. See Stone-ware. 

DRAWING CHALKS. Chalks or crayons are frequently nothing more than the 
natural production reduced to a convenient form : they are, however, sometimes pre- 
pared artificially ; a few of these manufactures are named. 

The brothers Joel, in Paris, employ as crayon cement the following composition : 
6 parts of shellac, 4 parts of spirit of wine, 2 parts of turpentine, 12 parts of a 
colouring powder, such as Prussian-blue, orpiment, white lead, vermilion, &c., and 
12 parts of blue clay. The clay being elutriated, passed through a hair sieve, and 
dried, is to he well incorporated by trituration with the solution of the shellac in the 
spirit of wine, the turpentine, and the pigment ; and the dourhy mass is to be 
pressed in proper moulds, so as to acquire the desired shape. They are then dried 
by a stove heat 

In order to make cylindrical crayons, a copper cylinder is employed, about 2 inches 
in diameter, and lj inch long, open at one end, and closed at the other with a per- 
forated plate, containing holes corresponding to the sixes of the crayons. The paste is 
introduced into the open end, and forced through the holes of the bottom by a piston 
moved by a strong press. The vermicular pieces that pass through arc cut to the 
proper lengths, and dried. As the quality of the crayons depends entirely upon the 
fineness of the paste, mechanical means must be resorted to for effecting this object in 
the best manner. The following machine has been found to answer the purpose 
exceedingly well. 

Fig . 680 is a vertical section through the centre of the crayon milL Fig. 681 is a 
view of the mill from above. A, the mill tub, whose bottom is must he a hard flat plate 
of cast-iron ; the sides a being of wood or iron at pleasnre. In the centre of the 
bottom there is a pivot c, screwed into a socket cast upon the bottom, and which may 
he strengthened by two cross ban D, made fast to the frame k. v, the millstone of 
cast-iron, concave, whose diameter is considerably smaller than that of the vessel 
A; it is ftirnished within with a circular basin of wood a, which receives the mate- 
rials to be ground, and directs them tot he holes h, which allows them to pass down 
between tho under part of the muller, and the bottom of the tub, to undergo tritur- 
atioif. 

By tho centrifogal motion, the paste is driven towards the sides of the vessel, rises 
over the sides of the mulleif and comes again through the holes h, so as to he 
repeatedly subjected to tHfc grinding operations. This millstone is mounted upon an 
upright shaft x, which receives a rotatory motion from the bevel-work x, driven by 
the winch x» * 

The frirnacc in which some kinds of crayons, and especially the factitious black- 
lea^pencils, are baked, is represented in fig. 682, in a front elevation ; and in Jig. 683, 
wnteh is % vertical section through the middle of the chimney. 

a a, six tubes of greater or laps sise, according as the substance of the crayons is a 
better or worse conductor of heat These tubes, into which the crayons intended for 
baking are to be put, traverse horixcftitaUy the laboratory b of the furnace, and are 
supported by two plates c, pierced with six square holes for covering the axles of the 
tubes a. TTiese two plates are hung upon a common axis d stone of them, with a 
ledge, shuts the^ylindrical part of the furnace, as is shown in the figure. At the 
extremity of the bottom the axis d is supported by an iron fork fixed in the bnck- 
•work ; at the front it crosses the plate c, and lets through an end about 4 inches square 
to receive a key, by means of which the axis d may be turned round at pleasure, and 
thereby the two plates o, and the six tubes k, are thus exposed in succeanon to the 
action of the fire in on equal manner upon each of their sides. At the two extremities 
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of the ftimaces are two chimneys b, for the purpose of diffusing the heat more equally 
over the body of the crayons. r 9 fig. 082, is the 1 door of the fire-place, by which the 



fhel is introduced; o, fig. 683, the ash-pit ; H, the 'fire- 681 

place ; x, holes of the grate which separate the fire-place 
from the ash-pit ; x, brick-work exterior to the furnace. 

General Lornct proposes the following composition for 
red crayons. lie takas the softest hematite^ grinds it 
upon a porphyry slab ; and then carefully elutriates it 
He makes it into plastic paste with gum arabic and a 
little white soap, which he forms by monlding, as ahove, 
through a syringe, and drying into crayons. The propor- 
tions of the ingredients require to be carefully studied. 

Crayons or Chalks, lithographic . Various formulae have been given for the forma- 
tion of these crayons. One of these prescribes white wax, 4 parts ; hard tallow-soap 
shellac, of each 2 parts ; lamp black, 1 parr. Another is, dried tallow-soap and white 
wax, each 6 parts ; lamp black, 1 part This mixture being fused with a gentle heat, 
is to be cast into moulds for forming crayons of a proper size. See Lithography. 

DRESSING OF ORES, in metalliferous veins the deposits of ore are extremely 
irregular, and usually intermixed with gongue or vein stone. In excavating the 
lode, it is usual for the miner to effect a partial separation of the valuable from the 
worthless portion ; the former he temporarily stows away in some open place under- 
ground, whilst the latter is either employed to fill up useless excavations, or in due 
course sent to surface to be lodged on the waste heaps. From time to time the valu- 
able part of the lode is drawn to the top of the shaft, and from thence conveyed to the 
dressing floors, where it has to be prepared for metallurgic treatment. 

This process is known as dressing, and in the majority of instances includes a series 
of operations. In this country it is chiefly restricted to mechanical treatment, the 
chemical manipulation being performed by the smelter. Hand labour, picking, 
washing, sizing, and reducing machinery, together with water-concentrating appa- 
ratus, comprise the usual resources of the dresser, but sometimes he may find it useflil 
to have recourse to the furnace, since it may happen that by slightly changing the 
chemical state of the snbBtances that compose the ore, the earthy parts may become 
more easily separable, as also the other foreign matters. With this view, the ores of 
tin ore often calcined, which, by separating the arsenki and oxidising the iron and 
copper, furnishes the means of obtaining, by subsequent trashing, an oxide of tin 
much purer than could be otherwise procured. In general, however, these are rare 
cases ; so that the washing almost always immediately succeeds the picking, crushing, 
or stamping processes. 

Before entering upon the description of machinery employed in the concentration 
of ores, it is important to notice the principles upon which the various mechanfdfcl 
operations are based. * 

If bodies of various sixes, forms, and densities be aflowid to fall into a liquid, in a 
state of rest, the amount of resistance which they experience will be very unequal, 
and consequently they will not arrive at the bottom at the same time, ^his neces- 
sarily produces a sort of classification of the fragments, which becomes apparent on 
examining the order m which they have been deposited. 

If it bp supposed that the substances have similar forma and dimentions, and differ 
from each other in density only, and it is known that the resistance which a body will 
experience in moving through a liquid medium depends solely on its form and extent 
of surfaces, and not on its specific gravity, it fbllows that all substances will lose 
under similar circumstances an equal amount of moving force. 
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This lom ^proportionally greater on light bodies than in those having more con- 
siderable density. Tht former for tMs reason fall through the liquid with less rapidity 
than the denser Augments, and must therefore arrive later at the bottom, so that the 
deposit will be constituted of different strata, arranged in direct relation to their various 
densities, the heaviest being at the bottom, and the lightest at the top of the series. 

Supposing, on the contrary, that all the bodies which fall through the water possess 1 - 
similar forms and equal specific gravities, and that they only differ fiym each other 
in point of volume, it is evident that the rapidity of motion will he in proportion to 
their sizes, and the larger Augments will be deposited at the bottom of the vessel. 

As the bodies on starting arc supposed to have the same forms and densities, it 
follows that the resistance they experience whilst descending through water will be 
in proportion to the surface exposed, and as the volumes of bodies vary according to 
the cubes of their corresponding dimensions, whilst the surfaces only vary in accord- 
ance with the squares of the same measurements, it will be seen that the force of 
movement animating them is regulated by their cubes, whilst their resistance is in pro- 
portion to their squares . * 

If, lastly, it he imagined that all the Augments have the same volume and density 
hut are of various forms, it follows that those possessing the largest amount of 
surface will arrive at the bottom last, and consequently the upper part of the deposit 
will consist of the thinnest pieces. 

It is evidently then of the greatest importance that the grains of ore which arc to 
be concentrated by washing should be as nearly as possible of the same size , or other- 
wise the smaller surface of one fragment, in proportion to its weight, will in a measure 
compensate for the greater density of another, and thus cause, it to assume a position 
in the series to which by its constitution it is not entitled. 

This difficulty is constantly found to occur in practice, and, in order as much as 
possible to obviate it, care is taken to separate by the use of sieves and trommels into 
distinct parcels, the fragments which have respectively nearly the *ame size. Although 
by this means the grains of ore may to a certain extent be classified according to their 
regular dimensions, it is impossible by any mechanical contrivance to regulate their 
forms, which must greatly depend on the natural clcuvnges of the substances operated 
on, and hence this circumstance must always in some degree affect the results obtained. 

Each of the broken fragments of ore must necessarily belong to one of the three 
following classes: — the first class consists of those which are composed of the mineral 
sought without admixture of earthy matter. The second will comprehend the frag- 
ments which are made up of a mixture of mineral ore and earthy substances, whilst the 
third division may be wholly composed of earthy gangue without the presence of metallic 
ore. By a successful washing these three classes should be separated from each other. 

The mo6t difficult and expensive vein stuff for the dressing floors is that in which 
the constituents have nearly on uniform aggregation, and where the specific gravity 
of the several substances approximate closely to each other. In snch cases the ore vs 
only separated from the waste after much care and labour, and often at the loss of a 
considerable portion of the ore itself. When, however, the ore is massive and distinct 
from the gjangue, and the specific gravity of the latter much less than the former, then 
the operation of cleaning is usually very simple, effected cheaply, and with but little 
loss on the ore originally present 

JThe losses which may be sustained in the manipnlatiou and enrichment of ores is a 
matter of great importance, and demands not only direct attention from the chief 
agent but also calls for the constant vigilance of the dresser. No one can approve of 
a system which omits to record the initial quantity of ore brought to the surface, 
noting only the tonnage and percentage of the parcel produced for sampling. 

Yet such inattention prevails generally in tbfi mining districts of this country. 
What would be thought or a smelter who might systematically purchase and receive 
ores without ascertaining their produce, and reduce them jn furnaces totally unfitted 
for the purpose, without regaining the losses which might ho sustained? If he 
became insolvent it would exciio no surprise, but, on the contrary, the public would 
mqp^likely look upon his position as the inevitable result of a defective and repre- 
hensible siode of working. 

It will ho admitted that mmertfl exploitations are of a highly hazardous nature, and 
that the risk of profit ought not to bq increased either by ignorance or carelessness. 
When ores are discovered, usually after the expenditure of much money, a certuin 
amount of productive and dead cost is incurred before they can he rendered at the 
dressing floors; if then the least waste takes place there is not omy a loss per se, hut 
the mineaexpendflture is augmented upon the lessened quantity, hence in no pepnrt- 
ment of mining economics is it more essential to secure higher practical talent than 
fin the dressing and management of vein stuff The individual entrusted with inis 
duty Bhould be competent to assay the ores, have a knowledge of the losses resulting 
from their metallurgic treatment, and know approximately the cost of enriching them 
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on the floors as well as of smelting them ; he will then eonduoft his operations so that 
the cost and loss in dressing will be less than the cost and loss in smelting. 

Same of the more friable ores, when simply exposed to the influence of water, 
inhibit a largo mechanical loss, so much so, that it is considered oftentimes more 
nofitable to sell them without attempting their enrichment. Now it may be laid 
down as an axiom that water will always steal ore, and the longer it is exposed to its 
influence, and the more complicated the manipulation, the greater will be the loss 
incurred. In addition, the constitution of certain ores is so peculiar and delicate, 
that any attempt to concentrate them beyond a given standard, by varying the treat* 
xnent, is seen to lead to an enormous loss, as will be apparent by inspecting the 
following memoranda of practical results . — ■ ... 

( A.} — The ore operated upon was sulphide of lead, associated with finely dissemi- 
nated iron pyrites, oxide of iron, quarts, and a small portion of clay slate. In each 
case the vein stuff assayed 17 per cent, of metal. 


Assayed 

17% 


Quantity 
bj weight. 

Quantity 
by weight. 

1 washed and concentrated to *25 1 

1 H 

*40 

1 burnt, roasted, and do. 

*20 

2'4 washed and do. 

*43 

1*56 


20 loss by roasting 


—1*36 washed and concentrated to *40 I 

*8 rotated, washed, da 

*42 

•8 » 

*69. 


The loss on metal 
originally pre- 
sent in the ore 
by varying the 
mechanical treat- 
ment was - - - 


61 percent 
39 „ 

*7 „ 

87 * * 


50 

33 

lie} 


If 

** 


(B.) — Took two parcels of argentiferous lead ore, associated with carbonate of iron, 
a little quarts, and blende. Weight 34^c tons, which assayed 42} per cent for lead, and 
29 os. of silver per ton of metal Crushed and carefully elaborated the same through 
jigging and buddle apparatus, obtained 14$jf tons of ore, giving 54} percent for lead, 
and 22 ounces of silver per ton of metal The produce for lead was therefore raised 
12 units at a loss of 49 per cent of the initial quantity of metal and 95 ounces of silver. 
The commercial loss attending this operation, after making the several charges and 
allowances incident to the metallurgic reduction, was £91 14s., or equal to £2 14s. 
per ton on the original weight 

Additional instances of heavy losses incurred in the concentrating process could be 
adduced if space permitted; but it may not be unwise to direct special attention to the 
great waste often connected with the manipulation of both tin and argentiferous ores. 
In the former it occurs chiefly from the oxide of tin being much diffused through hard 
vein stone, requiring severe mechanical treatment in order to liberate it, whilst in the 
latter the silver (not nnfreqnently combined mechanically), imperceptible to the eye, 
floating away when subjected to water, and so subtle as to evade the most delicately 
devised apparatus. The loss accruing in one large undertaking from this source 
alone upon 1100 tons of ore was 3026 ounces of silver worth £830, or equal to the 
interest on £16,600, at the rate of 6 per cent, per annum. 

In order to determine the loss of metal which may arise in enriching ores, accurate 
assays and notations should be made of the quantity of vein stuff lodged on the flocre, 
which should be compared with the metallic contents rendered merchantable, and the 
differences estimated. 

It is not possible to ascertain the value of an improvement which would secure an 
additional one per cent, from the quantity of orey stuff annually sent to surface from 
the several mines in the United Kingdom ; butgf it be reckoned only upon the sale 
value it would be scarcely less than 40,000/. per annum. 

In determining the site ff>r a dressing floor, and in making the mechanical arrange- 
ments, various points suggest themselves ; since, if they were overlooked, much loss 
would ensue to the undertaking, or otherwise it is evident that they could only be 
corrected by involving the proprietary in an increased outlay as well as a greater 
current expenditure. The first consideration should be to secure an ample supply of 
water, with a good fall, and an extensive area of ground. With advantages of this 
nature the machinery will be worked cheaply, <he stuff gravitate through the various 
processes without returning to create double carriage expenses, whilst t|>e castaways 
may be sent to the waste heaps at a miraimom cost The second point to be settled, 
is the class of machinery to be employed. This must obviously be based upon 
the character which the ores may present If massive, and ass&iated with light 
waste, simple apparatus will suffice, but if the ore be sparsely diffused among heavy 
vein stone, it is probable that the various apparatus will have to be constructed' 1 
with great nicety, varied in their principles of action, and that much precaution will 
have to be observed in order to create as little slime as possible, as well as to 
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machinery the£ is ill* considerable scope for practical intelligence ; it is not enough 
to wadi, crash, Jig, and bnddle the ores, mixing the resulting smalls incongruously 
together; bat a judicious sorting should be commenced at the wadi kilns, and upon 
this basis the various uses kept distinct whilst passing through the wadiing floors. 
The dresser should also take care to keep the several ranges of mineral produces and, 
degrees of fineness together. 

With the view of assisting the judgment in deciding upon the mflbhiuery to be 
employed, the following tame of specific gravities, applicable to ordinary vem stuff, 
is given: — 

Table of specific gravities. 





Hardness. 

Specific gravity. 

Lead: 

Sulphide (galena) 

- 

- - 2-5 to 2*75 

7*5 to 7 6 


Sulphate - 

• 

- 2 -3 „ 2*7 

6*25 „ 6*29 


Carbonate (white) 

- 

- 3*0 „ 8*5 

6*46 „ 6*48 


Phosphate (green and brown) - 3*5 „ 4*0 

• 6*68 „ 7 04 


Chromate (bright red) 

- 2*5 „ 3*0 

6*0 „ 6 04 


Molybdate 

Oxide of tin 


- 2 7 „ 3*0 

6*7 „ 6*8 

77m 


- 6*0 „ 7 0 

6*5 „ 7*1 


Tin pyrites 
Sulphide - 


- - 3*0 „ 4*0 

4*79 „ 5*1 

Cttpper : 


- 2 5 „ 3*0 

5*5 „ 5*8 


Oxide 


- 3*6 „ 4*0 

5*9 „ 6*0 


Carbonate 


- 3*5 w 4*0 

4*0 „ 4*1 


Pyrites 


- 8*5 „ A'D 

4*15 „ 4*16 


Sulphate - 


- 2*2 

2*21 


Silico-carbonate 


- 2 0 „ 3*0 

2*0 „ 2*2 

Zinc : 

Red oxide 


- 4*0 * 4*6 

5*43 „ 5*52 


Sulphide - 
Carbonate 


- 3 5 „ 4*0 

- 50 

4*02 „ 4*07 
4*33 „ 4*44 


Silicate - 


. 

8-48 

Antimony : Sulphide - 


. 20 

4-51 „ 4‘62 


Jameson ite 


- 2*0 „ 2*5 

5-5 „ 5*8 


Minerals associated with ores. 





Hanlnoss. 

Specific gravity. 

Wolfram 

... 


- 5*0 „ 5*5 

71 to 7-4 

Iron pyrites (white) 


- - 6'0 „ 6*5 

4-67 „ 4-84 

Mundic - 

... 


- - 6*0 „ 6 5 

4-83 „ 5*01 

Sulphate of baryta - 


- 2*5 „ 3-6 

4*3 „ 4*8 

Carbonate of baryta 


- - 3*0 „ 3*75 

4-29 „ 4-3 

Carbonate of iron - 


- 3*0 „ 4*5 

3-73 „ 3-82 

Fluor spar - 


- 4*0 

3*0 „ 3 33 

Quarts or silica 


- 70 

S-6 „ 2-7 

Carbonate of lime - 


- 2*5 „ 3*5 

9'5 „ 3-8 




Ore-bearing rocks . 

Hornblende rock - 
Syenite - 
Trap or basalt - 
Grauwacke - 

Porphyry, trachyte, and felspar • - 
Granite anct gneiss a - • 

Mica slate - 

Clay slate 

Limestone and dolomite 
Sandstone - 


Specific gravity. 
2-8 to T2 

■ 2-7 w 8 0 
* 2-8 „ 3*2 

2*55 „ 2‘9 
2 3 „ 2-7 
. 2*4 „ 2-7 

■ 2*6 „ 2*9 

2 6 

2*8 „ 2*9 
2 4 „ 2*7 


The following general deductions will also be found serviceable : — 

First — Absolute perfection iw separation according to specific gravity cannot be 
arrived at, chiefly on account of the irregularity of form of the various grains to be 
operated upon. 

Second .—! The more finely divided the stuff to be treated, the greater is the amount 
of labour and care required, and the more imperfect will be the fepamtiou. 

Thirds— Thato reducing machine may be considered the most pe rfect which 
produces the least quantity of stuff finer than that which it is intended to produce. 

Fourth. — It is necessary in determining the degree of fineness to *hiob a 
mineral should be reduced, to consider the metallurgic value of the ore contained in 
it, and to set against this the value of the loss which will probably be incurred, 
together with the labour and expense attendant upon the manipulation. ^ A 
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Ingest proportion of deeds and olesa ore shoujd be obtained by the “first operation, 
thus saying the labour and preventing the loss incident to a finer sab-division of the 
ore and more extended treatment 

Sixth. — That apparatus or plan of dressing may be considered the most efficient 
fj which with staff of a given rise allows at an equal cost of the most perfect separ- 
ation, and of the proper separation of staff of nearly equal specific gravity. 

The average percentage to which the crop is to be bwnghl and the highest 
percentage to be allowed in the castaways being determined, it is evident that the 
more perfect the degree of separation the greater will be the amount of crop and 
castaways obtained at each operation, and the quantity of middles or stuff to be 
re-worked will be diminished. 

Seventh. —We may farther consider as a great improvement in dressing operations 
such apparatus or pku of working as will allow, without a disproportionate in- 
crease in the cost, of the equally perfect separation of fine stuff as that of the coarser, 
as now practised# This will be of especial benefit in the case of finely disseminated 
ore, which is necessarily obliged to be reduced to a great degree of fineness. 


Washing and Separating Ores. 

The vein stuff on arriving at the surface, is not only associated with a large amount 
of gangue, but is frequently much intermixed with clay, rock, and siliceous matter. 

In order to get rid of the latter substances, it is usually washed and picked. The 
washing apparatus ought to be so contrived as to allow the cleansing to be effected both 
cheaply and expeditioialy, and for this purpose a good volume of water is always 
desirable. If a height or fall can be obtained, it will also be found advantageous. 
In accordance with the character of the ore the apparatus will have to be varied, but 
for lead, certain varieties of copper ore, as well as iron, or other abundant ores, the 
kiln is well adapted. In many mines rectangular grates are fitted to the bottom of the 
kilns, but a perforated plate would be found to furnish better results, since the former 
allows of the passage of flat irregular masses of stone, rendering the treatment in the 
jigging sieves less successful The holes in the perforated plate should be conical 
the largest diameter underneath, so that the stones may have unobstructed passage. 
In connection with the kiln-plate a rising trommel should be used, and in order to 
economise both time and expenditure it would be judicious to introduce the vein stuff, 
and discharge the castaways by means of railways. 

The picking of the stuff is a highly important operation. As a rule all picked ore 
should be selected, and the dradge deprived of the largest possible amount of waste be- 
fore it is sent to the crusher. It is fallacious to suppose, because machinery will 
deal with large quantities expeditiously, that it is cheaper to subject the mass to its 
action; on the contrary, if correct calculations are made of the losses which will 
ensue on the initial quantity of ore before the residue is ready for the pile, the 
cost of the several 'intricate manipulations requisite to get rid of the castaways, the 
wear, tew, and maintenance of machinery, it will appear in the majority of cases that 
the most profitable method is to incur an extra first charge in order to reject the sterile 
portions by means of hand labour. The ragging hammer should therefore be brought 
into free requisition, and all worthless stones at once rejected ; then in spalling such 
portions as have been ragged an additional quantity of refase should be excluded, 
whilst in tiie process of ebbing either ragged or spalled work, the greatest care and 
attention should be given in order to bring the dradge to a maximum degree of richness. 

Among Jhe siftings and washings which ores are made to undergo, we would notice 
those practised on the Continent,eyr^fc# anglaieea , dud Hep-vxuhimm of Hungary 
lovenea h gradate. These methods of freeing the ores'f&n pulverulent mattei 
consiri m placing them, at their out-put from the mine, upon gretings, and bringing 
ovCTfaem a stream of wafer, which merely takes down through the bars the maU 

but ca 1 7 ,ei J off the fi ? ep P^ns. The latter are received in cisterns, 
whew they aw allowed to rest long enough to settle to the bottom. The washincr 
by steps is an extension of the preceding plan. To form an idea of,th; M B 


imagine a series of grates placed successiv 


?mg 

us 


arrive <» to. highest, .here the 

£*** D P° n * • eoon<1 doset in it* bars, thence to a third, &c_ md’ 
finally into labyrinth* or cittern* of deposition. 7 ^ 

The praUtt aaglatui are similar to the tleeping taUa n*ed at Idria. The system of 
thew graduu ia represented in jig. 683 a. 8ueh «y»tem is resorted to for ton panose 
of sorting the small fragments of quicksilver ok intended for toe stamping miLL 
Thee, fragment* arc but moderately rich in metal, and are picked up at na&a. o' 
▼arums sues, from that of toe fiat to a grain of dust 

. Jfo.o w *ra placed in the cheat a, below toe level of wbleh 7 grates are dis- 
tributed, so that toe fragments which pais through the first, b, proceed by an inclined 
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conduit on to the secdhd grate, e, tJhd bo in succession. (See the conduits Z, o, p.) 

In front, and on a lerel with each of the grates 6, c, d, &c^ a child is stationed on one 
of the floors, I, S, 8, to 7. 

A current of water, which falls into the chest a, carries the fragments of ore upon 
the grates. The- pieces which remain upon the two grates b and c, are thrown on the * 



adjoining table o, where they undergo a sorting by hand ; there the pieces are classified, 
1, into gangue to be thrown away ; 2, into ore for stamping mill ; 3, into ore to be sent 
directly to the farnace. The pieces which remain on each of the succeeding grates, 
d, e,f y, A, are deposited on those of the floors 8 to 7, in front of each. Before every 
one of these shelves a deposit-sieve is established (Bee U «), and the workmen in 
charge of it stand in one of the corresponding boxes, marked 8 to 12. The sieve is 
represented only in front of the chest A, for the sake of dearness. 

Each of the workmen placed in 8, 9, 10, 11, 12, operates o» the heap before him ; 
the upper layer of the deposit formed in his sieve is sent to the stamping house, and 
the inferior layer directly to the furnace. 

As to the grains which, alter traversing the five grates, have arrived at the chest x, 
they are washed in the two chests y, which are analogous to the German chests. The 
upper layer of what is deposited in y is sent to the fnrnacoj the rest is treated anew. 

The kiln before adverted to is explained by fig. 683 b. 



The vein stuff is brought from the shaft by means of tram waggons, into the 
hoppfr ▲; grater flows from the launder b, one portion distributing itself at the foot 
of the hopper, the other upon a qpst-iron plate perforated with holes 1^-inch diameter 
at top, 1 f-iuch diameter at btttom, and 2 inches distant from centre to centre t the 
plate being 4 fret by 3 feet 6 inches. Between c and e, the washer stands. The fine 
stuff he rakep through the plate-holes, and that which is too coarse is drawn to k. 
Children standing on n, select the prill ond dradge from the pile^, discharging such 
stones as #re valueless through the shoot f, into the waggon beneath. The trommel 
x> is constructed or perforated plates, having different degrees of fineness, in order to 
■ae the stuff which passes through into bins or compartments. 

Ragging . — It has been remarked that, in breaking the lode underground, numerous 
rooks are produced throughout which valuable ore is more or less disseminated. After 
these stones are washed they are ragged. This operation consists simply in reducing 
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the stones to a smaller size, and rejecting as many of the sterile stones as can be 
readily picked out The reserved heap is ultimately taken to the spoilers and cobbers. 
The weight of a steel-headed ragging hammer varies from six to eight pounds. 
Spoiling, fig, 683d, is usually performed by women. The otyect is to break the 
w stones to aproper sise for the bucking hammer or crushing mill, and at the some time to 



cast aside such lumps as are destitute of ore. The hammer employed is made of cast 
steel and is set upon a light pliant handle. Its weight is about sixteen ounces, and its 
cost eightpence. A practised spaller will produce about one ton of stuff per day, but 
the quantity must necessarily depend upon the hardness and nature of the stone. 

Blake's Stone Breaker , — This machine is specially adapted for reducing masses of 
vein stuff into sizes suitable for the cobbing floors and crushing mill. It can be 
driven either by steam or water power, and consists of a crushing hopper, in which 
the stone is broken between a pair of jaws, the one being fixed, the other actuated by 
knee-joint levers. The fixed jaw a, fig, 683?, is a fluted plate of caBt-iron, bedded in 
zinc, and held in the frame b, by tnpered check pieces o c\ The vibrating jaw plate 



l>, is also fluted, so as to correspond in this respect with the fellow plate a, but the 
edges of one plate are opposite the grooves of the other. The eccentric shaft E*gfves 
motion to the toggles r r, which press forward the breaking jaw d about jjths of an 
inch. In the depression of the lever the jaw is aravfr back by means of a stromr 
Indian-lubber spring. ' * 

A stone dropped between the convergent jaws will be operated upon by a succes- 
sion of bites, until is crushed small enough to pass out at the bottom. 'The distance 
between the jaws at the bottom, limits the size of the fragments. The ftyne of the 
maohfhe is formed of one single casting, and although provided with bolt holes, yet 
is usually heavy enough to require nothing further than its own weight to retain H 
in working position. The apparatus should be fixed high enough either to allow a 
waggon to be phumdunder t heja ws, or otherwise that the reduced stones may gravitate 

The widths^ the opening at the top of the jaws determines the size of the machines. 
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and at the same time if represents the largest stone which can possibly be dealt with. 
The quantity of stone reducible in a given time most necessarily depend upon its 
degree of hardness, as well as upon its structure. In addition, the result is either 
lessened or increased, according to the minimum distance between the jaws, and the 
speed given to the eccentric shaft. 

The approximate duty rendered by stone breakers of various sixes, is^s follows 


Length of Jaw. 

Width between 
Jaws at top. 

Power required. 

Produce per hour. 

lnchei. 


horses. 

cubic yards. 

6 


1* 

1* 

10 


3 

3 

15 


4 

4* 

20 


5 

• 6 

24 

Hi 

10 

10 


At the Kirkless Hall Colliery, in Lancashire, it has been found that one ton of 
limestone Hilling through jaw pieces seven inches apart at the top is reduced into 
fragments which can be passed through a gauge one and three-quarters of an inch in 
diameter at a cost not exceeding threepence per ton, the coal for maintenance of 
engine being charged at three shillings and sixpence per ton. The various parts of 
the apparatus are of great strength, and the amount of wearaiui tear is comparatively 
small. In mines where it is requisite to reduce large quantities of vein stuff, either 
for the cobbers or crushing mill, this machine will prove an important and valuable 
auxiliary. 

Cobbing , Jig. 683/. — This work is also generally performed by women or yoang 
68.V* girls. It consists of picking the best work from the dredge, 

and with a peculiarly shaped hammer, detaching from each 
piece the inferior portions, and thns forming either prill or 
best dredge ore. An expert cobber will manage to pass 
through her hands about ten hundredweights of tolerably 
hard stuff per ten hours. 

Sizing apparatus. — In the varied processes of dressing, 
no point is of greater importance than that of correctly 
sixing the vein stuff, neither is there one demanding 
the exercise of a more correct judgment If the par- 
ticles of ore be reduced below their natural sixe a source of 
loss is immediately created, whilst if they are not brought 
within the limit of their sixe a portion of waste will probably adhere to each atom, 
forming a serious difference in the aggregate quantity of castaways, although such waste 
may afford but a low average percentage. The holes in the sieves or trommels should 
therefore be proportioned to the nature of the ore, but such apparatus should also be 
intapduced wherever necessary. To the crushing mill, trommels are essential, whilst 
it will he found highly advantageous to employ them for the purpose of dividing the 
stuff wherever it may become intermixed. The simplest form of sixing is perhaps by 



683 g 




the handeriddle,^. G83y, which is formed of a circular hoop of oak, § of an inch 
thick and six inches deep. Its diameter ranges from eighteen to twenty inchts. . 

• The bottom is made of a meshwork of copper or iron wire. The weight of an iron 
wire riddle is about seven pounds, and its cost 4#. 6 d. 

Fig . 683A represents a swing sieve employed in tlic mines on the Continent. . a, box 
into which the stuff to he sifted is introduced; 5, regulating door ; e, pendulating rod 
attaching the sieve frame to the frame c\ f, friction roller carrying tfce*ieve fri tee g. 
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At A ■prtagi aw fitted to etch aide of the frame, If order to givfc it* Tihretoryeotion 
f, rod, giving motion to the epparatoe. The width ofthe sieve frame 
thirdits length, but the sieve bottom only extends from the box a two- thirds of the 
length, t£ bottom of the sieve frame is subsequently contracted so as to form a shoot 
' Fig. 688 1 is a swing sieve employed in the Han, for sifting the small fragments or 
the ores of argentiferous lead. Such an apparatus is usually set up on the outside of 
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a stamps or washing milL The two moveable chestB 
or boxes a b, of the sieve, are connected together, at 
their lower ends, with an upright rod, which termi- 
nates at one of the arms of a small balance beam, 
mounted between the driving shaft of the stamps and 
the sieve, perpendicularly to the length of both. The 
opposite arm of this beam carries another upright rod, 
which bears cams^— placed so as to be pushed down 
by the driving shaft During this movement the two 
lower ends ▲, b, are raised ; and when the cam of 
the shaft quits the rod which it had depressed, the 
awing chests fell by their own weight Thus they 
are made to vibrate alternately upon their axes. The mall ore is put into the upper 
part of the chest ▲, over which a stream of water falls from an adjoining conduit 
The fragments which cannot pass through a cast-iron griddle in the bottom of that 
chest; are sorted by hand upon a table in front of a, and are classed by the workman, 
either among the ores to be stamped, whether dry or wet, among the rubbish to be 
thrown away, or among the ores to be smelted by themselves. As to the small par- 
ticles which fell through the griddle upon the chest b, supplied also with a stream of 
water, they descend successively upon two other brass wire sieves, and also through 
the iron wire r, in the bottom of B. 

Fig. 683 A shows the circular hand-riddle employed in the mines of Cornwall. 
Although this is in advance of hand riddling, yet it is by no means equal to the large 
sizing trommels employed in Germany. 

683 A 



The ore is thrown in it at a, the coarser pieces passing longitudinally through the 
riddle into the shoot b. The riddle is turned by a hook handle, as shown in the 
illustration i the meshes of the sieve vary from } of an inch to one inch square, 
according to the character and quality of the vein stuff to be operated upon. 

Fig». 683 f, 683m show an deration and ground plan of a scries of frit separating 
sieves. a a', bb' is a strong wooden frame, mx, guides for frame; xxv, base- 
ment upon which the sieve frame rCsts ; p, cistern fitted with perforated plate through 
which dean water is distributed upon the siev& ; t, hopper supplying the stuff to 
be sifted ; a a bottom of ditto. The sieves are lifted by the rod l and from 40 
to 60 beats per minute. The stores are set about eight hushes apart, and discharge the 
stuff upon the inclines ppp. 


The holes in No. 1 sieve are J inch diameter. 

,.2 |h 

»■ s As* 

»» 4 A ** 


The apparatus is employed in the Clausfhal Valley. # 

Fig. 688a represents the trommel or sizing sieves in operation at the Devon Great 
Consols. Although the yield of ore at these mines is extremdy large, it nyiy not be 
generally known that muoh of it is obtained from staff yielding no Sore than from f 
to 1} per cent of metal The product of the lode on arriving at the surface is cobbe* 
and divided into two classes, the first going to market without forther elaboration, 
whilst the dradge or inferior portion is treated by various processes of washing. The 
whole is however crushed to such a degree of fineness as to pass through the follow- 
ing holes : — * r 
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-Trommel 4, holes ^ inch diameter. 

*i h *» n 

M ®» » A » It 

n m 1 m tt 

The trammels an each 6 feet long, 24 inches diameter at the large expand 18 inches 



diameter at the smaller, making 20 revolutions per minute, and altogether affording 
9m ana of 0,000 square inches. 

£ 


6S3* 
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rurmtm. Sixmo Trommel — These are made of various diameters and lengths! the 



arms are fastened to the ring by means of outside and iuside nuts, the perforated 
plates 1, 2, 3, and 4, are rivetted to the several rings, and in this way an excellent 
trommel is produced. 

Crushing Machinery. 

Various crushing machines are described and illustrated at page 533, VoL IL ; but it 
may be observed that this section of the dressing department deserves carefhl attention, 
as the results are more or less affected according to the mode of working and adjusting 
this class of machinery. The crusher is, as it were, the starting or radiating point 
for treating the drudge work, and if considerable care is not exercised here, not 
only will there be much loss of power, but also of the initial quantity of ore. Inthc 
mining districts of this country it is usual to introduce rough and fine drudge together ; 
no preliminary division of the stuff is attempted ; the hopper is continuously charged, 
and that portion which is not reduced sufficiently fine is returned by the raff wheel to 
be recrushed. 

The consequence is the motion is uneven, strains are inflicted on the machinery, 
and more time as well as power is necessary for the purpose of realising a givqp 
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result •Valuable improvements could be effected by first mechanftally sorting or 
dividing the dradge, expediting the speed of the rolls, fitting them with steel feces , 
setting them so as not to reduce the grain of ore below its normal sise, giving them 
** vnifarm supply by means of a tilting shoot, and instead of returning the 
raff to the rolls conveying it to a second series of smaller dimensions, adjusted and 
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managed in a similar" way. To ealh set of rolls there should be fitted sifting trommels 
with holes proportioned to the character of the ore, whilst in many instancea it 
would be found judicious to discharge a stream of water on the rolls with a view of 
expediting the crushing. 

In small mines, bucking, fig. 683 p, is resorted to instead of employing the crashing 
mill. This operation consists of pounding pieces of mixed ore on a sllb of iron a, by 
means of a hammer or buckcr b. The wall on which the plate A is placed, is about 
8 feet high. The stuff to be pounded is placed behind the slab, and is drawn upon 
and swept off the plate by the left hand. In Cornwall it is customary to keep time 
with the blows and to stand to the bench, but in Derbyshire each operator works 
independently, and is usually seated. 

The bucker, fig . 683 9 , is formed of a wrought-iron steel-fhced plate a, 8 inches 
square, with a socket b, for receiving a wooden handle c. Its cost is about Is. Ad. 

The general arrangement of a portable crushing mill may bp gathered from fig. « 
683r. The rollers A A are kept in close contact by means of the spring arrangement 



up. The spring itself is formed of cops of Indian-rabber alternating with cups of 
iron, both encircling an iron bar passing through and held firmly by the lug c. 
The stuff is thrown into the hopper d, and on motion being given to the rollers the 
inclined shoot b receives a percussive action by means of a horisontal lever or 
pallet attached to the shoot, and actuated by one of the two cog wheels fixed on 
the ends of the rollers. The angle of the shoot is varied by lowering or raising 
the hook r. 

Stamps. 

Tin and some other of the more valuable ores are usually associated with and 
minutely disseminated in a hard crystalline gangue, requiring to be reduced to a fine 
ponder before the valuable portions can be extracted 

Variou# contrivances have been employed for this purpose, but none of them seem 
to have entered into compel tiofi with the stamping mill. This apparatus essentially 
consists of a number of cast -iron pestles, each measuring about 20 inches high, and 6 by 
10 inches in the section. These are secured either to a wrought iron or wooden lifter ; 
a projecting arm is placed towards the top on each lifter, which may be slidden up and 
down so as to meet the wear of the pestle or any other irreguAnty. These lifters 
are retailed in their vertical position by suitable metal or wooden supports. .Motion 
is communicated by a revolving shaft in front, fitted with four or five projecting 
cams, each of which catches the arm, and lifting the pestle from 8 to 10 inches, 
lets it suddenly foil on the substances which may be underneath. The bottom 
on which the heads foil is formed by introducing hard stones or other suitable 
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material, and pounding it until it becomes sufficiently solid. In most parts of the 
Continent of Europe, on the contrary, stamping mills are provided with solid 
r cast-iron bottoms s these are, however, sutject to the inconvenience of requiring 
frequent renewal. 

Around the pestles a wooden box or oofer is constructed, and covered in at the top ; the 
back is partly Open at the bottom in order to admit the vein stuff. On each side one, 
and in front two openings are made, 7 or 8 inches square, which are fitted with 
wrought-iron frames, for the reception of perforated iron, copper, or brass plates, the 
bur of the punch or drill being towards the inside. As a precaution against the speedy 
destruction of the oofer from the constant scattering of fragments of stone, the inside is 
partially lined with sheet-iron. The stuff to be stamped is supplied on an inclined 
plane, connected with a hopper at the back, in the front of which is a launder for af- 


fording a stream of water to the cofer. The stamped stuff passes through the grates 
into launders and i%thus directed to the floors. When water is the motive power, the 
number of heads is limited by the volume and fall of water available ; three heads 
are the least number used, but a larger number is generally preferred. When steam 
power is employed, a battery of heads sometimes includes 100 or more pestles, 
when in action these are elevated from 40 to 80 times per minute, according to the 
character of the stuff to be reduced. The pulverisation is said to be greatly facilitated 
by having four heads in the same chest or cofer, about 3£ inches apart Thmh head 
is lifted separately, and the cams by which this is done are so disposed on the axle as 
to make the blows in regular succession. Great care is also taken whether it be in 


a large or small batteryf to prevent any two pestles felling at the same instant ; the 
object being to secure an equal strain against the power. Practical dressers are 
not well decided as to the order in which the lifting of four heads in one cofer 
should take place, whether one of the inner pestles should precede the other, or 
whether a side pestle should be first lifted. A preference, nowever, seems to be 
given to the following method supposing a spectator to stand in front of a 
4-head stamps, left side pestle first, right side second, right middle third, left 
middle last 


Fig. 683s represents the elevation of a steam stamps employed in Cornwall. ▲, 
axle; b, cams for lifting heads; c, tongue or projection on lifter ; dd, guides for re- 
taining lifter ; s, the lifter; I, head of pestle ; o, chest or cofer : b, hopper; j, pass 



grate; x, launder receiving the stuff which has been flushed through fee gratea? 
N, fee bottom or bed of stamps. 5 e™** 

The stamping prqpess is not so simple as it may appear at first sight Many of its 
V^ticiilan, such as fee form of the cofer, mode of exit for fee stuff, weight and 
rapidity of fee pestles, and Quantity of water employed, must be vlried to suit fee 
mode of d i ss emin at ion and the structure and character of the ore, as well as of fee 
matrix Fineness of reduction is by no means always a desideratum, for if some kinds 
or stuff be reduced too low, much of fee ore contained in it will be wasted lienee 
considerable judgment is necessary in selecting fee grate best adapted to fee stuff 
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to be operated upon. Sometimes the grate ia replaced by the “ fiosh,” which con- 
data of a small hopper-shaped box, fitted to the front of the grate-hole. This box 
ia provided with a shatter which is raised or lowered according as the ore is 
required in a fine or rough state. In dry stamping the fineness of the powdtfr 
depends not on the grate, but on the weight of the pestles, the height of their 
fhli, and the period of their action apon the substances beneath them. The follow- 
ing practical results are derived from the steam stamps at Polberro Tin Mines, 
Cornwall : — 

Cylinder of engine, 36 inches diameter- 

Diameter of the fly-wheels, SO feet 

Weight of ditto, with cranks, shaft, and bolts, 42} tons. 

Power employed, 55 horses. 

Reduced in 12 months, 30,201 tons of vein staff. 

Avenge number of revolutions of stamps axles per minute, 8J. 

Number of heads lifted per minntfl, 73, each 9 inches high. 

Weight of each head, 600 lbs. 

Average number of blows performed by each head, 45. 

Weight of heads collectively, 19} tons. 

Number of grates, 72. 

Exposed area of front grates, 9 x 6 — 54 inches. 

Ditto of end grates, 8 x 6 =*48 inches. 

Number of holes to the square inch, 140. j 

Cost of stamping, including maintenance of engine and wear and tear of machinery, 
1#. 8 £d. per ton of stuff. 

Fig. 683 1, represents a stamping mill arranged for the reduction of auriferous 
quarts, silver, and other valuable ores. The base consists of a cast-iron plate a, upon 
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* which is screwed a frame b, without end or side joints. A thick cast-iron bottom is 
dropped into this fimme,upon which the stuff is pulverised. The “ cofer ” c, is made 
of east-iron plates bolted together at their edges. Each head is in connection with 
a grate or perforated plate. The feed is effected by means of an Ar chime d e a n screw, 
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revolving in the trough d. The heeds ere solid cylinders of iron ettached to wrought- 
iron lifters, end when in work are rotated by the action of the long cams r. The lift 
or rise of the head is varied by the blocks e b, which traverse a flat thread screw 
cut in the lifter. It will be seen diet no staff oan be lost through the bottom 
of the cofer ; cvhilst an economic advantage is secured by the nse of a large 
area of perforated plate or grate. 

Fig. 683a is a set of stamping and washing works for the ores of argentiferous 
galena, as mounted at Bockwieae , in the district of Zellerfeld, in the Hars. 

a is the stamp mill and its subsidiary parts ; among which are a, the driving or 
main shaft ; b, the overshot water-wheel ; cc % six strong rings or hoops of cast iron 
for receiving each a cam or tappet; g, the brake of the machine; kk A, the throe 
standards or the stamps ; 1 4 &c. six 
pestles of pine wood, shod with 
lumps of cast iron.* There are two 
chests, out of which the ore to be 
ground falls spontaneously into the 
two troughs of the stamps. Of late 
years, however, the ore is mostly 
supplied by hand ; the watercourse 
terminates a short distance above 
the middle of the wheel b. There 
is a stream of water for^he service 
of the stamps, and conduits proceed- 
ing from it, to lead the water into 
the two stamp troughs ; the conduit 
of discharge is common to the two 
batteries or sets of stamps through 
which the water carries off the sand 
or stamped ore. There is a move- 
able table of separation, mounted 
with two sieves. The sands pass 
immediately into the conduit placed 
upon a level with the floor and 
separated into two compartments, 
the first of which empties its' water 
into the second. There are two 
hoards of separation, or tables, laid 
upon the ground, with a very slight 
slope of only 15 inches from their 
top to their bottom. Each of these 
boards is divided into four cases 
with edges; the whole being ar- 
ranged so that it is possible, by 
means of a flood-gate or sluice, to 
cause the superfluous water of the 
case to pass into the following ones. 

Thus the work can go on without 
interruption, and alternately upon 
the two boards. There are winding • 
canals in the labyrinth, n, n,n, in 
which are deposited the particles 
carried along by the waterwhich 
has passed upon the boards. The 
depth of these canals gradually in* 
creases from la to 20 inches, to give 
a writable deieent to- maintaining the water-flow. At m two percussion „e 
placed. r, a are two German cheat*. H, j are two pmussion tables which are 
driven by the cam* x x, fixed upon the main shaft x », x x' an two 

?rT a t cA f 1 . t *, are rectangular, being about 8 yar* tog, fa 
yard broad, with sicjig 18 inches high j and their inelin»tloa i* such that the lower 
»hont 16 Inches beneath the level of the upper. At their upjmrendlwiy 
wiled dlb flobftr, a kind of trough or box, without any edge at the side next the 
chert, is placed containing the ore to be washed. The water fallowed to fall upon the 
Wster m a thin sheet The deeping tablet have upright edges ; they are from 4 to 5 
ywfrhmg, nearly S yards wide, and have fully a yard of inclination. The tables are 
•toes covered with cloth, particularly in treating ores that contain gold, on a 
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supposition that the woollen or lirpn fibres would better retain the metallic particles ; 
biit this method appears on trial to merit no confidence, for it produces a Tery 
impure schlkh. 

Jigging Machinery. * 

In the jigging sieve only the initial velocity of the substances to be separated 
is obtained at each stroke. Were, however, the sieve pltfcnged fo a depth of, 
say SO or 80 feet, the various grains would settle themselves according to their 
various velocities of fall, one over the other, assuming them to be of a uniform 
sixe. 

The following table shows the fall of various spheres in water in one second, the 
depth being in Prussian inches. 

Gold. Galena. Blende. 

Spec. Gw. ID'S Spec. Gw. 7*5 Spec. Gw, 4 . 

Prussian Indies. Prussian Inches. Prussian indies. 

100* GO’093 40-825 

84*090 50532 34*329 

70*711 42 492 28*868 

59*460 35*731 24*275 

50* 30*046 20*412 

42*045 25*206 17*165 

35*355 21*246 14*434 

29*730 17*866 12*137 

25* 15*023 10*206 

21*022 12*633 8*582 

17*678 10*623 7*217 


Now, instead of assuming the snbstanccs to be of a uniform sixe, let it be supposed 
that they vary ; the foregoing table will show that gold of 8 lines would settle at bottom, 
and that when gold of 2*9 lines began to settle, the galena of 8 lines would fall also. 
With galena of 3} lines blende of 8 lines would be associated, and so on. 

If, secondly, it be assumed that the substances varied between 4 and 8 lines, some 
time would elapse, after gold of 4 lines had settled, before the galena would begin to 
deposit itself. With blende, however, of 4 lines and quarts of 8 the latter would 
almost appear at the bottom at the same time. 

The proportion between the maximum and minimum sizes of the stuff to be ope- 
rated on should be qb the specific gravity of one to the other. Thus, 

Gold and galena- ... 7‘5 : 19 2: *.1-2*56. 

Galena and blende - - - 4*0 : 7*5:: 1 — 1*075. 

Blende and quarts - - - 26 : 4*0:: 1-1*537. 

. JJand sieve . — This apparatus, ./iy. 683 r, is formed of a circular hoop of oak, g of an 

inch thick and 6 iuchcs deep. Its diameter 
ranges from 18 to 20 inches. The bottom is 
made of copper or iron wire meshes, of various 
sizes. Sometimes perforated copper plate is 
employed, when the sieve is termed a copper 
bottom.* The sieve is shaken with the two 
hands in a cistern or tub of water, an ore vat 
is however sometimes employed, and either 
fixed horizontally or in an inclined position. In using ttiis sieve the workman shakes 
it in the vat with much rapidity and a dexterous toss till he has separated the totally 
sterile portions from the mingled as well as from the pure ore. He then removes these 
several qualities with a sheet iron scraper, called a limp, and finds beneath them a 
certain portion of enriched ore^ 

Delving sieve, This sieve, a ,fig, 683 w, is either constructed with a hair or canvass 

bottom i the former is more expensive but more durable. Its peculiar application is 

ohiefiy for the final treatment of ores previous to 
being put to pile, such orejf having first passed 
through the finest jigging sieves, yet still main- 
taining a certain degree of coarseness and bearing 
a high specific gravity. 

In the separation of ores from light waste, or 
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Quarts. 

Spec. Grar. 8*6 
Fruition inches. 



Diameter 

Lint*. 


8 * 

5*657 

4* 

2*828 

2 * 

1*414 

1 * 

0*707 

0*5 

0*354 

0-25 
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such minerals is approach one another somewhat closely in their densities, this form 
of sieve is both good and effective, but to use it properly a considerable amount of 
dexterity and practice is requisite. 

There are twa principal methods of using it j by one a motion is given, whereby 
the waste is being constantly projected and carried over the rim into the kieve by a 
current of water forced through its bottom. This mode of treatment is adapted 
for poor ores. In the second case, when the ore is nearly pure but still asso- 
ciated with a heavy gangne, a motion is given to the sieve whereby the water is forced 
through the ore, and mule to traverse 
the surface of the mineral in concen- 
tric circles. This motion collects the 
waste into themiddleof the clean result 
By the first method about six tons per 
day may be passed through by each 
workman and enriched for the second 
operation. The weight of the sieve 
varies from four to five pounds, its di- 
ameter is twenty-six inches, depth four 
inches, and cost from 2s. 3d to 2m. 6d, 

A jigging sieve, constructed as 
shown in fia. 685s, is sometimes em- 
ployed on the Continent. ▲ represents 
the table on which mineral is 
placed; B is a large kieve of water, in 
which the sieve u suspended by the 
iron rod n, set in motion by means of 
the arrangement, T, G t H, suspended 
at I, and having at the extremity h a 
box for tbe reception of small stones, 
to be used for the purpose of counter- 
poising the weight of the sieve and 
several fittings. By moving the rod 
r, sliding in x, the workman gives the 
required motion to the sieve, and 
when its contents have been snffi- 
ciently waited he remorse them by the mine mean, u when tbe hand iiere u 
employed. 

Band jigping or brake awe.- 1 The brake sieve, Jig. 683$, is rectangular, as well as 
the cistern m which it is agitated, a, wooden lever, having its axis at r» B, piece of 




wrooght-iron bolted to end of leter a, whilst its upper end passes freely through a 
slot opening in lever*), and having two ahoolder projections c j x, axis of lever d t 
Q, ban connected with lever d, supported on axle x, and from which gie ironwods hh 
depend; j, rectangular sieve; x, under hatch; L, shoot for overflow of water; x 
wceptade for retaining any fine ore which may escape with the water from l. 


the action of leaping, jerks it smartly up and down, so as to shake effectually the sieve 
*' Etc “ jolt not only makes the fine part pass through the meshes, but changes the 
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relative [w Wiw of thoee which remain in the aieve, bringing f'he ^nrer and heavier 
erentnaUy to the bottom. The mingled fragment* of ore and aton y an betaneea 


iXhc ore heap. - The sieve frame may be i , 

The hnteh should then be 5 feet long, 3} feet wide and 4§ feet deep, constructed of 
good deal boards 8 inches thick. The quantity of stuff which a boy can jig in ten 
hours will depend upon several circumstances. With a sieve six holes to the square 
inch and a tolerably light waste, from five to six tons can be operated on. 

Machine Jigging-— The machine jigger represented in fig. 683*, is constructed on 
the same principle as the hand apparatus. The hutches are, however, somewhat 
larger, being six feet long, four feet wide, and four feet deep. A, fly-wheel I b, driving 
wheel i c, cog wheel receiving motion from n, and giving motion to a crank from which 
depends a rod attached to lever n. x b, the vertical rod, passes through a slot opening 
in the wooden lever r, and by these several combinations a vertical movement and 
jerk is given to the sieve contained in the cistern a. 

When it is required to discharge the sieve, the lever h is depressed, and the pm, 
not seen in the end of lever r, traverses in the slot shown in the bridle rod imme- 
diately below the bracket The sieve measures 4x8 feet and 9 inches deep. It is 
strengthened by iron hands and numerous slips across the bottom. 

A jigging apparatus, fig. 684* has been arranged by Mr. Edward Borlase, of St 
Just, Cornw all , pnd introduced by him at Allenheads, with satisfactory results. At 
these mines it has been worked in conjunction with the machine, fig. 1881, and de- 
scribed at page 833. The larger and denser portion of stuff separated by this appar- 
atus is conveyed by suitable launders to a series of sieves, arranged on the top of a 
conical reservoir, tarnished with a feed pipe for the admission of water, and with an out- 
let pipe at the bottom. This reservoir is placed within another reservoir, also in the 
form of an inverted cone, and provided with an outlet pipe at the lower part, a, ec- 
centric giving motion to the sieve ; n, launder conveying stuff to such sieves ; c, distri- 
butor, either stationary or revolving as may be required, delivering stuff to the sieves 
arranged on the top of the conical reservoir j r, valve for discharging the finer portion 
of the ore j a a, internal cistern fhrnished with an outlet valve h. 

The sieves have a slight outward inclination, and the refuse substances with the 
waste water are carried over and deposited in the conical cistern, a a. 

The sieves should make from 150 to 800 pulsations per minute, according to the 
quantity and character of the stuff under treatment 

The following is the result of trials made on 160 tons of stuff, one half being de- 
livered to Borlase’s machine, the other to the common jigging hutch. 



Borlate’i 

Machine. 

Ilutchors. 

DlfforeLre In 
flurnur of Bor- 
is*©’* Machine. 

Time:— 

Hour*. 

Hour*. 

Hour#. 

Occupied hutching cuttings 

so} 


»* 

Ditto smiddum from da 

Sludge machine, washing sludge and 

■miriflnm - - - - - 

Dressing the ore in a trunk - 1 - 

5 

10} 

S'. 

29* 

6lJ 

10* 

Aggregate number of hours occupied 
by the lads in doing thf work, via. 

feeding cuttings and hatching smid- 
dum ------ 

Aggregate number of hoars occupied 
by the lads in washing sludge and 

111* 

195} 




smiddum, including the final clean- 
ing in a trunk - 

102 

198 

21 

Cost.— 

H 

* t. </. 

t 

t «. d- 

Of boys attending machine, wheeling 



away waste, and preparing ore for 
fixe bing-stead ... - 

mm 

a 8 oj 

0 13 Oi 
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Peth crick's ttparator. Figs. 684a & 6846. a, the plunger or force pump; b, re- 
ceptacles fitted with sieves ; c, hutch filled with water ; n, discharge holes fitted with 



wooden plugs; x, movable plate to admit of withdrawing the ore; r, hopper with 
■hoots fbr supplying sieves ; h, beam for giving motion to plunger piston ▲ ; J* launder 
Ibr delivering water to hutch 

Vi» IT 
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About the year 1831, Mr. Petherick introduce the above machine at (he Fowey 
Console Mines in Cornwall. It was described in the Quarterly Mining Revitw, 
January 1833, from which the following is extracted. This machinery is par- 
ticularly intended to supersede the operation of jigging in separating ores from 
their refuse or waste. * * * In the separators, the sieves containing the ores to he 
cleaned are placed in suitable apertures in the fixed cofer of a vessel filled with water, 
connected with which is a plunger or piston working in a cylinder. The motion of 
the plunger causes the water to rise and fall alternately in the sieves, and effects, the 
required separation in a more complete manner than can be performed by jigging. 
The variety in the extent and quickness of the motion required for the treatment of 
different descriptions of ores is easily produced by a simple arrangement of the ma- 
chinery. 

A principal advantage in this separator is derived from the neves being stationary 
(in jigging, the sieve itself is moved) during the process \ thereby avoiding the in- 
discriminate or premature passing of the contents through the meshes,. which neces- 
sarily attends the operation of jigging, whether by the brake or hand sieve. Greater 
uniformity of motion in the action of the water, in producing the required separation, 
is also obtained ; and superior facility afforded to the deposit in the. water vessel 
(especially in dressing crop ores) of the finer und richer particles, which in jigging 
are principally carried off in the waste wuter. 

The superiority of the patent separators over the ordinary means of cleaning ores 
will perhaps be best shown by reference to their actual performance. At the Fowey 
Consols and Lanescot mines m Cornwall, where they are extensively used, seventeen 
distinct experiments have l>cen made on copper ores of various qualities from differ- 
ent parts of the mines, to ascertain the extent of the advantage of this mode of separa- 
tion over the operation of jigging. Seventeen lots of ores, amounting together to 
about 300 tons, were accurately divided, one half was jigged, and the other half 
cleaned by the separators. A decided advantage was obtained by the latter, in every 
experiment ; the following are the aggregate results : — 



It must be obvious to those who are practically acquainted with the subject, that 
the poorer the stuff containing the ores, the greater must be the relative value of any 
improvement in the process of cleaning it. This haobeen satisfactorily demonstrated 
by the trials which have been made in the raiues before mentioned, in dressing the 
tailings, which are the refuse of the inferior ores, called halvans. It appears that 
these tailings may be dr&sed by the separators with more than treble the profit to 
the proprietors, which could be realised by the ordinary methods j and there is no 
doubt that there are vast quantities of surface ores, both copper and lead, in various 
mines which might be dressed by the same means with considerable advantage 
Hundts Sets Strom Machine . — This apparatus consists of an arrangement for 
separating, washing, or sorting ores and other substances according to the sise or 
specific gravity of the particles. This is effected in a continuous manner by the 
agency of a body of water rotating in a horisontal direction through which the sub- 
stances are made^o fall, and which are collected at distances increasing in inverse 
proportion to their sise or specific gravity. For this purpose an annular vessel 
a, pllced in a larger cylinder 6, is caused to rotate round a centrfl verticil axis c by 
means of a pulley or cone a. This annular vessel is open at top and bottom, 'and 
placed in the slightly larger and cylindrical vessel d, which is kept fall of wAter 
during (he action of the apparatus. The bottom of this vessel is divided into com- 
pvtmoits e, corresponding in number with the degrees of fineness into which it is 
desired to tlvsify the ores. The vessel having been filled with water, the ore is 
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caused to fell regulaAy through a#pout into the body of water rotating with the ves- 
sel a 6, round the axis c. In order to carry the water round with the vessel a b 9 a 
blade is fitted between the two cylinders a and b % which, if put in a suitable position, 
does not interfere with the sorting. 

The particles of ore having the greatest specific gravity will fell most rapidft 
through the water, and will consequently pass out at the bottom of the vessel a 6, at 
a point nearest the stationary spout t, whilst the particles next in specific gravity will 
fell in the next compartment, and so on. The particles of ore to be classified accord- 
ing to their specific gravity must be as nearly as possible the same size, whilst any 
material in a granular state, and of the SAme specific gravity in all its particles, will 
be classed according to size. The action of the apparatus continues till the compart- 
ments e are full of ore. When full, the weighted levers r, are lifted up, and the ore 
allowed to escape with the water. In places where water is plentiful, the apparatus may 
be made to work quite continuously by giving to the opening^ such a size that < 



no more water can escape with the ore than is continually supplied. The compart- 
ment! e, may in this case be much smaller. Where water is scarce the quantity re- 
quired may be reduced considerably by fixing a bottom to the inner cylinder a, and 
leaving this cylinder empty. 'The drum will thereby get a tendency to float, which 
may be overcome as for as necessity by putting ballast in it By these means a 
quantity of water equal to the cubic contents of this cylinder will be saved; at the 
same time, by giving greater dimensions to the compartments e, the water will be made 
to do duty a longer time. The number of revolutions of the drum will be found in 
most jsases to Tange between the limits of two to six per minute ; the diameter of 
the (Sum %om about four feet and upwards ; the size of the ore grains, or particles, 
from one thirty-second to hsJf at inch. The power required is extremely small, and 
one man can attend to a great number of these machines. 

Edwards and Beacher's Patent Mineral and Coal Washing Machine, consists of 
two cisterns ^rectangular in horizontal section. Within a few inches of the top of 
these, perforated plates or screens, nfig. 684 </, are fixed, upon whith the material to be 
washed i» fed thgoogh a hopper, which also connects the two cisterns. On tlje inner 
■ides of the cisterns, are two apertures closed by flexible discs, or diaphragms of 
leather, c, which, when the machines are filled with water, cause it to rise and fell 
through a certain spaee, by means of a horizontal vibratory motion, which they 
receive from an eccentric on a shaft, which is driven either by a steam-engine attached 
directly to it, or by a driving belt and pulley, a. See W ashing Coal.. 
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The aetion of the flexible diaphragms is similar to that of cylinders and pistons, 
which are sometimes substitoted for them. Above the driving shaft is a smaller one, 
b. which is driven at a slower rate by means of toothed wheels, and gives by cranks 
or eccentrics, a horizontal motion backwards and forwards to sets of scrapers r, above 



the cisterns. These are so arranged as to remove the upper stratum of the substance 
being acted upon, and discharge it into waggons or other convenient receptacles ; 
these upper strata are of course the lightest, the heavier part settling upon the per- 
forated plates below. 

When from the action of the machine a considerable qnantity of material has ac- 
cumulated upon these plates, the scrapers are thrown out of pear by means of ap- 
paratus attached, hu, and the stuff raked off, the operation being then continued on 
fresh supplies. Doors, o o, at the bottom of the machines admit of any fine staff which 
may pass through the perforated plates being removed from time to time as may be 
necessary. 

These machines are in nse for cleansing coal as well as other mineral substances. 

In such cases the heavier stuff which remains upon the plates consists of shale, 
pyrites, &c., very injurious substances in the manufacture of coke. One machine of 
two connected cisterns, is capable of washing about thirty tons per diem of coal, but 
the qnantity of mineral work will depend upon the amount of ore present in proportion 
to the waste. The size of the perforations in the screens is adapted to the quality of 
the material acted upon. 

A washing machine has been arranged by Mr. John Hunt, late of Pont-Poan, 
France. This gentleman states that it requires but little water, and is so contrived 
as to circulate this water for repeated use. Several machines are in operation al 
lead mines in Cornwall. 


Separators or Classifiers. 

Of late years apparatus of this cYass has been, steadily coming into operation, not 
only in lead and copper mines, bat also in the dressing of tin ores. The prevailing 
principle is that of directing a pressure of water against the density of the descending 
material, making the former sufficiently powerful to float off certain minerals with 
which the ore may .happen to be associated. When marked difference of densities 
exist, and the ore can be readily freed from its gangue, this mode of separaticp will 
be found effective. Trommels may be advantageously employed for sixKig the stuff 
previous to its entry into the several separators. Q % 

Slime separator . — This apparatus is due to Captain Isaac Richards, of Devon 
Great Consols, and is employed for removing the slime from the finely-divided ores 
which have passed through a series of sieves set in motion by the blusher The 
finely-divided ore*are for this purpose conveyed by means of a launder upon a small 
water-wheel, thereby imparting to it a slow rotary motion. Whifct tbisSs turning 
time is allowed for the particles to settle in accordance with their several densities • 
the result obtained is that the heavier and coarser grains are found at the bottom of 
the buckets, whilst the lighter and finer matters held in suspension are poured out of 
the buckets and flow away through a launder provided for that purpose. The stuff 
remaining in«*he bottom of the buckets is washed out by means of jets of water ob- 
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g-g-.!]— teD#fe€t “ hei ® ht > “ d P 911 ^ directly into the funnel, 
The wheel A ,flg. 684«, if four feet in diameter, two feet sin inches in breadth ; hu 



twenty-four Thickets, and makes five revolution's per minute; b, launder for supplying 
the fiuely-pulrerised ore ; c, pressure-column ; d, jet-piece ; e, liiunderfor con \ eying 
off the slime overflow of the wheel ; F, launder for conveying roughs to round buddie. 

Sizing cutem. — The tails from round huddles are sometimes passed through this ap- 
paratus. It consists, fig. 68 y, of a wooden box provided with an opening at the bottom, 
A, which is in communication with a 

pressure-pipe, b, an outlet, c, and G84/ 

lias a small regulating sluice, d. The 
stuff from the buddies enters* at e, 
and the pressure in the column is so 
regulated as to allow the heavier 
particles of the stuff to descend, but 
at the same time to wash away at f 
the lighter matters that may be as- 
sociated with the ore. This is done 
by having the outlet c of less area 
than the inlet, and fixing on the 
extremity d a convenient regulating 
slyice by which means a greater or 
less quantity of stuff may be passed 
over the depression f. Two cisterns 
of this kind are generally employed, 
the second Taring list'd to collect any rongh particles that may have passed off from 
the first. The depth of the first of these boxes may be eighteen inches, its width 
thirteen inches, and its length three feet six inches. The dimensions of the second 
may be considerably less. • 

The arrangement of another separating box is shown in fi,j.i. GS4<7 and GR4A. The 
slime water flows in at x ; and water still holding a considerable portion of slime flows 
away from the opposite end. It is necessary that pieces of chip, small lumps, or 
other extraneous matter should be intercepted previous to entering tbis apparatus, 
alstPthat Ihe slimes should be evenly sized by means of a trommel or sieve. The 
heavies: portion of the slime ^iter in which the sand and ore is contained, is dis- 
charged at o, which is aboiA an inch square. The launders p p. are for the purpose 
of conveying the slime water cither to buddies or shaking tables. The dimensions of the 
cistern No. J arc, length, b'ix feet; width, one and a half feet; depth, twelve inches 
But two other cisterns of similar form are attached. No. 1 cistern will work about ten 
tons of guff in twenty -four hours, and by widening the box from eighteen totwenty- 
seven inches it will get through twenty tons in twenty-four hours. Affixed to one 
•aide of the boxes are hammers so contrived as to give thirty blows per minute in the 
manner of a dolly tub. Care must be taken in the construction of these classifiers 
that the sides forming the pyramids be neither too steep nor too flat ; if too flat the 
■and is apt to settle until a quantity has accumulated, when it would suddenly sink 
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And choke the discharge pipe o' ; and if too steep the cIassifler*»wonld f become of in- 
conveniently lane dimensions. A gradient of 50® to the horison is found to be the 
most suitable. The ehief dimensions of two cisterns, vis. one working ten, and the 
other twenty tons, are subjoined. 



According to experiments made in the Stamping House of Schemnitx, where 
twelve tons are stumped in twenty-four hours, the first cistern separated from 
the dimes 40 per Ant of the ore ; the find cistern, 28 per cent ; the 3rd cistern, 
20 per cent ; the 4th cistern, IS per cent; together, 94 per cent, ldfcving a'loss of 6 
per cent 

From No. I box every cubic foot of water flowing through gave 16 pounds of* 
sandy matter. No. fi afforded 13 pounds of finer stuff. No. 3, 16 pounds, and No. 

4 yielded is pounds per cnbic foot of water. It should be remarked that the outlet 
o is proportioned Jo the dimensions of the machine. 
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Borlate'* ifaehn ns, Jig. 684 i. The ore and mineral substances, after passing 
through the crushing apparatus, Ve introduced at a, and flow through the space* 
b b, passing into c c. At the bottom is a circular chamber s r, with a perforated 
cylindrical plate r. Water under pressure is supplied by the pipe a, and regulated 
by the cock a. 


G84t 



• It will be seen that this apparatus consists of an external and internal cone with a 
apace between them, and that a separation of the orcy matter is effected by limiting 
thf power of the water between the density of the stuff to be retained, and that 
which is to be discharged at J s into the shoot k. 

At t. the larger and denser portion of the mineral which has fallen through the 
ascending current of water, is cogveyed eithef to a jigging machine or some other 
enriching apparatus. Mr. Borlase first erected this apparatus in the United States 
of America, where it was found to answer remarkably well, and he was induced by 
this success to attempt its general introduction in this country. In this endeavour 
he has not, however, been entirely successful. Mr. Borlase has nevertheless succeeded 
imdirecting attention to the advantages to be derived from carefully devised experi- 
ments (A machines for cleaning ores from the earthy and other matters mixed with 
the more valuable ore. His Machine, above described, was employed with success 
at Allenheads. The comparative results afforded by Borlase’s Trunking machine, 
and tiie common Nicking Trunks, may be scon from the following statement. 

Lead Mixes, Allkxheads. 

Results of trials with Borlase’s 41 feet Circular Lead Ore, Sludge, and Slime 
Dressing Machine, and the common Nicking Trunks, March 1859. 

Forty-four wheelbarrows fhll of exactly the same description of slimes were put 
through each of the respective processes. 
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Machine in operation 
Occupied in Aling ma- 
chinery - - - - 
Ditto emptying - - 
Stirring, nicking, and 
emptying trunks - 
Occupied dollying the 
work - - - - - 


Labour of men and 
boya employed - - 


Borlaseb Machine. 

Trunks. 

Hours. 

Ifluutes. 

Hours. 

Minutes. 

15 

16 

0 

0 

0 

40 

0 

0 

SI 

87 

0 

0 

0 

0 

14 

3 

1 

19 

S 

0 

19 

BUI 

8 


Bonn. Minute*. 
0 0 



Produce. 


Beet work - 
Seconds - - 
Thirds - - 
Fourths - - 



Ore. 

Lrnd. 

8t. lbs. 

St. lbs 



Fig. 684 h represents a wooden cistern ▲, having an aperture B,at the bottom, abont 

an inch diameter, which is alternately 
closed and opened by means of an iron 
plate c, fitted upon the vertical shaft, to 
which is also fixed an iron paddle n, 
which revolving horixon tally keeps the 
ore and water in constant agitation. 
The tails from the various buddies, as 
well as the stuff from the cofen at the 
end of the strips, flow in at s, and pass 
through a perforated siring plate r, into 
the cutern. The rougher and heavier 
portions escape through the hole n iiito 
a strip where it is continually stirred, in 
order that it may be evenly deposited, 
and m\ the same time freed from the 
lighter particles. The overflow contain- 
ing fine ore passes by the launder o 
into catch pits, from which heads and 
middles are taken to be elaborated by 
means of buddies or other apparatus. 
When tlijf separator is employed in tin 
dressing, it if usual to divide the stuff 
in the strip connected with the bottom 
of the box, into heads and tails. The 
first is taken direct to the stamps, and 
again pulverised with rqpgh tim stuff \ 
but before the tails can & so treated 
they are re-stripped in order to gut rid of extraneous matter. 


* The cort b unduly heavy, the Mine value of labour would have maintained three 
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IFtftoi 1 # separator. — This apparatus is the invention of Mr. J. B. Wilkin of 
Wheal Bassett and Grylls, near flelston. He describes it as a “ self-acting tossing 



machine, by which the rough particles are separated from the fine and prepared for 
the inclined plane. The orey matter is earned into a small cistern by a stream of 
water which enters lit the top and passes oat at the opposite side bearing the finer 
particles with it, whilst the rougher and heavier particles escape at the bottom through 
a rising jet of clean water, which prevents the fine and light particles from passingin 
the same direction.” A ,fig. 684m, inlet of clean water, n, launder delivering the orey 
matter, c,. outlet of fine and inferior stuff, d, discharge orifice for rough and heavy 
stuff This operation must be regulated by a flood-shut. A cistern 10 feet square on 
the top, and 18 inches deep will pass through about 40 tons in 10 hours. When 
separating stamps work a smaller cistern is employed, say 14 inches square, 10 inches 
deep, this will despatch 6 tons in 10 hours. 

A valuable form of sepurutor is shown in fig, 684w, the peculiarity of which consists 


G84» 



in tlig manner of introducing the water and slimes. Instead of the latter depending 
lor separation upon the power of an ascending column of water, it here passes into a 
horizontal flow of greater or^esiPvolume and Telocity, produced by altering the tape. 
Compartments, viz. 1> 2, 3 and 4, are also fitted in the box, for the purpose cl receiving 
mineral of different densities and size, which is discharged and washed in strips set 
underneath; *▲, inlet launder to trommel ; n, waist of sheet iron ; c, trommel either of 
perforated plate, or wire gauze ; d, shoot from trommel serving to convey away the 
rougher portions p s, hopper for conveying stuff to shoot n, and from thence ip to the 
box s F, ascending column of water ; a, tap for regulating the flow of water; x, l, x, n, 
dbtlet pipes for delivering the separated stuff to strips or buddies; o, launder for 
receiving overflow from cistern ; p, q, r, valves regulating the width of the com- 
partments, also for the purpose of effecting the disposition of the different minerals 
with which the ore mav he associated. 
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In addition to the machines already described, rf slime or linage dressing apparatus 
has been designed by Mr. Boiiase. Fig, 684o represents an elevation, and/p. 684 p 
1 a plan of this machine. 



It is described by the inventor as follows:— The mineral from which it is destihd 
to separate the metallic ore having been crashed or pulverised, is conducted through 
a pipe car channel into a revolving cylindrical sieve, A a. The larger parts pass into 
a shoot or lacpder, n, and from thence into a self-acting jigging machine. The 
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■lime or fine portion pauses through the meshes of the sieve into a shoot, o, and is 
discharged into an annnlar launder, from whence it fells either into fc stationary or 
revolving distributor, dd. From thence it flows through suitable channels into the 
outer part of the machine, x. The apparatus is fixed on a perpendicular axis, r, andL 
is kept in a continual oscillatory motion by means of cranks and connecting reis, o, 
the speed of the cranks being adjusted so as to keep the slime in continual motion, 
and at the same time cause the ore to descend and deposit itself at the bottom, whilst 
the waste or lighter portion is carried towards the inner part of the machine, where 
it passes over a movable ring, h, which is raised mechanically, and in proportion as 
the ore rises in the apparatus. The waste is discharged through the outlet x, and 
conveyed away in launders, When the machine is filled with ore, it can be settled, 
as in the dolly machine, by means of percussive hammers, jj. The ore can be 
collected either by reversing the gear and lowering the ring h, or it may be washed 
into a receiver as convenient. , 

Motion is given to the vertical bar x, which is made to vibrate so as to turn by 
means of a ratchet the wheel L, fitted on a horizontal shaft, x. The ratchet is 
raised or lowered by a worm screw, in order to increase or decrease the speed ren- 
dered necessary by the quality of ore operated upon. On the horizontal shaft m 
is a worm pinion, that works a wheel on a perpendicular shaft, x, on which is fixed 
u second worm pinion, raising or lowering the tooth segment on the end of the beam 
o. This segment can be shifted out of gear. The opposite end of the beam o is 
attached to the rod P, and connected with the crossbar r, as also with the ring n, 
which has a reciprocatory motion in the centre of the perpendicular shaft f. 

From the foregoing description it would appear that Mr. Borlase has combined in 
this apparatus the pnncipLes of the round huddle with that of the dolly tub. 

This Straus, Tye, and Strip. 

These appliances may be considered modifications of each other. Instead of effecting 
a separation by relying upon subsidence according to the specific gravity of the sub- 
stances, they are mechanically impelled against a volume of water so regulated as to 
cany off the lighter particles. 

Fig. 684 5 represents the ground plan of a stroke employed in the lead mines of Wales. 

684 ? 



Its extreme length is about 18 feet, width 3 feet The top increases from 18 inches 
to 2 feet 9 inches wide. It is constructed of wood, the bottom being covered with 
sheet-iron. 

The tye is usually 20 feet long, 2} feet wide, and is often employed for cleaning 
hu&hwork. In some instances when the ore or dradge is very rich, it is crushed and 
then tyed into heads, middles, and tails, the first portion going to pile, the middles 
re-tyA, and the tails treated as refuse or washed in the huddle. 

Fig. 684 r, a, inflow of water ; n, head of tye j c, partition board. The stuff is intro- 



uuued into the cistern d, flows over the inclined front e, and is broomed at r. Between 
x and g are the heads, from o to h middles, h to x tails. _ At x is an outlet launder 
regulated with a flood shut Au outline plan of the tye is shown, fig. 684 «. 




DRESSING OF ORES. 


684# The (trip also consists of a wooden box 

with its bottom inclined at a greater or less 
angle, in order to suit the character of the 
stuff to be operated upon. The object of 
this apparatus is somewhat analogous to 
the separating box, yiz. to deprive the ore 
•of the fine particles with which it may be 
associated, and thereby to enrich it fbr subsequent treatment A rather strong stream 
of water is employed, against which the mixed mineral is violently projected by means 
of a shovel. When ores are strong and clean in their grain, but little loss can occur 
Itom this process, provided proper care be exercised in conducting it ; but if their 
structure be delicate and the constituents intimately mixed, the wastage must neces- 
sarily he great 

The illustration,^. 684 1, shows a strip, cofer, and settling cistern, with filtering 




apparatus contrived for lead ore. a, vertical launder 6 inches square, delivering water 
into the box n, 9 inches long by 26 inches wide at the point c ; d, bottom of strip 
covered with sheet iron, 6 feet long and 16£ inches wide at e. At this point a ledge 
of wood is sometimes introduced for the purpose of modifying the velocity of the 
water and forming a kind of shallow reservoir, so as to allow the workman to stir the 
stuff. At the end of the strip a cofer, f, is fixed, 1 1 inches deep, SO inches square { 
ii, settling box, 6 feet long and 30 inches deep ; x, outlet for waste water. At o is 
inserted a filtering launder, 13 inches deep, extending across the cistern. At j a 
similar launder is placed, about 9 inches deep. The water comes in at a, is lodged in 
cistern B, flows smoothly over the feather-edged board c, falls into d ; here the orey 
matter is exposed to its action, a portion settles in f, th ejtorrin and other light waste 
then descends through g, depositing itself in the box n ; and to retain the valuable 
products as much as possible it is filtered at j, through a perforated plate covering the 
bottom of the launder. In stripping care must he taken to regulate the overflow of 
water at c ; rough stuff must be subjected to a stronger current than finer matter, 
and the bottom of the strip should be constructed with a greater inclination. In some 
lead mines the buddle and hutchwork is stripped to be re-jigged whilst the stuff 
resulting from the filtering box is hand-buddled until sufficiently enriched for the 
dolly. When ore is associated with a heavy matrix, and the grain breaks into a 
lesser size than the other particles, the stripping may be performed by inversion, that 
is to wash the orey product into the cover and filtering hutch, retaining the worthless 
portions at d. 

The flat buddle. 684 u, is a modification, peculiar to the Welsh mines, of the 
inclined plane, and different from all 
others in its great proportional breadth 684 m 

as well as its very trifling inclination. # i 

The stuff is placed in agmall heap j|p r :: -- ■ '1^ Ifk- " 
on one side of the supply of water, | 

and drawn with a hoe partly against ^j-jl m t : a b 5 *** 
and partly across the stream to the hjj J? 

other sfde of the buddle, losing in its 1 I a / 

passage all the lighter parts. A heap 1 — „ — [ILL — 

of ore treated in this manner may be 

deprived of a portion of blende and pyrites, minerals which flrom their high specific 
gravity may have resisted previous operations, a, platform of boards inclined two 
and a half inches i# seven feet 6, catch pit two feet deep. The width of this buddle 
varies from ten to twelve feet • « 


Liubume machine . — This apparatus was invented by the agents of the Lisburne 
Mines, Cardiganshire, and has been most successfully employed in separating blend, 
from lead ores. Fig . 684 v represents an elevation, and fig, 684 w a ground plan of this 
machine, b, rakes or scraps set at an angle, depending from rods having 
their axis of ^motion on the arbor s. This arbor, as well as a parallel one, are 
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carried on friction rollers o o', and u braced together aa to form a kind of frame, v 
rod attached to frame, and connected with water-wheel l. n, balance beam, counter- 
poising the frame, and rendered necessary in order to equalise the motion, p p', balance 
catches serving to support the third arbor when elevated. This arbor is also parallel 



to the other two, but has its position on the top of the guide frame shown in the 
elevation. It passes immediately under the angle of the L shaped rods, and is 
mounted on friction wheels. Its action is as follows : — When the scrapers have nearly 
completed their ascending stroke this arbor is elevated by means of the wedge-shaped 
projection on the top of the frame, and immediately the balance catch actb so as to retain 
it in this position during the descending stroke, at the termination of which the catch 
comes in contact with the projecting screw shown in the elevation, thereby dropping 
the scrapers upon the face of the huddle. Consequently, in the ascending stroke 
these scrapers plough the vein stuff against the flow of the stream. The orey matter 
to be operated upon is introduced into the compartment shown on the top of the 
plan, and by means of the diagonal scrapers it is washed and passed slowly across the 
table, the heavier portion being delivered into the bin F, and the lighter matter into 
the box f\ whilst the tails are lodged in the strips nn. The water employed in 
driving the wheel is also used for the huddle, one portion of it serves to introduce the 
ore, whilst the other is regularly diffused over the surface of the table, and washes the 
waste from the stuff. In case the quantity of water is too large for settling the 
residues flowing into the strips h h, and connected with the bins f f # , discharge laun- 
ders are provided at o. 

*The table of the huddle has an inclination towards the bins 7 p / , and catch pita h h. 
This machine makes about twelve Btrokes per minute, and may be tarnished with 
any number of rakes. With twenty-two rakes, forty tons of stuff may be concen- 
trated in ten hours, so as to afford ore for the diluing sieve, whilst the blende will 
be sufficiently cleaned for the market. The cosf of this apparatus complete is about 
thirty pounds. 

Figs. 684 x and 684 y represent plun and side clcvation t of a rotary separator. The 
water-wheel a, is six feet diameter, and is constructed of wood, with sheet-iron buckets. 
The speed of the trommel is carefully adjusted to the character of the stuff intended 
to fag treated. This is effected by shifting the band on the driving cones b b. 8traw, 
heath, and other extraneous substances are prevented from entering the separating 
table by means of an iron gratifcg c, fixed near the top of the hopper. The trommel 
i>, is formed of three iron hoops braced together by flat lateral bars, six feet in length. 
Into these bars are inserted the scrapers, which are set spirally in the form of a screw. 
The hoops* arc 4 feet diameter, $ inch thick, by l£ inch wide. The scrapers are 
made of light sheet-iron, and are 9 inches wide by 6 inches deep* with shanks or 
stems si£ inchestiong, thus making the diameter from edge to edge of scrapers 6 fret. 
Twelve rows of scrapers are mounted on the periphery of the trommeL The first, 
^Bfth, and ninth rows contain nine, and the remaining rows are fitted with eight 
serapers. Each scraper is adjusted by slightly rotating the stem, and tightening the 
screw-nuts over and under the trommel-ring. „ 

The trommel is rotated against the flow of water. From the vertical axis of the 
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trommel, the table r, is more or less inclined, acceding to the«Jensity of the minerals 
to be separated. The enriched stuff is collected in the side-bin, 2} feet in width by 
8 feet in length. From this receptacle the sand may be transferred to jigging stares, 



round buddies, or other suitable dressing apparatus. The stuff deposited In the 
strake h, is either subjected to additional mechanical treatment, or, if sufficiently free 
from ore, taken to the refuse heap. 



The 11 work" to be enriched enters at c, on one side of the table, and is dash'd 
against the flowing water by the action of the scrapers. The heayier portion is pro- 
gressed across the table, and passed into an ore-bin, through an opening 18 inches 
long and 3 inches deep. The lighter materials are drifted into the strake, and ir. this 
way a separation is effected. Great care must be taken to distribute thb stream of 
water equally upon the surface of the table, and t f proportion its volume so as to 
divide the inferior from the more valuable minerals. The water flowing from the 
wheel may serve not only to supply the table, but a part of it may also be diverted 
into the feed-hopper o, and any excess discharged by the launder j. The quantity 
of stuff which canfee passed through this apparatus in a period of ten hours will 
vary with the densities of the minerals to be separated. 


Sand and Slime Dressing Machinery. 

In most mines a large proportion of the ore is composed of dradge, and has to be 
brought to a fine state of subdivision either by the crushing mill or stamps. In this 
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condition the ore is fried from iteple matter, and rendered fit for metalinrgic treat- 
ment A variety of machines have been invented and applied to this division of 
dressing, in which the leading principle is to produce a separation by subsidence, ac- 
cording to the density of the substances. In connection with this principle, the stuff 
is not permitted to nave a vertical fall, but is traversed by a flow of water, on 11 
table or bed set at snch an angle to the horizontal plane as may; be found ex- 
pedient With extremely fine staffs apparatus including both of thine features are 
sometimes subjected to a mechanical jar or vibration, so as to loosen and qject, as it 
were, the worthless matter with which it may be charged. In concentrating crushed 
or stamped ore, a certain quantity will often exist in a very minute state of division, 
unable to withstand the currents and volume of water necessary for the separation of 
the larger particles. 

The amount and richness must necessarily depend upon the united produce and 
character of the ore, as well as the mode of treatment observed. A good’ dresser will 
form as little slime as possible, since when the ore is brought to'this condition it is 
usually associated with a large mass of worthless matter ; and not only so, but the 
expense of extracting it is materially increased. The loss under tbe most favourable 
manipulation is very large, whilst the machinery requisite is probably more com- 
plicated and expensive than any other section of the dressing plant. Although several 
machines are illustrated under this head, and many more might have been added, it 
does not follow that they may be advantageously employed for every variety of ore. 

Thus an apparatus which would enrich Blinies by one operation from 1^ to 5 per 
cent might be both economical and desirable for treating copper ore, but would not 
be so important in the case of lead ore of the same tenure ; for after deducting the 
loss of metal incident to the enrichment, charging the manipulative cost on the fhll 
quantity of stuff, and estimating the relative value of the two products, it might be 
found that one would scarcely leave a margin of gain, whilst the other would yield a 
satisfactory profit 

The proper sizing of slime is as necessary as in the case of coarser work, and for 
this purpose Captain Isaac Richards, of the Devon Consols Mine, has arranged a 
peculiar slime pit. The water and stuff from the slime separated, is delivered through 
a launder into this pit, at the head of which is fixed a slightly inclined plank, divided 
into channels by slips of wood set in a radial direction from the aperture of the 
delivery launder. This pit has the form of an inverted cone, and since the water 
passes through it at a very slow rate, the more valuable and heavier matters will 



be deposited at the bottom. 1 T&is apparatus thus becomes not only & slime pit, but 
also a slime dresser. 

The ordipary slime pit has usually vertical sides and a flat bottom ; the slime and 
water enters it at one of its ends by a narrow channel, and leav|s from the other by 
the samft means.. 

A strong central current is thus produced through tbe pit, which not only carries 
•with it a portion of valuable slime, but also produces eddies and counter-currents 
towards the sides, which have the effect of retaining matters which from their small 
density should have been rejected. 
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The improved pit ,fig. 684 r, receives its slimes/rom the divided head b, and lets a 
portion of them off again at c, whilst the richer and heavier matters, which fall to 
the bottom of the arrangement, escape through the launder i>, and are regulated by 
means of the plug i, and the regulating screw a'. 

( At Devon Consols the slimes flowing from the launder d are directly passed over 
Brunton's machines, but instead of these sleeping tables may be employed. 

In many ea*es sand and slime stuff are much commingled with clay, and require 
to be broken and disintegrated before the ore can be extracted. A method for ac- 
complishing this is shown in fig. 685. ▲ is the circumferential line of a round 



huddle ; b, launder leading to such huddle, or any other enriching apparatus ; c, 
sifting trommel; o, rotating paddles ; x, tormentor; r, driving shaft. 

A modification of this method is found in the slime trommel, fig. 685 a. a , hopper, 
into which slimes are lodged ; n, launder, delivering clean water into hopper ▲ ; c, 
trommel of sheet iron, fitted in the interior with spikes for the purpose of dividing 
the stuff; d, disc, perforated to prevent the passage of pieces of chips or bits of clay 
and stone ; x, Arcnimedian pipes fitted into a disc or sheet iron, conveying water 
into ganae or perforated trommel f ; o, slime cistern ; h, cistern for receiving the 



rough staff; J, slime outlet, communicating with round huddle, or other suitable 
apparatus ; k, outlet for trommel raff, which may be delivered to a sizing cistern. 
The speed of the gauze trammel for fine slimes varies from 80 to 100 feet per 
minute. 

Band huddle . — This apparatus is somewhat extensively employed in lead mines 
for the concentration of stuff which contains but a small proportion of ora, such as 
middles and tails resulting from the round huddle, o£ the tails from strips, &c. A 
rising column of water is shown at a. This flows into £ trough n, and through peg 
holes into o. Hera the stuff to be treated is introduced, and continually agitated by 
the boy in attendance. The finer portion passes through the perforated plate at d. 
and is distributed by the fen- shaped incline x in an uniform sheet on the head of 
the huddles. A $>y stands jnst below (he line of middles with a*, wooden 
rake ; with this instrument he continually directs the descending cumnt to the head 
of the huddle, and by this means succeeds in separating a larger proportion of the 
ore than would otherwise be done. Whether the rake or the broom be employed, it 
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If ftmnd that force of tllfe fine lead i\Jbrriaed to the extreme tail of the huddle. In 
order to prerent this the frame o has been introduced. It if strained with canvass 



and always floats on the water. This canvass retains the fine lead, which is from 
time to time washed off in a cistern. The section to the first dotted line shows the 
heads of the huddle ; from this to the second dotted line will he the middles, and 
from the second dotted line the tails commence. It must, however, he remarked 
that the exact line of heads, tails, and middles must depend upon their relative 
richness. The wooden rake is undoubtedly preferable to the broom, as will appear 
from the following experiment, everything being equal in both triala 

Stuff operated upon ; tails from washing strips assayed 13 per cent 

With Broom. With Rake. 

No. 1. Heads, assayed - - 16% - - 20% 

2. Middles, ditto - 4f - - fi) 

3. Tails, ditto - 4} - - lj 

It would he found a great improvement if these huddles were arranged so as to have 
their bottoms elevated when it might be necessary. As they are fitted at present the 
angle at the head is a constantly increasing one. The result is, the heads become 
poorer and the tails richer, provided the fixed inclination of the hnddle is correct at 
starting, as the operation proceeds. In proportion to the poorness of the staff the 
huddle should have its width increased, as well as be made shallower. If the stuff 
he also passed through a trommel before entering the huddle, the result will be found 
much improved. 

The Round Buddie is said to have been first introduced into Cardiganshire, bat has 
now become general in eveiy important mining district This machine serves to 
separate particles of unequal specific gravity in a circular space inclined from the 
centre towarda the circumference. Its construction will be best understood by 
refeipnee to the annexed engraving, ./ip. 685 c in which ▲ is the conical floor, formed 



««wui anil About 18 feet in diameter, on which the stuff' is distributed; B is a 
upper part oYfoe^SU*™. and .erving to effect the equal d.- 
tribntinn of thp nppv matter d is a wheel lor giving motion to the arrangement ; 
K^iTfuiiiief perforated with four hole* aud fornwhed at top with «n »nnu tor troug h j 
rr areHnni carrying two brwhe. balanced by the weight, o o ; h « a launder for 
Vou IL H 
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conducting the stuff from the .pit 1 ; x is a receptacle in which the slimes mixed 
with water are worked np in suspension by the tormentor, which is a wooden 
cylinder provided with a number of iron spikes ; l is a pulley taking its motion 
c from a water-wheel, and x a circular sieve fixed on the arbor n. The stuff at k is 
gradually worked over a bridge forming one of the sides of a catch pit between 
the sieve x ( And the tormentor, from whence it passes off into the sieve by which 
the finer panicles are strained into the pit 1, whilst the coarser together with 
chips and other extraneous matters are discharged on the inclined floor in connection 
with the launder a From the pit 1 the stuff flows by the launder h into the fennel s, 
and after passing through the perforations flows over the surface of the fixed cone n, 
and from thence towards the circumference, leaving in its progress the heavier 
portions of its constituents, whilst file surface is constantly swept smooth by means of 
the revolving brushes. By this means the particles of different densities will be 
found arranged in consecutive circles. The arms usually make from two and a 
half to four revolutions per minute, and a machine having a bed 18 feet in diameter 
will work up from 15 to 20 tons of stuff per day of 10 hours. 

In the ordinary round buddle the stuff is somewhat unevenly distributed, as well as 
imperfectly separated. This arises from the small diameter of the cone at its base, 
and the large volume of water and slime discharged upon its limited surface. These 
objections are to a certain extent removed by an improved round buddle. Jig. 685 d. 
After the staff has passed through a revolving trommel or grating connected with the 
apparatus, and to a certain extent sized, it is conveyed, by means of a launder, into 

68 5d 



a hopper a, and falls into the basin b. The slime from this basin flows freely over 
the convex plate e k'. It will appear that this arrangement secures an uniform distri- 
bution of the stuff, and at the same time the heavier portion is concentrated with 
greater rapidity than can be accomplished by means of the common rotating buddle. 

The diameter of the hopper from o to B is 12 inches, from j to x 6 inches, 1 the 
basin from o to d is 9 inches diameter, and the conical centre from p to i* is 7 feet 
diameter. The buddle bottom is covered with plank in the usual way. Its dianteter 
is 25 feet, with an annular ditch or gullet 12 inches wide. Into this gullet the 
sterile sand is scraped, and if the nature of the ground will admit, the bottom 
of the gullet may be sufficiently inclined to scour away the stuff, by the action of a 
stream of water. Captain Josialf Thomas states that the inclination of the buddle 
floor at Dolcoath varies from l£ inch to £ an inch in the foot; vis. for working 
“ roughs " It inch, for Barnes 1 inch, for treating stamps work, £ an inch. The 
diameter of ihe wood centre f f / , also varies from 7 to 10 feet diameter. Mr. J. M. 
Pike, of Camborne, has furnished the following dimensions of a buddle erected at 
Tincroft, by Captain Teague : — 


Floor of buddle, 20 feet diameter. 

Inclination of floor of buddle, £ of an inch in a foot* 

Wood cone, 9 feet diameter, depth 15 inches. 

Number of arms in buddle, 6. 

Height of anns^om wood cone, 7 inches. 

Speed of distributing plate, 21 revolutions per minute. 

Buddle, 21 feet diameter, filled in 24 boon to a depth of 18 inches. Contents 
128 cubio feet, or 5$ cubic feet per hour, requiring 1080 gallons of water, or 204 
gallons per euble foot of staff treated. 

Tim transverse section, fin. 685 e, shows the application of these buddies to the 
enrichment of tin ores at Wheal Uny, in Cornwall, a, stamps pass 5 n, framework 
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of stamps ; o, stamps platform ; d, launder for conveying stamp work to buddies s 
and t. Between the respective buddies runs a gullet, a, into which the waste flows, 

685 s 



when the flushets, h h, are opened. The bed of each buddle is 20 feet in diameter, 
the annular spaces, 1 1, 1 foot wide, making the distance from wall to wall 22 feet 
It will be observed that the annular space is inclined towards the gullet, o. One 
buddle H sufficient to treat the stuff pulverised by a set of twelve or sixteen stamp- 
heads. At Wheal Uny, 14 buddies are employed. 

The inclination of the buddle bottom is J- of an inch per foot Motion is given to 
the centre plate and arms by means of bevil gearing, actuated by the stamping engine. 
The distributing plate of the buddle makes revolutions per minute. The stamp- 
work, when passed through a perforated plate" having 36 holes to the lineal inch, can 
be concentrated at the rate of 5 cubic feet per hour. The arrangement of ibe dressing 
floor is by Mr. J. M. Pike, of Camborne 

German rotating buddle . — This machine is said to effect the separation of the 
earthy matters from finely divided ores more readily than the ordinary round huddle. 
For this purpose the pulverised ore is introduced near the centre of a large slightly 
conical rotating table, and flowing down towards its periphery a portion of the upper 
part or head becomes at once freed from extraneous substances. Beyond this line of 
separation in the direction of the circumference, the stuff is subjected to the action 
of a series of brushes or rakes, and by means of a sheet of water flowing over the 
agitated slimes, clean ore is stated to be produced almost at a single operation. 

The illustration. Jig. 685 /, represents this machine as first erected at Claiuthal, but 



it may be remarked* that some of its mechanical details have been since judiciously 
modified Mr. Zcnner. a is on axis supporting and giving motion to the table is, 
16 feet in dianfetcr, and rising towanls the centre 1 inch per foot; c, cast-iron wheel 
15 inches in diameter, uperated fe on "by the tangential screw i>. The tooth-wheel f 
drives the pinion /, the axis of which is provided with a crank giving motion to a 
rod fitted with brushes; o is an annular receiving box 4j inches wide, and 6 inches 
deep ; a, circulffr trough of sheet-iron supported on the axis of the table an inch or 
two above its surface, and so divided that one quarter of it serves for the reception 
and equal diftnbutitm of the slime, whilst the other three quarters supply clear 
water ; 5, launder for supplying slime ore, behind which is another not shown, for 
bringing in cleur water, o, trough supplying additional water to the stuff 
agitated by the brushes. One end of this water-trough is fixed about the 
middle of the tablet whilst the other advances in a curved direction nearly to the 
circumference. 
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The amcdw dime bridle .— The object of this apparatus is to concentrate on the 
periphery of the floor, instead of the centre. This arrangement gives an immense 
working area for the heads, and at the same time admits of the separation of a greater 
portion of the waste than can be effected by the ordinary ronnd huddle. After the 
slimy wateithas been discharged on the edge, the area over which it has to be distri- 
buted is gradually contracting, thereby increasing the velocity of the flow, and 
enabling it to sweep off a proportionate quantity of the lighter matter associated with 
the ore. a represents the inflow slime launder; b , a separating trammel, through 



which the slimes puss previous to their entrance into the launder a. c, outlet launder, 
for taking off castaways; d, arbor giving motion to the buddle arms and diagonal 
distributing launders attached thereto held by the braces v id; t, bevel wheel on 
driving arbor; f, downright launder, to which is affixed a regulating cock, A, for sup- 
plying slimes to trommel ; A, launder for delivering clean water to circular box m, 
and which water passes through slot openings at p p, uniting with and thinning the 
slimy matter previous to its passing into the diagonal delivery launders; t, circular 
pit for receiving tailings. Attached to the wooden bar x is a piece of canvass with 
corresponding pieces depending in a similar manner from each arm, and which 1 serve 
to give an even surface to the stuff in their rotation. The slimes flow from four 
diagonal launders, each having its upper end in communication with box V The 
speed of the arms and diagonal launders must vary with the nature of the stuff to be 
operated upon ; for rough sands eight revolutions per minute have been found sufficient, 
but for fine slimes from fourteen to sixteen revolutions in the same time are necessary. 
The inflow of slime and water should also lyt proportioned to the speed and density 
of the stuff to be treated. No precise instructions can be offered on this head, but an 
experienced dresser world easily determine the proportions after a few trials. The 
bed is eighteen feet diameter, and has a declination of about six inches from the edge 
to the point where it unites with the borisontal portion of the floor. The cost of this 
apparatus complete is about 154, It is employed to a considerable extent iq Prussia 
and affords highly satisfactory results. • 

Experiment on slime ore, very fine and khicb intermixed with carbonate of 
iron : — 


Produce before entering buddle - - 6 per cent 

SUSSS?”' *.T mm. a 1 » rf tat 


MM* of buddle .renting 1} inehe. j 6j% >nd „ M 


deep and 18 inches - 
Taile of huddle averaging j inch deep 


S' 

- i 


and 55§ oi. of silver per ton of lead. 


Time inquired' to fill huddle, 8 hours ; number of arms in buddle, 4 ; number of 
revolutions ol arms per minute, 8. 
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Experiment oft fine symes, much associated with carbonate of iron: — 

Produce before entering the bodftle - - - - - - - 3 % 

Heads 8 inches deep, 16 inches, wide 7J% 

Middles H do. 12 do 1 % 

Tails traces. 

Number of revolutions of arms per minute, 14 s time required to fill huddle, 5 hrs. 
In working this huddle one month upon the fine and rough dimes, indicated in the 
two foregoing experiments, the results obtained were: — 

Mean. 

Assay of stuff before entering the huddle - 6*0% 


Heads afforded 12*5 

Middles 6*0 

Tails - 077 


Experiment on slime ore containing 7 J per cent of lead. 

In 12 hours 4 tons were washed, and gave 14 cwts. of crop, 28 cwts.* middles, 12 cwts. 
tails, and 26 cwts. of waste. The 14 cwts. of crop were washed in 8 hours, and afforded 
84 cwts. dressed slime ore, cwts. of middles, 4 cwts. of tails, and 1 cwts. of castaways 
The middles resulting from both operations, viz. 33 J cwts., were washed in 8 hours, 
and gave crop 4 cwts., middles !2 cwts., tails 4 cwts., and waste 134 cwts. The tails 
were now washed in 3 hours, and afforded 4 cwts. of middles and 1 2 cwts. of castaways. 
16 cwts. of middles were also washed in 3 hours, and furnished 2 cwts. crop, 6 cwts. 
middles, and 8 cwts. of castaways. In addition, 10 cwts. of crop ore were wushed 
daring 3 hours, and gave 1 ^ cwL of slime ore, crop, 1 cwt, middles, 6 cwts., castaways, 
1 cwt 

The results, therefore, show that 4 tons of rough slimes were washed in 32 hours, 
and afforded 54 cwts. slime ore at 43£ per cent, leaving 1 cwt of crop at 31 per cent., 
and 12 cwts. of middles yielding 4^ per cent A comparison was also made with the 
shaking table ; 5 tons of the same slimes were washed in 48 hours, and gave 7 cwts. 
of dressed ore, 1 cwt. of heads, and 8 cwts. of middles. 

The following are the results of an experiment made between the concave huddle 
and the ordinary round huddle, time occupied, 24 hours : — 



l’oundi. 

Water. 

wSjiu. 

Lead. 

Blende. 


Weight 
per cent. 

Assay 

per cent. 

Total. 

Army 
per cunt. 

Total. 

Quantity of slimes 
to each huddle - 

4262 

23A 

3268 

87 

284*5 

34-33 

1121-5 

Obtained from con- 
cave huddle: — 
^Crops 

Middles - 

505 

1350 

15*4 

257 

427 

1003 

23-6 

7*6 

100*8 

777 

36*65 

37*0 

155*6 

371*0 

Total 



1430 


178*5 


526*6 

• 

Obtained from round 
huddle: — 
Crops 

Middles - 

510 

2530 

24'8» 

39*2 

383*5 

1521*0 

*10*2 

7*86 

39* 

119*5 

34*64 

27*59 

133*4 

419*6 

Total • 



1904*5 


158*5 


553*0 

Loss bytoracave hi 
da round 

addle < 
do. i 

r •- 

- 

- - 

106* 

125*9 

- - 

594*0 
568 ‘5 


The tail* tying upon the horiiontal pert of concave huddle contained 37} per cent 

rf ft wlUh pereSyed that th^ much larger crop from the wnesre b . ad<Ue W V more 
than twice a* rich for lead, whilst it was only « per cent "oh« «jf 
r Quar txMe ore without blende waa then tried, and a similar weight gawe 1570 lta. n 
crop^affordingsslper cent, or 888} lbe. oflead, and 34501*. of noddle* of Hgrcenu 
produce, Iqual to 483 lbe. of lead, or together 5080 1*. of Muff, containing 1378 1*. 
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of lead. The round huddle, on the contrary, gave 455 lbs. of crop ore, of 63} per 
cent., equal to 290 lbs. of lead, 2910 lbs. of nyddles, of 18} per cent, representing 
641 lbs. of lead, or a total of 8865 lbs. of stuff, containing 831 lbs. of lead. 

Fig. 68 5k represents a huddle arranged for the treatment of fine slimes and which 



has been found to yield highly satisfactory results at several mining establishments 
in Prussia where it has recently been introduced. It is entirely constructed of metal, 
and every part is carefully fitted in order to secure an even and delicate action. The 
stuff is introduced into the hopper a, from whence it passes into the trommel B, turned 
by the hand c. The fine stuff passing through the ]ierforated cylinder D, falls upon 
the shoot f, and flows upon the concave table e. This table revolves in the direction 
of the arrow and acquires its motion by means of the strap o driving the tangent 
wheel and screw shown at n. Concentric with the table a wrought iron pipe, I, is 
fixed, which is pierced with numerous small holes. The quantity of water to this 
pipe is adjusted by the regulating cocks j j' j 7 . Beneath the table is a circular 
receptacle or bottom, K, having three compartments for receiving the washed stuff. 
From a to d the jets of water are comparatively light ; from d to c the force of water 
is increased, and still further augmented in that portion of the circle extending from 
c to o, whilst from o to x it ib sufficiently powerful to clean the huddle. In each of the 
sections a portion of waste along with a little light ore is washed into the receptacles 
underneath, from whence it may flow into strips or huddles for further separation 
or is otherwise manipulated upon u second bud&le. The water is supplied to the 
machine under pressure by the pipe l. This apparatus will wash from 80 to 100 
cubic feet of free slimes in°ten hours, or from 60 to 80 cubic feet of tough slimes in 
the same period. Lead stuff affording 4% with a light waste has been enriched to 
40% in a second revolution, and in a third and fourth rotation 40% slime lias been 
enriched so as to yield 60% of ore. The huddle table makes two rev« lutions per 
minute ; its diameter varies from 8 to 10 feet, and Che <nower required it about one- 
tenth of a horse power. One boy con serve four huddles. 

Rittenger's rotating bMk .— This apparatus is employed at Schemnitx, and is 
applicable to the treatment of fine slimes containing hut a small proportion of 
metallic substance^ The accompanying sketch (Jig. 6850 will serve to explain 
its construction and actum. The machine may he said to consist of foui principal 
parts s-2- 

lst The vertical axle a, which carries the huddle. 

2nd. The surfhee of the huddle, b . 
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3rd. The coJoeutric launders e e\ for supplying the dilated slimes, as well as 
clean water to wash thl mineral. B 

4th. The concentric launders d d, beneath the buddle for receiving the con- 
centrated minerals* and waste. 

The vertical axle a , is fitted with a cast-iron centre-piece, which receives 16 
wooden arms; these support the same number of segments, and form a circle. 
16 feet in diameter. Each segment is divided into two parts, by radial strips of 

wood, so that the wboleflrarfhce of the 
buddle is divided into thirty-two 
parts, each being 5} feet long, and 
having a fall of about 6 inches to- 
wards the centre. 

Motion is given by a tangent wheel 
and screw geared at the upper end 
of the axle, one revolution in ten 
minutes being tho required speed. 
Above the buddle are two concen- 
tric launders, the one c\ at the 
periphery, being for clean water, the 
other c, nearer the centre, for the 
contents of the sizing apparatus. 
The stuff is introduced by means of 
feeding hoards on the outer circum- 
ference of the buddle. 

Between each feeding hoard a fine 
sheet of wafcr flows to the buddle 
from the launder c. 

After the la:,t feeding hoard, the 
lauuder forms a curve towards the 
centre of the huddle, and supplies 
along its length a very fine strain of 
water, which washes the deposited 
stuff from top to bottom, carry iug 
away all the lighter particles, and 
leaving only the heavier minerals ou 
the surface of the buddle. The buddle, after passing this point in the 

coarse of its rotation, comes under a strong jet of water flowing from a 
pipe f, supplied from a cistern about 12 feet above. This water flows 

with sufficient force to drive the concentrated mineral into the launders 

d d, which is divided into different compartments, for receiving the middles 
and waste from the huddle during its revolution. These are thrown away, 
unless it be foand that the middles are worth repassing over the buddle. The 
staff for this buddle must be thoroughly Bized. The finer the slimes, 

the more perfect is the result The slimes from the sizing apparatus should 
b» thin, from 2£ to pounds of sand to a cubic foot of water being sufficient 
The quantity of slime and water supplied to the buddle varies from 6 to 6} of a 
ctfbic foot per minute. 

The water required for cleansing is from eight to nine-tenths of a cubic foot per 
minftte. 

The water for driving off the clean product is from one and a half to one and six- 
tenths of a cubic foot per minute. c 

Altogether, the quantity of wates required per minute ii about cubic feet 

The buddle, if properly constructed, extracts about 80 per cent, of the ore con- 
tained in the slimes, and will treat about 1 cwt per hou?. One-twentieth of a hone 
power is sufficient for rotating the bnddle. 

Sfine trunking apparatus.— The illustration, Jfy. 685 A, shows the apparatus em- 
ployed >ome of the lead mines of Cardiganshire. The slimes are lodged in the 
several settling pools marked t, and flow through the channels b. At c the slimes 
pass into the launder d to the box e, where they are comminuted, and from thence 
progress into the trommel r. From the circular cistern o, V-shaped launders 
diverge tea the trunks x, which are divided by partitions x. Upon the axis j in 
each buddle head, paddles rotate, and flush the slimes over a head board, where a 
partial separation is effected. The wheel l is driven by wafor from the pools a* 
and any excess is carried off by the launder x. At oo two hand- buddies aw shown ; 
• these are intended for the concentration of the heads and middles produced in the 
tranks x. The axis at p is furnished with spikes for the purpose of breaking up the 
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•lime*. After the water hai passed oyer the yjjieel l, it flows into the bonder n, 
and from thence into q. 

At the Minera lead mines, where the ore produced is very massive and capable of 
a high degree of enrichment, the slimes average 9 per cent, and are concentrated, 


by means of this apparatus, together with a round boddle and dolly tttb, to 7S per cents 
of metaL With sue tranks, one round boddle, one man, and four boys, about nine 
tons of dean ore is obtained monthly. 

Attempts have been made by Branton and others to separate metalliferous one 
of different specific gravities by allowing them to descend at regelated intervals in 
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•till water. By reverting the operation and causing the current to ascend uniformly, 
the particles may be much more conveniently and accurately classified. This has 
been done in a machine designed by the late Mr. Herbert Mackworth. Suppose a 
funnel-shaped tube, larger at the top | with a current of considerable velocity flowing 
upwards through it, grains of equal sise of galena, pyrites, and quarts, when thrown 1 
in, will be suspended at different heights depending on the velocity of^he current at 
each height. Thus cubical grains of galena, iron, pyrites, and quarts, of ^ inch 
diameter, will be just suspended by vertical currents moving at velocities of IS 
inches, 7 inches, and 5 inches linear per second ; flat or oblong particles require 
rather less velocities to support them, inasmuch as they descend more Blowly in still 
water than the cubical or spherical particles. 

A simple form of applying this principle is presented by the vertical trunks shown 
in Jigs. 685/ and 685m. Metalliferous ore, after being classified by sifting, or tin ore as it 
comes from the stamps, may be allowed to flow mixed with water down the shoot ▲. 
The supply of water should be taken from a head so as to be pdtfectly uniform in 
quantity. The water mixed with the ore flows in the direction of the arrows down 
and then np the divisions B 1 , B a , u 5 , b‘, and n ft , each of which increasing in area, the 
velocity of the ascending current diminishes in the same proportion. The particles 
of greatest specific gravity will be deposited in the bottom of n 1 . In the bottom of 
b* will be found small particles of great specific gravity and large particles of small 
specific gravity. The same relation will exist in b 1 , b* and b\ only the particles of 
each will be smaller in succession. The plugs in the holes c c c being opened as is 
found necessary, allow the accumulations in the bottom of each trunk to discharge 
themselves into separate troughs. The rocking frame and rakes d d constantly stir 
up the sediment so as to bring it under the action of the water. To produce the 



oscillation of the rakes, two spade-shaped plates E E are exposed to the action of the 
foiling water dischar ged from the end of the box which rocks the frame to and fro 



Tfee on> to the first trunks is fit for smelting; the ore Missing otti firomj 

of the other trunks is in s very favourable condition for framing, or it may be sifted 

to renew the larger particles of lew specific grotty- . aa . -vs-v 

The rack or kcMd-frame.— This is composed of a frame C, fig. 685«. which curies 


306 


DRESSING OF ORES. 


a ■loping board or table susceptible of turning to the right or lgft apod two pivots x k. 
The head of the table is the inclined plane t. A fmall board p, which is attached by a 
band of leather L, forms a communication with the lower table c t whose slope is gene- 
rally 5 inches in its whole length of 0 feet, bat this may vary with the nature of the 
core, being somewhat less when it is finely pulverised. 

In operating with the table, the slimy ore, to the extent of 15 or SO ponnds, is 
placed on th#head t, and washed over l and r on to the table ; then the operator 
with a toothless rake distributes it equally over the head, the richest particles remain 
on the highest part of the table by virtue of their greater specific gravity, whilst the 
mnddy water Alls through a cross slit at the bottom into a receptacle b. When the 
charge of ore has been thoroughly racked, the table is turned on its axes x x until it 
is brought into a vertical position, and the deposit on its surface » washed into boxes 
n' b". The box s' will contain an impure schlich which must be again framed, 
whilst b' ; will probably contain a slime sufficiently enriched to be finished by die 
dolly tub. * 

The slope of the rack table for washing tin stuff is 7} inches in 9 feet. The width 
is about 4 feet. 

The average quantity of lead slime which can be washed per day of ten hours, is 
about 30 cwt, and the water necessary, say 600 gallons. 

The general appearance of the rack is shown in the illustration, fig. 685o. a, table ; 

G85o 



is, inclined plane upon which the stuff is lodged. Clean water flows over the ledge c. 
When the table ▲ is turned in a vertical position, the racking girl washes it by de- 
pressing the lever s attached to the V-shaped launder i>, thereby discharging the 
water which it may contain. The heads, middles, and tails are lodged in the com- 
partments p, o, and h, respectively. • 

The machine frame, jig. 68 5p % consists of an inclined table, about 8 feet long, and 5 
feet wide, with sides 5 inches high. At each end are fixed axles of iron, ▲ j, which 
are centred in two vertical pieces of timber c d, and admit of the frame being turned 
perpendicularly. At the head or the frame is^ ledge e, on which numerous lozenge- 
shaped pieces of wood arc fixed in order to distribute the liquid stuff ou the entire 
width of the frame. « 

From the frame head, the stuff falls on a sloping board F, which admits of being 
turned, as it is hung by leathern hinges, when the frame assumes an upright position. 
At one of the bottom corners of the frame is a box o, into which the chief pact of the 
water from the table flows. In operating with this machine, the liqiud matter is 
admitted to the frame head e, through the hole H, 9 an& flowing in a thin sheet on the 
table I, deposits the vein stuff according to its varying specific gravity, the best quality 
being heads from 1 to 2, the middles from 2 to 3, whilst the tails are lodged at the end 
of the apparatus. To the water wheel is attached a horizontal axle"fitted at given 
distances with elms, whieh disengage at the proper time parts of the machinery 
conducted with the frame The first cam acts on the rod x, and t tops ttfc flow of tin 
stuff ; the second cam disengages a catch beneath the displacing box o, containing 
the frame water, and immediately the frame assumes a vertical position striking id 1 its 
movement a catch at x, which upsets the V-shaped launder n, containing pure water 
iu such a way as to wash the ore on the table into two cofers o and p. The frame 
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then retnrnii tcftts hoijsontal position, and the orey matter is again admitted through 
H. One boy can manage twenty 5f these frames. When employed in cleaning tin 
stag the two cofers o and p are discharged into separate pits about 15 feet long 6 



feet wide, and 12 or 15 inches deep. The refuse from the cud of the frames as well 
ns the slimy wuter from the displacing box, is either thrown nwuy or subjected to 
further treatment ; the cover o is usually taken to the hand frames, after which it is 
tossed and packed, whilst the Rtuff from cover r is again submitted to met hino framing. 

Hancock's slime frame. — The ores and accompanying waste are brought into a 
state of suspension by water, and are then by adjustment made to pass over a slight fall, 
so as to produce the greatest regularity ir its flow over tables fixed npon a given 
incline, each table having a sufficient drop from the table above. When the tables 
are sufficiently charged, clean water is introduced to pass over the charged table. 
The surfaces of the tables are subject to the action of brushes or brooms during a part 
or the whole time of both operations until the ores arc sufficiently cleaned. In some 
cases the use of such brushes or brooms are dispensed with. The ores (on the tables) 
thus cleaned are washed off into cisterns by the action of water passing over the 
surfaces of the tables after they nre raised to nearly perpendicular positions. 

Fiy. 68 5q represents, 1, framework to carry the gear on each side of the machine; 
2, the stretcher or pivot piece on which all the tables are resting; 3, centre bearings 
of the tables, to which is attached an adjusting screw for raising or falling them ; 4, 
a slide valve, which admits or shuts of£ us required, the ores, which are previously 
brought into a thin consistency with water ; 5, launder through which the ores 
pass to the heads, which are divided into sections and numbered; 6, the ores, 
.Sl-c* dropping from the heads into a launder, 7, the workiug edge of which is made 
level by an adjusting screw at each end for the ores to pass over ; 8 is a stretcher, 
passing over the heads iu both ends, bolted to 1, from which 6 and 7 are supported 
by three drop adjusting screws ; 9 are four tables over which the ores have to pass, 
first receiving the deposit of the cleanest or best ores, and the rest in gradation ; 10, 
the drop or fall from one table to another; 11, tne balance cistern, into which the 
refuse from the tables passes, and when full, by lifting the catch 12 it forms a balance 
for turning up the tables to be washed down, each table «bcing connected with rods 
and lever A ; this done, such catch is lifted up, and 13 forms a returning balance for 
tlie tables; at 14 a stream of water is introduced, passing into 15 os a receiver ; on 
the tJrning up of the tables, valves 16 are lifted by lever and rod 17, and admit the 
water into *perforated launders 18 to wash off the ores into receiveis 19, through 
which it passes out into deposit hutches. The slide valve 4 having admitted a suffi- 
cient quautity of ore, which has been deposited on the tables, is now closed, and the 
valve 20 is opened by the conductor’s hand at rod handle 21, through which a supply 
of water passes into launder 22, and flows over the tables for the purpose of cleaning 
the ores. -The framework for the brushes 23 is carried on four wheels 24, each table 
being supplied wifti a brush 25, which brashes its respective table upwards, and on 
qfriving at the heads of the tables, the brushes being all connected, are lifted by lever 
and 26 slips into the catch 27, and the brushes pass back over the tables without touch- 
ing until the lever of the catch is struck out by 28, and the brushes drop again on the 
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tablet. Eaeh brash is actf listed by screws and carried on arbors renting across the 
frame. This frame with its appendages is propellfed by a rod 29, attached to a beam 
f SO, that can be worked by any sufficient power that may be applied. 


685g 



The ores passing from the third and fourth tables through the two lower receivers 
19 into a cistern, are lifted by a plunger b, attached to beam 80 t by a rod 31, and 
passes back by launder 82 to be readmitted into slide valve 4, and rejgss the tables. 
In 11 balance cu4em is a valve 33, which on the dropping of the table lets out the 
contests. 34 is a catch for holding the frame and brushes doringtfhe time of turning 
down and washing the tables. The machine is to be worked with or without brushes 
as the character of the ores may require. It may be extended or diminished to a?.y 
number of tables, and their sise may vary as may be found necessary on the 
principle, o is a wheel acting as a parallel motion for the plunger pole and r unning 
on a bar of iron. 
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This machine was in con- 
ay stant nse at the Great Polgooth 
r Mine for some time, and it is 
said effected a saving of 80 per 
P cent, in the dressing of slimt? 

ore. It is not y> 'well adapted 
x for rough as for the treatment 
g of fine slimes; the apparatus 
may be managed by a boy at 
per day, and the cost of 
G85ff I the machine complete is about 

604 

Percussion table orStoxsbcerd. 
— The diagrams, fig*, 68 5r, 
685s, and 6854 exhibit a plan, 
vertical section, and elevation of 
one of these tables, used in the 
Hars. The arbor or great shaft, 
is shown in section perpendi- 
cularly to its axis, at a. The 
cams or wipers are shown round 
its circumference, one of them 
having just acted on n. 

These cams, by the revolu- 
tion of the arbor, canse the 
alternating movements of a 
horizontal liar of wood, o, «/, 
which strikes at the point k 
against a table «/, h , c, u. This 
tabic is suspended by two chains 4 at its superior end, and by two rods at its lower end. 
After having been pushed by the piece, o w, it rebounds to strike against a block or 
bracket n. A lever p, q , serves to adjust the inclination of the movable table, the 
pivots q being points of suspension. 

The stuff to be washed, is placed in the chest rr, into which a current of 
water runs. . The ore, floated onwards by the water, is carried through a sieve on 
a small sloping table, sr, under which is concealed the higher end of the movable 
table </, h, /■, u ; and it thence falls on this table, diffusing itself uniformly over its 
surface. The particles deposited on this table form an oblong talus (slope) upon it ; 
the successive percussions that it receives, determine the weightier matters, and con- 

f sequently those richest in metal, 

G3J/ to accumulate towards its uppe r 

" end at u. Now the workman by 

means of the lever p, raises the 
lower end d a little in older to 
preserve the same degree of in- 
clination to the surface on which 
the deposit is Ftrewed. Accord- 
ing as the substances are swept 
along by the water, he is careful 
to remove them from the middle 
of the table towards the top, by 
meaps of a wooden rake. With 
this intent, he walks on the table 
<i b c n, where the sandy sediment 
lias sufficient consistence to bear 
him. When the table is abun- 
dantly charged with the washed 
ore, the deposit is divided into 
three hands or segments d 5, b c, 
c k. Each of these bands is removed separately and thrown into the particular heap 
assigned to it Every one of the heaps thus formed becomes afterwards the object of 
a separate manipulation on a percussion table, but always according to the same pro- 
cedure. It is sufficient in general to pass twice over this table the matters contained 
in the heap, proceeding from the superior band c w, in order to obtain a pure scnltch j 
but tbe heap proceeding from the intermediate belt b e, requires always a greater 
number of manipulations, and the lower band d b still more. These successive mani- 
pulations are so associated that eventually each heap famishes pure fklwh, which is 
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obtained from the superior band cm. As to the lightest particles which the water 
■weeps away beyond the lower end of the percussion table, they fell into launders, 
whence they are removed to undergo a new manipulati on . 

Fig. 685m is a profile of a plan which has been advantageously substituted, in the 
Hus. fbr that part of the preceding apparatus which causes the jolt of the piece o u 
against the tatCe dbcu. By means of this plan, 
it is easy to vary, according to the circumstances 
of a manipulation always delicate, the force of 
percussion which a bar xy, ought to communicate 
by its extremity y. With this view a slender 
piece of wood u is made to slide in an upright 
piece, v x, adjusted upon an axis at v. To the 
piece m a rod of iron is connected, by means of a 
' hinge z ; this rod v capable of entering more or ^ 

less into a case or sheath in the middle of the piece 9 

v x, and of being stopped at the proper point, by 

a thumb-screw which presses against this piece. If it be wished to increase the force 
of percussion, we must lower the point z j if to diminish it, we must raise it In the 
first case, the extremity of the piece v, advances so much further under the com of 
the driving shaft f; in the second, it goes so much lesB forwards ; thus the adjustment 
is produced. 

The water for washing the ores is sometimes spread in slender streamlets, some- 
times in a full body, so as to let two cubic feet escape per minute. The number of 
shocks communicated per minute, varies from 15 to 36 ; and the table may be pushed 
out of its settled position at one time three quarters of an iuch, at another nearly 8 
inches. The coarse ore-sand requires in general less water, and less slope of table, 
than the fine and pasty sand. 

The following remarks on the Freiberg shaking table , are by Mr. Upfield Green, 
ft >rmerly of the Wildberg Mines, Prussia. The bed of the table is about fourteen feet 
long, by six feet wide, and is formed of double one-inch boards, fastened to a stout 
frame. The table is hung by four chains, the two hindermost are generally two feet 
Jong with an inclination of 2 to 4 inches. The two front ones, which are attached 
to a roller for the purpose of altering the inclination of the tublc, are five feet six 
inches long, and hang perpendicularly when the table is at rest 

The table receives its action from cams inserted in the axle of a water-wheel, 
acting on the knee of a bent lever. The slimes after being thoroughly stirred 
up by a tormentor, are conveyed by a launder in a box, where they are still further 
diluted with dean water, and passing through a sieve with apertures corresponding 
to the size of the grain to be dressed, flow upon an inclined plane furnished with diffu- 
sing buttons, and from thence drip on to the shaking table. 

In treatiug rough slimes the two hindermost chains are set at an inclination of 5 
to 6 inches, and the table with an inclination of 4 to C inches on its length, makes 
86 to 39 pulsations of 5 to 6 inches in length per minute. About 2} cubic feet of di- 
luted slimes, twelve of clean to one of slime-water, enter the table per minute. 

Before commencing the percussive action, the table is covered with a thin layer of 
rough slimes, and during the first few minutes only clean water is admitted. In 
consequence of the quantity of water and violent motion employed, the smaller, and 
lighter particles of ore are likely to drift down the table, and a rake is therefore 
employed at intervals to reconvey such particles towards the head of the table. Care 
must, however, be taken not to allow the water to wear furrows in the deposit 
From two to three hours are usually required for the roughest sand-slimes to deposit 
four to five inches on the head of the table. The crops are twice more passed over 
the shaking tabic and afterwards dollied. The rapidity of movement and quantity of 
clean water increase with each operation. The tails of the first operation, which are 
considerably poorer than the original stuff; may be either thrown away, or pnee xhora 
passed over the table, when the crop will be fit for treatment along with a fresh quan- 
tity of original slime. The treatment of fine slimes is similar to that of the rough, with tho 
exception that the inclination of the table, quantity of slime-water, proportion of clean 
water, and length of stroke, constantly decrease with the degree of finqpess of the 
■lime j and the number of strokes increase in proportion. In feet, for the finest 
slimes, the table has fro greater inclination than one inch on its whoje length, while 
the stroke, of which 85 to 45 per minute are made, is no longer than ^ to } an inch. The 
time required for dressing varies with the nature of the slime operated on, five tons< 
of rough slimes occupies sixty-eight hours, whilst the same quantity of very fine 
■limes requires no less than four times that period. 

Iiittaiger's percussion tables . — The primary object intended to be accomplished by 
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these tables, is the extraction of goA, silver, and other valuable ores from the vein 
staff with which they may be associated. 

Fig*. 6850, 68510, represent front elevation and plan of two tables in one frame 
divided by the strip s ; these tables are suspended by rods freon the points o, in such * 



manner that they represent an inclined plane, the upper or higher end being at x if. 

The sand and water, after passing througn the siiing trommel x, is supplied to the 
tables at 1 /, the other places 2 1 and z 7 being for the admission of water only. As the 



tables are suspended from four points, they are free to oscillate in one direction, that 
is, at right angles to the direction of their inclination. This oscillation u produced 
by a cam wheel acting upon the end of the beam a, upon which the table is mounted. 
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the pushing it in one direction, and a spring bringing it'oack with a sharp blow, 
when the cam catches it, and a quick succession of blows is the result It will thus 
be seen that the staff under treatment is subjected to two forces, the one being the 
stream of water tending to wash the particles to the bottom of the table, the other 
- being the blow, to bring the ores over to the ridges a J. The effect of these com- 
bined forces is to induce the heavier or metallic particles to describe in their descent 
curvilinear lines, the light minerals suspended in the water reaching the bottom 
of the table much quicker, and being less acted upon by the side blows, describe the 
shorter line r, r / , and leave the table almost in a straight line from the feeding plane 
/ and L 

The tables are mounted on a rectangular frame, to which also is fixed the trans- 
verse beam which receives the blow. The surfaces of the tables are planed as smooth 
as possible, and are framed in and divided by the strips s. Each table is about 8 feet 
long by 4 fret wide. 

At file lower end of tbe table are openings ff * 9 /*,/*, under which are three 
parallel launders, which receive the stuff from the respective divisions of the table, 
the launder t receiving tbe clean mineral, the launder i> a mixture of ore and waste, 
and the launder n the waste. To obtain successfhl results from these tables, care 
must be taken that the surfaces are perfectly smooth, and that in the direction of the 
blows they are set so as to be quite horizontal. 

The stamp work must not flow on a feeding board above a foot in width. 

The length of stroke and number of blows vary according to the stuff to be treated ; 
the coarser the material, the longer, stronger, and fewer blows are nccessaiy. The 
quantity of water containing mineral in suspension, to be fed on a single table, 
is of coarse stuff 1*2 gallon, containing 4 pounds of sand and of slimes, three- 
qnarters of a gallon or water, containing about 13 ounces of sand in suspension. 
The action of these tables is precisely that of the vanning shovel ; and any ore 
which can be cleaned upon the shovel, can be dressed in a superior manner upou the 
table. 

Two tables, making 1 20 blows per minute, require to be driven by a 1 5 feet water- 
wheel, and 50 gallons of water per minute. Each additional table will take 
30 gallons of water per minute to drive it The cost of separation, by means of 
water power, is from five to six farthings per ton ef sand. 

To the kindness of Mr. Charles Eemfry, I am indebted for the elevation of a 
stosaheerd erected at the Breinigerberg Mines. It has the merit of being extremely 
light, requiring little power, and of performing its work in a highly satisfactory 
manner. Fig. 685*, a, table swung by chains, b b', its width being 3 feet and length 
12 feet A greater or less inclination is given to the table by raising or lowering the 
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screws c d. At the upper dhd of the table is a buffer, d, which acts against a counter 
buffer, x. A sliding bar, r, is also fitted between the table and percussion lever o. 
This lever is struck by cams fitted on the axis B. driven by the runner j. The 
slimes to be treated flow into the cistern x, 30 inches long, 13 inches wide, and 18 
inches deep. Into this box a tormentor is introduced for the pwpose qf breaking 
ap thrf slimes. The bottom is fitted with a launder l, 7 inches long, and 5 inches 
wide. From this launder proceeds a head-board x, expanded to toe width of the 
table, and fitted with buttons, for the purpose of dispersing the slimes equally on the 
bead of toe table. 
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At the Breinigerhe^g mine the dimes are very fine and tough, and not rich in 
metal. With the round huddle unimportant results were obtained ; but the stos*- 
heerd concentrated them satisfactorily. About five tons of rough slime are enriched 
per day on four tables, whilst from nine to ton tons of the enriched slime are 
despatched in a similar period. 

The four tables are managed by two hoys, at a cost of Is. 2d. per day. The cost 
of these machines complete, including water-wheel, 9 feet diameter, Ind 3 feet in 
breast, was 114 L 

Sleeping tables . — Figs. 685y, 685 z, represent a complete system of sleeping tables . 
tables dormantes , such as are mounted at Idria. Fig. 685 y is the plan, and fig. 685 s 
a vertical section. The ores, reduced to a sand by Bt amps, pass into a series of conduits, 
ft a, bb, cc, which form three successive forms below the level of the floor of the works. 
The sand taken out of these conduits is thrown into the cells q\ whence they are 

transferred into the trough e, and 
4*0 ff .4 water is run upon Hliem by turning 

two stop-cocks for each trough. The 
9 sand thus diffused npon each tal le, 
runs off with the water hy a groove 
/, comes upon a sieve h , and spreads 
itself upon the board q, and thence 
falls into the slanting chest or sleep- 
ing table ik . The under surface k 
of thi< chest, is pierced with holes, 
which may he stopped at pleasure 
with wooden plugs. There is a con- 
4 duit m, at the lower end of each table 
to catch the light particles carried off 
by the water out of the chest ik, 
jmj , 08. 'iz through the holes properly opened, 

6 Ell while the denser parts are deposited 

npon the bottom of the chest A 
. general conduit n, passes across at 

, ^S eaafl BSSSSIsr the foot of all the chests, i k, and 

«!?? t -—I - - J ~JI “ rece ^ v ® 8 the refuse of the washing 

OpifrMh In certain mines of the Harz, 
c tables called d balai, or sweeping 

d tables, are employed. The whole 

of the process consists in letting 
flow, over the sloping table, In successive currents, water charged with the ore, 
which is deposited at a less or greater distance, as also pure water for the pnr- 
pose of washing the deposited ore, afterwards carried off hy means of this 
operation. 

At the upper end of these sweeping-tables , the matters for washing are agitated in a 
cheftt, by a small wheel with vanes, or flap-boards. The conduit of the muddy waters 
opens above a little table or shelf ; the conduit of pure water, which adjoins the 
preceding, opens below it At the lower part of each of these tables, there is a 
transverse slit covered by a small door with hinges, opening outwardly, by falling 
back towards the foot of the table. The water spreading over the table, may at 
pleasure be let into this slit, by raising a bit of leather which is nailed to the table, so 
as to cover the small door when it is jn the shut position ; but when this is opened, 
the piece of leather then hangs down into it Otherwise the water may be allowed 
to pass freely above the leather when the door is shut The same thing may be done 
with a similar opening placed above the conduit By means of these two slits, two 
distinct qualities of schlich may be obtained, which are deposited into two distinct 
condiyts or canals. The refuse of the operation is turned into another conduit, 
and afterwdhls into ulterior reservoirs, whence it is lifted out to undergo a new 
washing. .... 

Br union* s machine.— This apparatus appears to be well adapted few the utilisation 
of the ore contained in very fine slimes. At Devon Great Consols it is extensively 
employed, not only to concentrate the viscid kind of slime sometimes found at the 
periphery of the round huddle, but also to dress the tops and midflles resulting from 
the dollyiiftr operation. * . 

The small water-wheel, shown in fig. 686, is sufficient to dnve six of these 
nfiichines, vis. three on each side. Before the stuff is permitted to enter npon the 
rotating cloth, it is disintegrated by tormentors, and passed through a sizing 
Vul. II. I 
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trommel ; it then flows over the head or dispersing board x*on to tine doth. This 
cloth rotates towards the stream on two axles, if and k, and is supported by a third 



roller n. It is also stiffened in its width by numerous laths of wood. Glenn water 
is introduced behind the entrance of the dime, in order to give it the proper con- 
sistency. Different degrees of inclination arc given to the cloth by raising or 

lowering the roller x, by means of the screw 
x. The heavier particles lodged on the 
cloth are caught in the wagon n, whilst the 
lighter matter is floated ovflr the roller m. 

The following particulars are furnished 
ov Captain Isaac Richards, of Devon 
Great Consols : — 

One revolution of the cloth is made in 
4} minutes ; its length is about 29$ feet, so 
that it travels, say 6$ feet per minute. Its 
width is four feet two inches. 

Before the slime comes upon the doth, it 
is reduced to a size of ^ of an inch, and 
yields an average of 1$ per cent of copper ; 
but by means of this machine the stuff is 
concentrated so as to afford 5 per cent In 
ten hoars it will clean 1$ tons, at a cost of 
Is. per ton. The speed of the doth must, 
however, be varied with the condition of 
the stuff; if it be very poor, the doth most 
travel very much slower, since the enrich- 
ment requires a longer period of time. 

At the end of the machine, and worked 
by the same water-wheel, is a dolly tab; 
but the dimensions and mode of work- 
ing this apparatus are fully stated qt page 
115 . 

Bradfords dime apparatus, fig. 686 a, has 
been extensively employed at the Bristol 
Mines, situated in Connecticut, United 
States. 

Its action is intended to imitate that of 
the vanning shovel. The slime enters by 
the launder ▲, about five inches wife, and 
descends 9 on the inclined hedl which 
expands from the width of the launder to 
within a few inches of the width of the 
table frame b. The dime box is per- 
forated at d with numeroufc holes, each 
( of whidi is fitted wit^ small r regulating 

The table b b is 2 feet 2 inches wide, and2 feet 10 inches long, with abottom formed 
of sheet copper. It is suspended by the vertical rods xx, and varying degrees of 
inclination are given to the table by altering the levers h h. For the purpose of 
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quickening or decreasing* the action qf the table two cones are employed ll', upon 
which the driving band is shifted as may be necessary. A band from a runner, fitted 
on the axis of vie cone l, communicates motion to a pulley wheel? m, upon the 
shaft of which are cranks attached to connecting rods a, giving motion to the 
table. 

When the machine is in operation, the ore flows over at r, into the launder 
beneath it, whilst the waste is carried over the opposite end into the trough e. 

Professor B. Silliman, jun.. and Mr. J. D. Whitney give the following particulars 
of results realised by this machine: — The total weight of ere stuff dressed during 
128 days was 11,948,900 pounds of rock stamped and crushed, or ff,080 tons miners* 
weight 

The total ore sold from this quantity of stuff was 128 gross tons (2,352 lbs.), or 
2j&per cent of the stuff worked over. By the Captain's vans the average richness 
or the stamp work (forming much the larger part of what goes to the separators) for 
22 weeks was 2*32 per cent The humid assay of the average work frftm the stamps 
for five weeks in July and August, gave for the richness of the stuff dressed on the 
separators 3*28 per cent of ore, gr *984 per cent of metallic copper. There is, 
therefore, an apparent loss in the tailings of ^ per cent of 30 per cent ore, or 
of copper. The amount of ore, however, lost in the tailings does not exceed ^ to -ft 
per cent, or about per cent of copper. The actual products of working, therefore, 
as may be seen, exceed for the machines the average richness of the Captain's vans. 

Of the total ore produced in this time, 1 81 ,1226 pounds came from the separators, 
and 160,858 pounds from the jiggers. The whole amount of staff therefore required 
to produce this amount of ore, estimated from the above ratio (1'15 : 1) is 768,680 



pounds. This may be taken approximately as the actual quantity which passed over 
the scifcrators, and if calculated on the Captain’s vans, it should have produced 
177 9G1 pounds of ore, while in fact it did produce 181,126 pounds, or a variation in 
excess Tor the machines of only 3,210 pounds. Each of the separators therefore 
dresses about 1 J tons of rock daily, of stuff yielding an avenge of 2-5 per cent of 30 

inching kieve.—' This apparatus is employed for the purpose of exclnd- 
ing fine refuse from slime fire, which has been rendered 

nearly pure bjf previous mechanical treatment. In using 

it the workmen proceed thus: — TJe kieve, fig. 6865, is 
filled to a certain height with water, and the dolly ▲ 
introduced. A couple of men then take hold of the handle 
b, and turning it rapidly, cause the waters to assume a 
circular motion. The tossing is then commenced by 
shovelling In the slime until the water is rendered some 
what thick. After continuing the stirring for a short 
period, the hasps e e are loosened, and the bar J> with the 
dolly are suddenly withdrawn. The tub is then packed b/ 
striking its outside with heavy wooden mallets. When this 
• operation ia ttrminstld, the water it poured off through plug-hole, in the wderfrf 

lb Tl%‘ object of the rotary motion created by the doHy ie to «cour ogjkyey «r 
other matter adhering to the ore, whilit the packing hasten* the subsidence or 

1 2 
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the denser portions. In one operation of Ibis kind fofr distinct strata may be 
procured, as indicated by the lines ab,cd efg t hck, in fig. 686c. 

The npper portion, via. from ▲ to b, will probably hare to be set aside for thither 
washing, whilst the schlich c should be fit for market The conical nucleus in the 
centre of the tub generally consists of coarse sand, and is usually farther enriched on 
a copper bottom sieve, or else submitted to the action of a tye, or other suitable 
apparatus. 

Machine dotty tab . — This kieve is packed by machinery represented in the 
accompanying woodcut, in which ▲ is a small water-wheel working a vertical shaft b, 
and driving another shaft o. At the bottom of this is fixed a notched wheel d, which 
presses outwardly the hammers e e ; these are mounted upon iron bars r f 7 , and 
violently driven upon the side of the kieve by means of springs o o'. 

The degree to which ore can be concentrated by dollying must evidently depend 
upon several conditions •— 1st The initial percentage of the ore. 2nd. The con- 
dition to which it is reduced. 3rd. The matrix with which it is associated. 4th. 
The proportion of water employed. And lastly, if the rotation and packing have been 



Judiciously performed. An experiment upon some sandschlich lead ore, much inter* 
mixed with fine carbonate of iron, gave the following results : — f 

Introduced into dolly tub, 17 cwt., assayed, 48%. 

Time required to introduce stuff - - - - - 6 min utes. 

Dolly rotated --------- 5 ,, 

Dolly withdrawn*- 

Tub packed --------- 5 

Running off water ----- - - -6 m 

Skimming and cleaning out tub - - ... “ £2 

Total - 42 


Top shimmings - 
Second 

Clean orJJ middles 
„ bottom 

Fine schlich 

Total 


- 4 cwt, assayed 

■ a 


; I 

• 1 

- 17 


- 20 % 
• 45 
- 65 
* - 67* 
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It may be remarked, tflat none of the various processes of dressing is more satis- 
factory than that of dollying, since, u carefully conducted, little or no loss of the 
total quantity of ore can occur. 

Vanning is a method commonly practised by the dressers of Cornwall and Devon- 
shire, by which they ascertain approximately the richness and properties of the ore 
to be treated. If the otject be to determine the value of a pile of stuffy it is carefully 
divided, then sampled, and a portion, say a couple of ounces, given to the vanner. 
If the stuff thus given should be rough, it is reduced to the tenure of fine sand, and 
in this state put upon the vanning shovel The operator now resorts to a cistern or 
stream of water, and by frequently dipping the shovel into it, and imparting to the 
shovel when withdrawn a kind or irregular circular motion, he succeeds in getting 
rid iff a greater or less portion of the waste : that which remains on the shovel is 
then considered equal to dressed work and assayed. So accurately is this operation 
performed by many of the tinners, that parcels containing only fifteen pounds of tin 
ore per ton of stuff, are sold by it to the mutual satisfaction of both bftyer and seller. 

The vanning process is also well adapted for determining the properties of an 
ore. If, by this method, vein stuff should withstand concentration, no machinery is 
likely to dress it. If also the loss of ore is found great, then the apparatus to be 
employed for effecting the enrichment will have to be carefiilly considered and con- 
structed. 

Fig. 6860. The vanning shovel A, is 14 inches long, and 13 inches wide at the 



top, the edge of which is sligfitiy turned up. The shovel is also formed with a 
hollow or depression. The handle is about 4 feet long. The vanning cistern is 
shown at n. 

Hushing It often occurs, that the water employed on the dressing floors makes 
its es»pe below the refuse or waste heaps. This may be used for the P n n**e 
hashing, which operation is performed in the following manner. The husher diverts 
the escape water into a rivulet and introduces a given quantity of Waste. He then 

• • .1 v ▲ l— ^ m%A m ami ov tri 


— -i B* ven qwntity of \. 

builds a.dam or reservoir, with a door or trap valve at the high end, in order to 
collect the necessary water for hashing, and puts aside all the large stones lying JJ 1 
the middle of the hush gutter in order to form them jnto a wall. After this, he starts 
his hush by lifting the door of the darn® which slides in a wooden frame adapted for 

that purpose. ■ . 

This allows the water to rush out, and displaces the warie to a certain depth, at 

the same time driving it forwird. ... 

If the hush has bared or uncovered ft forthcr quantity of large stones in the 
middle «f the Batter, they we again removed to one aide, aince they t^ld retart tne 
forte and actifn of the water. Wltfn these impediment, are ^“oyed,thewateriS 
repeatedly discharged from the reaervoir until the waate is huAedoff the ow, -hiffli 
ia found lying In holes, and around earth and fast stones, in the bed of the nrnfct. 
A. clay tottoin la found to be most fovonroble for hushing, and the velocity and 
power of the attain should be proportioned to the siae and density of the waste to be 
treated. 

Forwarding and Luting Apparatus. 

Besides the machinery required for the enrichment of orrt ft is a iM^ of.geilt 
importance to introduce such auxiliary arrangementa s* shsJI 
actual dressing, bat also he in themselves somewhat inexpensive, in tm» oivwon, 
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si in every other, the mem should be strictlf idapted to the end, and ought not to 
bear a cost disproportionate either to the circumstances or prospective advantages of 
an undertaking. 

The shovel. Jfy. 686 f 9 usually employed in British mines is of triangular shape, and 
made of good hammered iron pointed with steeL The dimensions vary, but one of 
an average »*ise is about 11 inches wide at the top, and 13 inches from the point to 



the shank, weight 4 pounds, and costs one shilling ; to which must be added, five 
pence for the hilt, or handle. The hilt should be of ash, free from knots and slightly 
curved. * 

Picking boxet, fig. Z86g, are employed for the purpose of collecting the prill and 
dradge ore from the stuff with which it may be mechanically intermixed. These 

1 4I. J V.. .L!14 fPL 1 1 


handle is sometimes nailed to the ends of the box. 

Wheelbarrow. — The sides, ends, and bottom, are composed of deal 1 J inch thick. 
The ends are mortised to the sides, whilst the bottom G86h 

is generally fastened by means of nails, and bound ^ 

with slips of hoop iron at the angles. Hoop iron is 
also employed to protect the upper edges of the 
barrow. The wheel is often made of wrought iron, 

(f round) and 14 inches diameter. Its axes rotate 

in wrought iron ears. The extreme length of the sides of a well-proportioned 
barrow is 60 inches, depth at centre 9 inches ; the ends are inclined as shown in 
the fig. 686 h The cost of a barrow with wrought iron wheel complete, will vary 
from 6s. 6dL to 7s. 

Hand barrow. — When large quantities of stuff have to be removed from place 
to place on the surface, and where it would be in* 6 g 6j - 

convenient to use the wheel-barrow, a barrow 
having handles at both ends is employed. It is 'JT ' Je 

made of deal plank l£ inch thick ; the length of : 

the sides is ft feet 6 inches ; depth in centre, 9 inches ; ? 

width, 18 inches at top and 10 inches at bottom i — - r - r — "" 

length, 24 inches at top and 18 inches at bottom ; cost complete about 4s. 6 d. 

Railroad s. — The gauge of surface roads varies from 2 feet 4 to 2 feet G inches 
within the rails. Instead of manufactured rails, com- 
mon flat wronght-iron, 2$ inches wide and j inch , 

thick, is oftentimes employed. An extremely ser- 08 k 

vlceable rail is formed of a strip of timber 2 ine’ es * 

square, upon which is laid wrought-iron, lj inches 
wide and £ inch thick, fastened by means of nails 

Tram waggon and turn table . — A good tram waggon \ \ \ 

and turn table is shown fig. 686A. The waggon is bnilt f 7] \ 1 V 

of wronght-iron, with cast-irodf wheels. The latter [ // \ j .. > 1 f 

are usually 12 inches diameter, with flanges* 1 inch §’/ | 

deep and tires from 2 £o 3 inches wide. The turn fB SSfe W v 

table is of cast-iron. It docs not rotate, but the 
waggon is easily directed to either line of rail by 
ineans of the circular ring ; the elliptical loops in 
advance serving to guide and place the wheels on --Ij ’ZZrl^e 
the rails, • ~ * 


JjP V apparatut . — It wraetimes happens that the surface ii nearly level, and 
affords very little natural fall. In such case the enrichment of ores becomes more 
expensive from the necessity of shifting some of the various products by manual 
labour, and of (introducing lifting appliances in order to procure requ is it e eleva- 
tions for carrying out the various clahontive processes. It is, moreover, scarcely 
practicable from the conformation of the ground to form uscfbl reservoirs of water 
within a reasonable distance | neither does it commonly occur in such cases thht a 
free supply can be obtained for washing. 
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me pumping engirt if therefore required to famish the requisite quantity of 
water. This is generally conveyed cnrerthe floors by wood launders, often interfering 
with each other and obstructing the direct circulation of 
686/ cart8 ’ rcHways, &e. Now if a stand-pipe or pressure 
column were erected at the engine, and a main Judiciously 
laid throughout the floors, it is obvious that it would not 
only remedy this evil, but also afford water hr the several 
washing purposes, as well as motive power for common, 
dash, or other wheels, together with turbines, flap Jacks, fee. 

When an inconsiderable proportion of water has only 
to be raised to a higher level the common shoe or chain- 
pump will be found to render effective services but 
when a larger stream is requisite it would be better 
to employ the rotary pump. This pump ,fig 6861, has 
been brought to great perfection by Ifenrs. Gwynne s 
A is the suction-pipe, and B the discharge, the dotted 
lines showing the discharge b, horizontal when required. 
Pumps of the following dimensions are stated to raise 
and discharge per minute for medium lifts, say from 10 to 70 feet high:— 

Diameter of Diameter of 

discharge-pipe. ■ action-pipe* 

1 1 inches. 8 inches. 

■I d „ 

4 „ 5 ,, 

6 „ 6 ,, 

6 „ 7 n 

7 „ 8 * 

Stuff consisting of dimes and sand may be readily elevated by means of a 

.la cob’s ladder or the Archimedean screw, illustrated at page 469, YoL I, jig. 269. 
For short elevations combined water and raff wheels may be advantageously 
employed. 

Fig . 686m, a, water-wheel ; n, raff or inverted wheel; c, axis of both raff and water 
wheels, carrying a tooth driving wheel ; d, suing trommel ; a, launder for inlet of stuff ; 


Gallons of 
water per minute. 

86 

70 

160 

800 

600 

1400 




F, discharge launder; o, shoot delivering water and raff to launder h ; x, cistern 
receiving flime from trommel. 

Slime pits. — In the several operations of cleansing ores from mod, in grinding, and 
washing, where a stream of water is used, it is impossible to prevent some of the 
finely attenuated portions floating in the water from being carried off with it 
Slime pits dr labyrinths , called huddle holes in Derbyshire, are employed to collect 
that matter, by receiving the water to settle at a little distance from the P“®® °* 
agitation. * • . 

• These basins or reservoirs are of various dimensions, and from 84 to 40 inches 
deep. Here the suspended ore is deposited, and nothing but clear water is allowed 
to escape. 
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The workmen employed in the mechanical preparation of c £he oifa are paid, in 
Cumberland, by the piece, and not by day's w&es. A certain quantity of crude 
ore is delivered to them, and their work is valued by the bing, a measure con- 
taining 14 cwt of ore ready for smelting. The price varies according to the rich- 
ness of the ore. Certain qualities are washed at the rate of 2*. 6 <L, or 8s. the 
bing | while others are worth at least 10 s % The richness of the ore varies from 
2 to 20 binge of galena per sh\ft of ore; the shift corresponding to 8 waggon 
loads. 

In the year 1857, Herr Von Sparre, of Eisleben, Prussia, patented four machines 
for separating substances of different specific gravities, in all of which water is em- 
ployed, either as a medium through which the said substances fall under the action 
of gravity, or as an agent for facilitating the motion of portions of the said substances 
along inclined surfaces. The particulars, together with illustrations, will be found in 
patent No. 1405 for the year 1857. 

The mechanical preparation of tin and copper ores has from time to time been 
noticed by several writers. In 1758 Borlase described the method employed in the 
west of Cornwall. Twenty years later, Price, in his Mincralogia, added to Bor- 
lase’s description, and illustrated some of the apparatus then in use. Afterwards 
Dr. Boase published, in the second volume of the Transactions of the Geological 
Society of Cornwall, an article upon the dressing of tin in Sl Just In volume 
four, Mr. W. Jory Henwood inserted a paper on dressing ; and some general re- 
marks will be found on the subject in De la Bdche’s Rcjtort oh the Geology of Corn- 
wall. The enrichment of lead ores has been noticed by Forster, in his Section 
of Mineral Strata ; also by Warington W. Smyth, in his memoir On the Mines 
of Cardiganshire, iu the second volume of the Memoirs of the Geological Survey of 
Great Britain . 

In France, Dufrenoy and Elie do Beaumont, CoBte, Perdonnet, and Moisscnct 
have treated on the mechanical enrichment of copper, tin, and lead ores. The latter 
gentlemun has frequently visited this country, and given the results of his observa- 
tions in a highly interesting memoir, entitled Preparation du mineral detain dans le 
Cornwall, and also in the Annales des Mines , tome ix. 1866, Too much attention 
cannot be given to this section of mining economics, for with the increasing pro- 
duction of ores, especially of ores of low produce, and the ill-adapted machinery 
oftentimes employed, the loss in concentrating them is an item of most serious 
moment, any induction of which will be so much positive gain to the conntry. 

In this paper We have included those machines which have been long employed in 
our metalliferous mines, — many of them having been proved by experience to be 
most economical, — together with Buch of the modem introductions as apj>ear to 
promise the most advantage, and some suggestions which cannot but be valuable, 
since the principles involved are founded upon the universal laws of gravitating 
power, as applied to solids and fluids in motion. 

It is not essential to describe the dressing routine observable in a particular mine, 
since it is scarcely possible to observe the same system in any two distinct concerns. 
In the various modes of treatment, however, it may be remarked that the two leading 
features will always be reduction to a proper sice and separation of the ore frtim 
the refuse. Until the vein Btuff arrives at the crusher or stamps, the labour is 
chiefly one of picking and selecting, but from these machines usually commend* a 
long series of divisions, subdivisions, selections, and rejections. To follow these 
out in their various ramifications would not only exceed the limits of this paj>cr, 
hut would perhaps be misunderstood by those not intimately acquainted with the 
Bulject — J D. • 

DRUGGET is a coarse, hut rather slight, wotfilen fabric, used for covering carpets, 
and as an article of clothing by females of the poorer classes. — tJre . 

The manufacture of druggets of various kinds has been of late years considerably 
improved, and carpets, many of them handsomely figured, are now found in common 
Use. t 

DRY GRINDING. The practice of employing dry stones has been ldbg adopted 
for the purpose of quickening the processes of sharpening and polishing steel goods. 
The dry dust from the sand stone, mixed with the fine particles of steel, being inhaled 
by the workmen, produces diseases of the pulmonary organs to such an extent, that 
needle and fork grinders are reported rarely to live beyond the ages of twenty-five or 
thirty. • 

Mr. (Abraham, of Sheffield, first invented magnetic guards, which, beibg pluccd 
close to the grindstone, attracted the particles of steel, and thus protected the men 
from their influences. Still they suffered from the effects of the fine sand-dust, and 
the grinders heedlessly abandoned the use of them altogether. 
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Mr. Abraham devised another plan, which is employed, although only partially, in 
the Sheffield works. The grindstone is enclosed in a wooden case, which only ex- 
poses a portion of the edge of the stone j a horizontal tube proceeds as a tangent fror 
the upper surface of the circle to the external atmosphere. The current of air gene 
rated by the stone in rapid revolution, escaping through the tube, carries off with i 
nearly all the dust arising from the process. It is curious to find so simple a con 
trivance frequently rejected by the workmen, notwithstanding that sffil experience 
teaches them, that they are thereby exposing themselves to the influences of an atmo- 
sphere which produces slowly but surely their dissolution. 

DRYIN G OILS. When oils, especially linseed and nnt oils, are boiled with litharge 
or oxide of lead, they acquire the property of solidifying or drying quickly on expo- 
sure to the atmosphere. These arc very usefhl to the painter, as without them the 
pigments with which they are mixed would remain soft. The oxide of lead appears 
to establish a state of more easy oxidation in the oils, so that they assume readily the 
conditions of a resin. » 

DRY ROT. This kind of decay in wood is ascribed to the attacks of fhngi, 
especially to Polgponu hybrid at, and Thdepora puleana . There is no donbt that, 
by the formation of fungus, rot or decay may bo commenced, and continued to a 
certain extent ; but there are numerous cases where rot is due to an entirely different 
cause— a spontaneous decomposition. 

Dry rot differs but little in the causes producing it, or in the result, from Wet 
Rot. They are both alike the effect of the conversion of the carbon of wood into 
carbonic aci<T, and its hydrogen into water. The process is again the same as that 
by which wood is converted into humus, and into brown coal. Mayer gives the 
analysis of oak wood, and of humus produced from it, as follows : — 


Carbon - 


. 


. 

Oak Wood. 

- 6253 

Humus. 

48*32 

Hydrogen 

- 

- 

- 

- 

- 5-27 

4*57 

Oxygen - 

- 

- 

- 

- 

- 42-20 

30 58 


In this change, 773 per cent of carbonic acid, and 2*6 per cent of carburetted 
hydrogen, are disengaged. 

The examination of the decay of wood, and its conversion into the brown powder 
(humus) which marks rottenness, shows that the change is almost entirely dependent 
on the absorption of oxygen. The decrease iu the volume of wood during its decay is 
difficult to account for, unless we suppose, which is probable, that as much escapes in 
the form of carburetted hydrogen as there does of carbonic acid and water. 

Hollow trees are sometimes met with, whose wood is entirely decayed away, 
nothing being left but the bark, and a quantity of pulverulent wood, which is altogether 
disproportionate to the hollow space. In most cases, likewise, the cavity extends so 
far below the lateral opening in the trunk that we cannot suppose the decayed wood 
to have been washed away by rain, at least, not during the last stages of the change. 
It is, therefore, very desirable that continued .careful observations should be made 
with regard to this point. On the other hand, the slight loss of substance by the 
wood during the first stages of its decomposition, explain why the alteration of 
wooden piles under water appears to have taken place without any diminution of 
volume. If, indeed, besides this, inorganic substances — for instance, silica — should be 
introduced into the place of the organic constituents separated, it would not bo 
difficult to account for the increased firmness and density presented by wood which 
has remained for some time under water. It has been seen that the conversion of 
ligneous fibre into a pulverulent substance, and into humus, admits of adequate ex- 
planation by means of the thi ee csftes mentioned above, and, what is especially 
important, that it may be supposed to take place independently of external oxygen. 
The formation of carbonic acid is, then,’ during the first stages of the decomposition, 
either extremely small or altogether wanting. The change commences with the 
separation of oxygeu and hydrogeu in the form of water, and the separation of 
oxygen and carbon, as carbonic acid docs not commence until a later period. It is, 
likewise, probable, that at a still Utter period carbon and hydrogen are separated in 
thes form of carburetted hydrogen. % 

The remedy for dry rot is the use of snch substances as will, when penetrating the 
wood, combine with its albuminous matter, and solidify it Hence corrosive subli- 
mate, sulphate of copper, and arsenic acid have been found to be excellent preserva- 
tives. Where thejscan be applied, nitric acid and sulphuric acid are very advanta- 
geous, especially where the growth of fungi is the cause of rot, or when vegetation 
hdk followed the decomposition, os it not unfrequently does. See Wood l hkseuving. 

DUCK. (DkA, a cloth, Swedish ; tuch. Germ.) A coarse cloth, a ligbt *ort of 
cumm It is used for common articles of apparel, for small sails, and tne like. 



122 


DYEING. 


DUCTILITY ( Streckbarckeit , Germ.) is the property of brfng drawn ont in length 
without breaking, possessed in a pre-eminent degree by gold and silver, as also by many 
other metals, by glass in the liquid state, and by many semifluid, resinous, and 
gammy substances. The spider and the silkworm exhibit the finest natural exercise 
* of ductility upon the peculiar viscid secretions from which they spin tlieir threads. 
When a body can be readily extended in all directions under the hammer, it is 
Boid to be malleable, and when into fillets under the rolling press, it is said to be 
laminable. 


Table of the Ductility and Malleability of Metals, 


Mctiib Ductile and 
Mallcablo in Alpha- 
betical Order. 

Brittle Metals 
in 

Alphabetical Order. 

Metali In the Order 
of their Wire-drawing 
Ductility. 

Metal* In the Order 
of tlieir Laminable 
Ductility. 

Cadmium. * 
Copper. 

Gold. 

Iron. 

Iridinm. 

Lead. 

Magnesium. 

Mercury. 

Nickel 

Osmium. 

Palladium. 

Platinum. 

Potassium. 

Silver. 

Sodium. 

Tin. 

Zinc. 

Antimony. 

Arsenic. 

Bismuth. 

Cerium ? 

Chromium. 

Cobalt 

Columbiom ? 

Iridinm. 

Manganese. 

Molybdenum. 

Osmium. 1 

Rhodium. 

Tellurium. 

Titanium. 

Tungsten. 

Uranium. 

Gold 

Silver. 

Platinum. 

Iron. 

Copjter. 

Zinc. 

Tin. 

Lead. 

Nickel. 

Palladium? 

Cadmium? 

Gold. 

Silver. 

Copper. 

Tin. 

Platinum. 

Lead. 

Zinc. 

Iron. 

Nickel. 
Palladium ? 
Cadmium? 


There appears to be therefore a real difference between ductility and malleability ; 
for the metals which draw into the finest wire are not those which afford the thinnest 
leaves under the hammer or in the rolling press. Of this fact iron affords a good 
illustration. Among the metals permanent in the air, 1 7 arc ductile and 16 arc brittle. 
But the most ductile cannot be wire-drawn or laminated to any considerable extent 
without being annealed from time to time during the progress of the extension, or 
rather the sliding of the particles alongside of each other, so as to loosen their lateral 
cohesion. See Malleability. 

DULSE. The Ehodomenia palmata. See Alga. 

DUNES. Low hills of blown sand, which are seen on the coasts of Cheshire and 
Cornwall, in this country, and also in many places skirting the shores of Holland and 
Spain. * 

DUNGING, in calico-printing, is the application of a bath of cowdung, diffused 
through hot water, to cotton goods in a particular stage of the manufacture. Dodging 
and scouring are commonly alternated, and are two of the most important steps in the 
process. See Calico Printing. • 

DUTCH LEAF or FOII*, a composition of copper and lime, or of bronze and 
copper leaf. See Allots, Brass* and Bronze Powders. 

DUTCH LIQUID. A name given to an felly substance produced by the action 
of chlorine on olefiant gqp. It was discovered at the close of the last century by an 
association of Dutch chemists. 

DUTCH RUSH. Equisetum Hymale, ThiB rush is known also os the Larye 
branchless Horse-tail, The dried stems are much employed for polishing wood and 
metal. For this purpose they are generally imported from Holland. •» * 

DYEING (Teinture, Yr . ; Fdrlterei, Germ.) is flic art of imparting to and fixing 
upon wool, silk, cotton, Jjncn, hair, and skins any colour, with sufficient tenacity, not 
to be removed by water or the ordinary uRagc to which these fibrous bodies are 
exposed when worked up into articles of raiment or furniture. We shall here consider 
the general principles of the art, referring, for the particular dyes and the manner of 
treating the stufffc to be dyed, to the different tinctorial substances to their hlphabetical 
order. 

Dyeing, although altogether a chemical process, and requiring for its correct Ex- 
planation an acquaintance with the properties of the elementary bodies, and the laws 
which regulate their combination, has been practised from the most ancient times, 
long before tyiy just views were entertained of the nature of the changes that took 
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place. And it is still practised tyr many who know very little of chemical science, 
and, like many of the other chemical arts, its practice is often in advance of the 
science by which its principles are explainable. The art no doubt originated in that 
love of distinction inherent in the human mind, inducing man, for its gratification 
to stain his dress or his skin with the gaudy colours of the vegetable kingdom. Tta 
earliest historical record speaks of coloured garments being worn as marks of dis- 
tinction for offices both political and religious, and also as marks of* favour. Jacob 
gave his favonrite son Joseph a coat of many colours, and Moses speaks of a raiment 
dyed blue, and purple, and scarlet, and of sheepskins dyed red, circumstances which 
indicate no small degree of tinctorial skill, lie enjoins purple stuffs for the works 
of the tabernacle and the vestments of the high priests.. 

^ In the article Calico Printing, it has been shown from Pliny that the ancient 
Egyptians cultivated the art of dyeing with some degree of scientific precision, since 
they knew the use of mordants, or those substances which, though they impart no 
colour themselves, yet enable white robes (Candida vela ) to absorb colouring drugs'* 
(< valorem sorbentibus medicament ^ ). 

Tyre, however, was the nation of antiquity which made dyeing one of its chief 
occupations and a staple of its commerce, and it is asserted by all writers upon the 
subject, that the invention of the celebrated purple dye, known aB the Tyrian purple, 
was mode in that city, and the king of Phoenicia, being so captivated with the colour, 
it is stated that he made it one of his principal ornaments, and it became afterwards, 
and continued to be for many centuries, a badge of royalty. 

The discovery of the purple dye is said to have been mode 1500 years before the 
Christian era. It must have met with a very early and general appreciation, and 
rapid commercial progress. As we find that, nine years after the above date, the 
children of Israel, an enslaved people, on their leaving Egypt, had in their possession 
large quantities of this dye, and it was extensively used by them, a short time after, for 
the furniture of the tabernacle and the vestments of the priests; and in after years 
this dye was always named amongst the valuable spoils of war ; that it was the 
dress of royalty at a very early period, is indicated by the mention, amongst the 
sj»oi Is of the Midians collected by the Israelites, of the purple garments worn by 
their kings. 

The juice employed for communicating this dye was obtained from two different 
kinds of shell-fish, described by Pliny under the names of purpura and buccinum ; and 
was extracted from a small vessel, or b&c, in their throats, to the amount of only 
one drop from each animal. A darker and inferior colour was also procured by 
c.rushing the whole substance of the buccinum. A certain quantity of the juice col- 
lected from a vast number of shells being treated with sea-salt, was allowed to 
ripen for three days ; after which it was diluted with five times its hulk of water, 
kept at a moderate heat for six days more, occasionally skimmed to separate the 
animal membranes, and when thns clarified was applied directly as a dye to white 
wool, previously prepared for this purpose by the action of lime-water, or of a species 
of lichen called fucus. Two operations were requisite to communicate the finest 
'Syrian purple ; the first consisted in planging the wool into the juice of the purpura ; 
the second, into that of the buccinum. Fifty drachms of wool required one hundred 
oft the former liquor, and two hundred of the latter. Sometimes a preliminary tint 
was given with coccus, the kermes of the present day, and the cloth received merely 
u fiiysli from the precious animal juice. The colours, though probably not nearly 
so brilliant as those producible by our cochineal, seem to have been very durable, for 
Plutarch says, in his Life of Alexander (chap. 36). that the Greeks found in tlie 
treasury of the king of Persia a large quantity or purple cloth, which was as beautiful 
as at first, though it was 190 years old. .... 

The quantity of purple, said to be found by Alex&ndet *n the treasury of the king 
of Persia, is differently stated : — 1st, os amounting to 5000 talents; 2nd, as being 
of the value of 3000 talents ; 3rd, as weighing 5000 quintals. Besides these dis- 
crcjftint statements it is not clear whether these values or weights refer to cloth dyed 
or to the dye drug, although it jyould be an important fact to know that the dye could 
l>e thus preserved for a length of time. Horace celebrates the Laconian dye in the 
follow iug lines : — 

Nee Laconicas liiihi 

Trahuut honest® purpuras client® ; 

which have bee* translated as — • 

“ No honourable lady dependents 
Spin Laconian purple for my use.” 

Notwithstanding its almost universal use in more ancient time* it gradually de- 
dined, so that, either from the difficulty of collecting the dye, or the tedious com- 
plication of the dying process, so expensive wus it that, about the ‘commencement 
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of the Christian era, one pound of the purple wool^of Tyre costf in Rome, about thirty 
pounds of our money. 

Notwithstanding this enormous price, such was the wealth accumulated m that 
capital, that many of its leading citixens decorated themselves in purple attire, till the 
emperors arrogated to themselves the privilege of wearing purple, and prohibited 
its use to every other person. This prohibition operated so much to discourage this 
curious art as eVentually to occasion its extinction, drat in the western and then in the 
eastern empire, where, however, it existed in certain imperial manufactories till the 
eleventh century. 

Gage, Cole, Plumier, Reaumur, and Duhamel have severally made researches con- 
cerning the colouring juices of shell-fish caught on various snores of the ocean, and 
have succeeded in forming a purple dye, but they found it much inferior to that 
furnished by other means. Tne juice of the buccmum is at first white ; it becomes 
t by exposure to air of a yellowish green bordering on blue ; it afterwards reddens, 
and finally changes to a deep purple of considerable vivacity. These circumstances 
coincide with the minute description of the manner of catching the purple-dye shell- 
fish which we possess in the work of an eye-witness, Eudocia Macrembolitissa, 
daughter of the Emperor Constantine VIII., who lived in the eleventh century. 

The heautifol purple dye, which is now extracted from guano, is probably closely 
allied, both in property and appearance, to the Tyrian purple. 

Dyeing seems to have been little cultivated in ancient Greece. The people of 
Athens generally wore woollen dresses of the natural colour, a circumstance forming 
a peculiarity in that nation, composed of a people who were such lovers of art 

The Romans appear to have bestowed some care upon the art of dyeing. In the 
games of the circus parties were distinguished by colours. Four of these are de- 
scribed by Pliny, the green, the orange, the grey, and the white. The following 
ingredients were used by their dyers: — A crude native alum mixed with copperas, 
copperas itself, blue vitriol, alkanct, lichen rocellus or archil, broom, madder, woad, 
nut-galls, the seeds of pomegranate, and of an Egyptian acacia. 

In Europe the progress of dyeing, as of all other arts, was completely stopped for 
a considerable time by war and invasion, and did not revive till about the beginning 
of the thirteenth century, and then so rapidly did its progress extend in some 
localities, that, towards the beginning of the fourteenth century, there were no less 
than two hundred dyeing establishments in Florence. At the same time the Italians 
and Venetians also prosecuted the art of dyeing to a large extent. 

The art of printing proved for the dyeing as well as other arts its great pioneer 
and propagator. In the middle of the 16th century, Plicthu'a Art of Dyeing was 
printed, which gave general instructions for dyeing all kinds of fabrics, and laid the 
foundation for that improvement of this art, which soon after followed throughout 
Germany, France, and England. 

In the east, the art of dyeing did not experience that decline which passed over all 
the arts of Europe ; hence the beautiful dyes of India maintained their high charac- 
ter ; and, to this day these dyes are produced by processes differing little from those 
practised in the days of Pliny.* - , 

The discovery and opening of America to commercial enterprise, formed an era in 
the history of the art of dyeing, as from that country were introduced a variety of 
new dye-drags, such as logwood, braxilwood, quercitron, cochineal, annotta, &c., 
which, with the discovery of the use of tin as a mordant about the same time, gave 
the dyer a facility and power of producing such a variety of tints, and of such a depth, 
durability, and lustre, that it is now* difficult to conceive possible to have been pro- 
duced in formeT times. * 

About the same time was discovered the art of useing indigo as a dye, which it is 
believed the ancients only kfiew as a pigment. The introduction of this dye-drug 
into this country met with strong opposition, concerning which a writer in the 
“ Penny Cyclopedia " says, 

“ Indigo, the innoxious and beautiful product of an interesting tribe of tropjfal pilots, 
which is adapted to form the most useful and substantial of all dyes, was actually de- 
nounced as a dangerous drug, and forbidden to be used, by our parliament in the reign 
of Queen Elisabeth. An act was passed authorising searchers to burn both it and log- 
wood in every dye-house where they could be found. This act remained ip full force 
till the time of Charles 1L j that is, for a great part of a century. A foreigner might 
have supposed that foe legislators of England entertained such an affection /or their 
native wtoad, with which their naked sires used to dye their skins in the old times, 
that they would allow no outlandish drug to come in competition with it. A most * 

* In India was discovered the mode of dyeing turkey red, which is the most durable dye known, as 
well as the richest tint that can lie produced on cotton. It was Introduced Into France and KiikIsihI 
about the middle of last century, and Is still carried on to an extraordinary extent and perfection. 
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instructive b&k might be written Ulustrativc'af the evil* inflicted upon arts menu- 
futures, and commerce, in couse< jhence of the ignorance of the legislature.” ' 

More recently another class of dye-drags have been introduced, and have super- 
seded some of those of the former century ; these are bichromate of potash, red and 
yellow prassiate of potash, manganese, catechu, arsenic, &c. 

Colours are not, properly speaking, material j they are impressions which we receive 
from the rays of light reflected, in a decomposed state, by the surface v>f bodies. It is 
well known that a white sunbeam consists of an indeterminate number of differently 
coloured rays, which, being separated by the refractive force of a glass prism, form the 
solar spectrum, an image divided by Newton into seven sorts of rays 5 the red, orange, 
yellow, green, blue, indigo, and violet. Hence, when an opaque body appears coloured, 
for example, red, we say that it reflects the red rays only, or in greatest abundance, 
mixed with more or less of the white beam, which has escaped decomposition. Accord- 
ing to this manner of viewing the colouring principle, the art of dyeing consists in 
fixing upon stuffs, by means of corpuscular attraction, substances which act upon lights 
in a different manner from the surfaces of the stuffs themselves. The dyer ought, there- 
fore, to be familiar with two principles of optics ; the first relatively to the mixture of 
colours, and the second to their simultaneous contrast. 

Whenever the different coloured rays, which have been separated by the prism, are 
totally reunited, they reproduce white light. It is evident, that in this composition 
of light, if some rays were left out, or if the coloured rays be not in a certain proportion, 
we should not have white light, but light of a certain colour. For example; if we 
separate the red rays from the light decomposed by a prism, the remaining coloured 
rays will form by their combination a peculiar bluish green. If we separate in like 
manner the orange rays, the remaining coloured rays will form by their combination 
a blue colour. If we separate from the decomposed prismatic light the rays of greenish 
yellow, the remaining coloured rays will form a violet. And if we separate the rays of 
yellow bordering on orange, the remaining coloured rays will form by their union an 
indigo colour. 

Thus we sec that every coloured light has such a relation with another coloured light 
that, by uniting the first with the second, we reproduce white light; a relation which 
we express by saying that the one is thr complement of the other. In this sense, red 
is the complementary colour of bluish green ; orange, of blue ; greenish yellow, of 
violet ; and orange yellow, of indigo. If we mix the yellow ray with the red, we 
produce orange ; the blue ray with the yellow, we produce green ; and the blue with 
the red, we produce violet or indigo, according as there is more or less red relatively 
to the blue, llut these tints are distinguishable from the orange, green, indigo, and 
violet of the solar spectrum, because when viewed through the prism they are reduced 
to their elementary component colours. 

If the dyer tries to realise the preceding results by the mixture of dyes, he will 
succeed only with a certain number of them. Thus, with red and yellow he can make 
orange; with blue and yellow, green; with bine and red, indigo or violet. These 
fact the results of practice, have led him to the conclusion that there are only three 
primitive colours ; the red, yellow, and bine. If he attempts to make a white, by 
applying red, yellow, and blue dyes in certain quantities to a white stuff, in imitation 
of the philosopher’s experiment on the synthesis of the sunbeam, far from succeeding, 
he will deviate still farther from his purpose, and the stuff will by these dyes become 
coloured of a depth varying according to the quality of the stuff used ; until a fall 
black is produced. Nevertheless, the principle is applicable, and in many cases 
adopted in practice by blending the yellow, red, and blue rays in order to produce or 
improve an otherwise imperfect white. WHen a little ultramarine, cobalt blue, 
Prussian blue, or indigo is applira to bleached goods with the view of giving them 
the best possible white, if only a certain proportion bg nsed, the goods will appear 
whiter after this addition than before it In this case the violet blue forms with the 
brown yellow of the goods a mixture tending to white, or less coloured than the 
yellow of the goods and the blue separately were. For the same reason a mixture of 
prassiaff blue and cochineal j>ink, or archil and cudbear, is used for whitening of 
silks in preference to a pure mue, for on examining closely the colour of the silk to be 
neutralised, it was found by the relations of the complementary colours, that the 
violet was more suitable than the pure blue alone. The dyer should know, that 
when lie* applies several different colouring matters to staff, as yellow and blue 
separately, they will appear green, not because the colouriug gutters have combined, 
but because tHI eye cannot distinguish the points which reflect the yellow from those 
which reflect the blue, and it is this want of distinction that produces the combined 
colour. With such a dye the colour will appear of different tints, the blue or yellow 
prevailing according to the position in which it is placed to the eye, whether seen 
by reflected or transmitted, light, but when the dye applied to the stuff is m chemical 
union, producing a green, such as arsenite of copper, the yellow and. blue rays cannot 
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be thus distinguished. Other instances of mixed colours will lye seen'oy examining 
certain grey substances, such as hairs, feathers, &C. with the microscope, by which 
it is sera grey colour results from black points disseminated over a colourless or 
slightly coloured surftice. The microscope may be thus usefully applied by the dyer 
to distinguish whether a colour be the result of a mixed or a combined dye. 

liie dyer should also be acquainted with the law of the simultaneous contrast of 
colours. When the eye views two colours close alongside of each other, it sees 
them differing most, in the height of their tone, when the two are not equally pale or 
full-bodied. They appear most different, when the complementary of the one of them 
is added to the colour of the other. Thus, put a green alongside of an orange, the 
red colour complementary of green being added to the orange, will, make it appear 
redder. And in like manner, the bine complementary of orange being added to the 
green, will make it appear more intensely bine. 

It is not sufficient to place complementary colours side by side to produce harmony 
*bf colour, the respective intensities having a most decided influence ; thus, pink and 
light green agree, red and dark green also ; but light green and dark red, pink and 
dark green do not, therefore, to obtain the maximum of effect and perfect harmony, 
the following colours must be placed side by side, taking into account their exact 
intensity and tint 

Primitive Colour. Secondary Colour*. 

Red - Green - Light bine; Yellow; Red 

Blue - Orange - Red ; Yellow; Blue 

Yellow orange - Indigo - Blue ; Red ; Yellow 

Greenish yellow - Violet - Red; Blue; Yellow 

Block - - White - Yellow; Blue; Red 

The mixedcontrast gives the reason why a brilliant colour should never be looked at 

for any length of time, if its true tint or brilliancy is to be appreciated; for if a person 
looks, for example, at a piece of red cloth for a few minutes, green, its complementary 
colour is generated in the eye, and adding itself to a portion of the red, produces 
black, which tarnishes the beauty of the red. This contrast explains why the shade 
of a colour, may be modified according to the colour which the eye has previous 
looked at, either favourably or otherwise. An example of the first instance is noticed, 
when the eye first looks to a yellow substance, and then to a purple one ; and as 
exemplifying the second case looking at a blue and then at a purple. 

The relations of dyeing with the principles of chemistry, constitute the theory of 
the art, properly speaking ; this theory has for its basis the knowledge — 

1st Of the nature and properties of the bodies which dyeing processes bring into 
contact 

2nd. Of the circumstances in which these bodies are brought together, facilitating 
or retarding their action. 

3rd. The phenomena which appear during their action ; and, 

4th. Properties of the coloured combinations which are produced. 

The first of these generalities embrace a knowledge of the preparations, which 
stuff necessarily undergoes previous to dyeing, and also the preparations of the dye* 
drug before bringing it into contact with the stuff. 

The operations to which stuffs are subjected before dyeing, are intended to separata 
from them any foreign matters which may have become attached, or ore naturally 
inherent in the stuff. The former are such as have been added in the spinning, 
weaving, or other manipulations of the manufacture, and are all removed by 
steeping in an alkaline lye and washing. The second are the natural yellow colouring 
substances which coat some of the various fibres, bath vegetable and animal ; and the 
chlorophylle, or leaf-green of vegetables. The removal of these is generally effected 
by boiling in soap and alkaline lyes. A weak bath of soda, in which the stuff is 
allowed to steep for some time, and then washed in water, is generally the only pre- 
paration required for wool, in order that it may take on a uniform dye. 

To remove the gammy or resinous matter from silk, it requires boiling in goap fye; 
however, its removal ia not essential to the stuff combining with the dye, as silk is often 
dyed while the gum remains in it, in which cose it is only rinsed in soap lye at a very 
moderate heat, to remove any foreign matters imbibed in the process of manufacture. 

Vegetable fibre, as cotton, has such natural resinous matters that retard the re- 
ception of the dye removed by boiling, either with or without alkaline lyes ; but the 
natural dun colour of* the fibre if not removed, which from the lag's of light and 
colour already referred to, would interfere with the production of bright light tints; 
under these circumstances, the natural colour of the fibre has to be previously removed 
by bleaching, for which see the article, Bleaching. 

The necessary preparation of the dye-drugs within the province of the dyer, is to 
obtain the colour in a state of solution, so as to allow the fibre to absorb it, and to 
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produce chemicaf combination, or to get the dye or colour in such a minute of 
division as it will penetrate or enter Ato tlic fibre of the stuff. These preparations 
embrace the formation of decoctions, extracts, and solutions, and also in some cases of 
precipitation, previous to immersing the stuff into the bath. Stuffs, chemically 
considered, have but a feeble attraction for other matters, so as to combine with them 
chemically; still that the v do possess certain attractions is evident from various 
phenomena observed in the dyeing processes, and that this attraction is possessed 
with different degrees of intensity by the different fibres, is also evident from the ease 
and permanence that woollen stuff will take up and retain dyes compared with 
cotton ; and also, that certain dyes arc retained and fixed within or upon one kind of 
fibre and not at all in another. This may be determined by plunging the dry stuff 
into solutions of the salts, and determining the density of the solution before the 
immersion and after withdrawing the stuff. Wool abstracts alum from its solution, 
but it gives it all out again to boiling water. The sulphates of iron, copper, and 
sine, resemble alum in this respect Silk steeped for some time in a solution of 
protosulphate of iron, abstracts the oxide, and gets thereby dyed, and leaves the 
solution acidulous. Cotton in nitrate of iron produces the some effect Wool pnt in 
contact with cream of tartar, decomposes a portion of it ; it absorbs the acid within its 
]K>rcs, and leaves a neutral salt in solution in tho liquor. Cotton produces no snch 
effect with tartar, showing by these different effects that there are certain attractions 
totween the stuff and dyes. This attraction, however, may be more wbat is termed 
a catalytic influence, the fibres of the stuff producing a chemical action with the salt 
or dye, with which it is in contact. This attraction or affinity of the fibre for the 
dye-drug, does not prodnee a very exteusive effect in the processes of dyeing. More 
probably the power of imbibing and retaining colours possessed by the fibre is more 
dependent upon a mechanical than a chemical influence. 

All dye-drugs must in the first instance be brought into a state of solution, in order 
that tlie dye may be imbibed by the fibre ; but if the fibre exerts no attraction for the 
colour so os to retain it, it is evident that so long as it remains capable of dissolving 
in water, the stuffs being brought into contact with water, will soon lose their colour. 

A colour thus formed does not constitute a dye, however strongly stained the stuffs 
may appear to be, in or out the dyeing solution; in order to form a dye, the colour 
must be fixed upon or within the stuff, in a condition insoluble in water. Hence 
the mere immersion of the staff into a solution of a colour will not constitute a dye, 
except where the stuff really has an attraction for the colour and retains it, or causes 
a decomposition by which an insoluble compound is fixed upon it, such as referred to 
by putting stuffs into solutions of iron. The abstraction of the colour from a solution 
by the immersion of the stuff, is often the result of a mechanical attraction possessed 
by porous substances, enabling them to absorb or imbibe certain colouring matters 
from solutions that are held by a weak attraction by their solvents. On this principle, 
a decoction of cochineal, logwood, brazil-wood, or a solution of sulphate of indigo, 
by digestion with powdered bone black, lose their colour, in consequence of the 
colouring particles combining by a kind of capillary attraction with the porous carbon, 
without undergoing any change. The same thing happens when well scoured wool 
is steeped in such coloured liquids; and the colour which the wool assumes by its 
attraction for the dye, is, with regard to most of the above coloured solutions, but 
feeble and fugitive, since tlic dye may be again abstracted by copious washing with 
simple water, whose attractive force therefore overcomes that of the wool. The ai.l 
of a hifeh temperature, indeed, is requisite for the abstraction of the colour from th * 
wool and the bone-black, probably by enlarging the size of the pores, and increasing 
the solvent power of the water. * 

Those dyes, whose colouring mat&r is of the nature of extractive, form a faster 
combination with staffs. Thus the yellow, fawn, and tyo^n dyes, which contain 
tannin and extractive, become oxygenated by contact of air, and insoluble in water ; 
by which means they can impart a durable dye. When wool is impregnated with 
dccoctyous of that kind, its pores get charged by capillurity, and when the liquid 
becomes oxygenated, they remain filled with a colour now become insoluble in water. 
The fixation of iron oxide and several other bases also depends on the same change 
within the pores or fibre, hence all salts that have a tendency to pass readily iuto tho 
basic state are peculiarly adapted to act os a medium for fixing dyes ; however, this 
property is ndt essential. 

In onier to impart to the stuffs the power of fixing the colour iman insoluble form 
upon it, redburec it^had to other substances, which will combine with the soluble and 
form with it an insoluble colour ; and it is not necessary that this new substance 
slrould have an attraction for the stuff, or be capable of passing into a basic term, any 
more than the original colour, but it is necessary that it be rendered insoluble while 
in contact with the stuff. . _ . 

Such substances used to unite the colour with the stuff have been terxqpd mordants, 
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which meant that they had a mutual attraction for the staff ar.d colour, and combining 
with the staff first, they afterwards took up tbfc colour ; but this is only so in some 
instances. A few examples will illustrate the bearing of these mordants. If a piece 
of cotton stuff is pnt into a decoction of logwood, it will get stained of a depth accor- 
ding to the colour of the solution, but this stain or colour may be washed from the 
cotton by putting it into pure water, the colour being soluble. If another piece of 
cotton stuff ta put into a solution of protosulphate of iron, and then washed from this, 
a portion of the iron will have undergone oxidation, and left the acid, and become 
fixed upon the fibre and insoluble in water. Whether this oxidation is the result of 
an influence of the stuff, or the effect of the oxygen of the air and water in which the 
goods are exposed, it dpes not matter meantime, only this fixed oxide constitutes an 
example of a mordant by its combining with the stuff. If this stuff is now put into 
a decoction of logwood, the colouring matter of the logwood will combine with the 
oxide of iron fixed upon the fibre, and form on insoluble colour, which after washing 
will not remove* from the stuff. If, instead of washing the stuff from the sulphate of 
iron solution in water, it be passed through an alkaline lye of soda or potash, the 
acid holding the iron in solution is taken hold of by the alkali, and removed. The 
oxide of iron is thus left upon the stuff, in a much larger quantity than in the 
former case, and as firmly fixed, although not by any attraction between it and the 
fibre, but simply being left within it And this stuff being now put into the logwood 
liquor, will form a dye of a depth according to the quantity of iron thus fixed upon 
the staff, and equally permanent with that which had been fixed on the stuff by the 
oxidation in working. 

Such then are the methods of fixing within the stuff insoluble colours from soluble 
compounds, and from these remarks the necessity of having the dye in solution will 
also be evident 

Suppose again that the sulphate of iron be mixed with the logwood decoction, there 
will be produced the some colour or dye os an insoluble precipitate : if the cotton 
stuff is put into this, no colour worthy of the name of a dye will be obtained, os the 
cotton will not imbibe within its fibre this precipitate. Place woollen stuff in the same 
liquid, there is formed a very good dye, the woollen fibre having imbibed a great por- 
tion of the solid precipitate, probably owing to woollen fibres being much larger than 
those of cotton. Thus, with cotton and other staff that will not imbibe freely solid pre- 
cipitates, the mordant most be fixed within the fibre previous to applying the colouring 
substances, such as the vegetable decoctions. It will also be seen that the dye which 
is the product of combination between the mordant and colour is not that of the natural 
colour of the drug, but the colour of the compound. Hence the great variety of tints 
capable of being produced from one dye-drug, by varying either the kind or intensity 
of the mordant So that in the above instances, it is not the colour of the hematoxylin 
fixed on the staff, but its compound with iron, or tin, or alumina, as the case may be, 
all of which give different tints. 

It is upon this principle of rendering bases insoluble while within the fibre by 
chemical means, that has brought to the use of the dyer a great number of mineral 
dyes which in themselves, whether separate or combined, have no attraction whatever 
for the fibre ; such as solutions of sulphate of copper, and yellow prussiate of potash, 
nitrate of lead, and bichromate of potash, &c. Suppose the staff to be dyed a yellow 
by the two last named salts, was first put into the solution of lead and then washed 
previous to being put into the bichromate solution, the greater portion of tjie lead 
would be dissolved from the staff, and a very weak colour would be obtained. If the 
stuff from the lead solution was pgt directly into the bichromate solution, a very good 
dye would be the result ; bat the portion of the flotation remaining upon the surface of 
the staff will combine with the chrome and form a precipitate which the fibre cannot 
imbibe, but will form an external crust or pigment upon the surface, which blocks up 
the pores, and exhausts to no purpose the dye, causing great waste: hence the stuff 
from the solution of lead is put into water containing a little soda or lime, and the 
lead is thus reduced to an insoluble oxide within the fibre. The goods may low he 
washed from any loose oxide adhering, and the?, passed through the bichromate 
solution, when the chromic acid combines with the oxide of lead, forming a permanent 
yellow dve. Thus it will be seen that whether the combination of the colour with 
the staff be chemical or mechanical the production of the dye which is fixed upon the 
fibre is certainly a chemical question, and the dyer should be familiar with the nature 
and principles of these reactions. 

There are a few instances where the dye produced docs not come wiihinthe sphere 
of these principles, there being no mordants required, nor any combination of the 
colour formed within the stuf£ but the dye-drug in its natural hue is fixed within the 
fibre. Snch coloan have been termed aubatantive^ to distinguish them from those pro- 
duced by means of mordants, which are termed adjective . Amongst this class of dyes 
and dye-drugs stands pre-eminent indigo blue. Indigo in its natural state is entirely 
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insoluble in wat^r, and is of a deep blae colour. The composition of this blue indigo 
is represented as — ** 

Carbon - - - 16 I Nitrogen - - l 

Hydrogen 5 | Oxygen - * - 2 

But it is found capable of parting with a portion of the oxygen, and by so doing, 
losing entirely its blue colour ; and in this deoxidised condition it is soluble in alkaline 
lyes and lime water; this colourless compound is termed indigogene.,, The opinion 
of Liebig upon the constitution or this substance is, that indigo contains a salt radical, 
which he terms Anyle, composed of C M H B N. He considers that indigogeuc or while 
indigo is the hydrated protoxide of this radical, and that blue indigo is the peroxide 
represented thus — * 
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Advantage is taken of this property of indigo, of parting with its oxygen and becom- 
ing soluble, to apply it to dyeing, and it is effected by the following means, when for 
the purpose of dyeing vegetable stuff, as cotton ; and from the circumstance, of these 
operations being done cold, the method is termed the cofd vat, which is made up as 
follows: — The indigo is reduced to an impalpable pulp, by being ground in water to the 
consistence of thick cream. This is put into a suitable vessel filled with water, along 
with a quantity of copperas, and newly slaked lime, and the whole well mixed by 
stirring. After a short time the indigo is deoxidised and rendered soluble by a por- 
tion of the lime which is added in excess, the reaction being represented thus : — 



The peroxide of iron and sulphate of lime are precipitated to the bottom, and the indi- 
gogene and lime form a solution of a straw colour, with dark veins through it. 

The operation of dyeing by this solution is simply immersion, technically, dipping. 
The stuff by immersion imbibes the solution, and when taken out and exposed to 
the air, the indigogene upon aud within the fibre rapidly takes oxygon from the atmo- 
sphere, and becomes indigo blue, thus forming a permanent dye, without any 
necessary attraction between the indigo and the stuff. 

The indigo vat for wool and silk is made up with indigo pulp, potash, madder, and 
braif In this vat the extracts of madder and bran perform the deoxidising functions 
of the copperas in the cold vat, by undergoing a species of fermentation. 

Pdktel and woad, either alone or with the addition of a little indigo, is also used for 
the dyeing of wool and silk stuff, the deoxidation being effected by the addition of 
bran, ladder and weld. Iu dyeing with these vats, the liquor is made warm, and they 
require much skill and experience to manage, in consequence of their complexly , 
ltcing always liable to go out of condition, as the dyeing goes on, by the extraction of 
the indigogene and the modification or the fermentable matter employed to deoxidise 
the indigo to supply that loss. The alkaline solvent also uedirgoes change, so there 
must be successive additions of indigo and alkali ; the principal attention of the 
dyer is the maintaining the proper relation of these matters, as too much or too little 
of either is injurious. 

Sulphate m indigo forms on intense blue solution, unaffected also by mordants. 
Vegetable stuffs dipped in this retain no dye, for the washing off the acid in order to 
preserve the fibre removes the colour; but auiraal fibre, such as woollen nnd silk. 
Incomes dyed ; a portion of the blue remains upon the stuff after washing off the acid, 
being retafncd*by capillary attraction. This dye is termed Saxon blue, but it has very 
little of the permanence of indigo or vat blue, although it is also a substantive colour. 

Another Truly substantive colour is that dyed by carthanms or safflower, bli the 
fixation of this dye upon the stuff differs from any of those referred to. Like indigo, 
it nos no affinity for any base or substance capable of forming a mordant ? its solvent 
is an alkali, but in this dissolved state it does not form a dye. The mode of 
proceeding in dyeing with carthomus is first to extract the dye from the vcgetublc 
You IL K 
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in which it is found, by soda or potash, which is afterwards neutr&ysed by an acid 
previous to dyeing, which renders the colour insoluble, but in so fine a state of division 
that no precipitation can be seen for some time aim the stuff immersed in this imbibes 
the colour within its fibre, its lightness assisting this action, as the precipitate will 
remain suspended in water for days before it will subside. Vegetable fibre takes up 
'this dye as easily as animal, but whether by an attraction for the stuffy or by a 
mechanical capillary attraction of the fibre is not so easily determined. A piece of 
stuff suspended in a vessel filled with water, having in it some insoluble carthamine, 
all the colouring particles will flow to and combine with the fibre from a considerable 
distance, giving a proof of the existence of some force drawing them together. 

Such then are the various conditions and principles involved in the processes of 
fixing the dye within or upon the stuff. 

During the operations of dyeing there are certain circumstances which have to be 
attended to, in order to facilitate and effect certain hues or tints of colour. Thus, 
j with many of the colouring substances, heat not only favours but is necessary for 
the solution of th'o dye, nnd also its combination with the stuff or mordant Decoctions 
of woods arc always made by bot water, and the dyeing processes with decoctions are 
in hot liquor. When the colouring matter of quercitron bark is extracted by boiling 
water, the colour produced upon the stuff will be a rich amber yellow, but if the 
extract he made by water at 180° Fahr., a beautiful lemon yellow will be the dye pro- 
duced by it, using the same mordant in each case. Colours dyed by madder and 
Harwood must be done at a boiling beat during the whole process, or no dye is effected. 
Sumach, another astringent substance, is most advantageously applied at a boiling 
heat; and in order to have a large body of this dye fixed upon the stuff, it should be 
immersed in the liquor while hot and allowed to cool together, during which the 
tannin of the dye undergoes some remarkable change in contact with the stuff. 
Safflower dyes are kept cold, so are tiu bases, Prussian blues, and chrome yellows: by 
applying heat to the lust a similar result is effected to that with bark; instead of a 
lemon yellow an amber yellow will be obtained. Almost all colours are affected less 
or more by tfic temperature at which they are produced. Sonic mordants are fixed 
upon the stuff by heat, sueli as acetate of alumina; the stuff being dried from a solution 
of this silt at a high temperature loses p:irt of the acid by being volatilised, and there 
remains upon the fibre an insoluble suboxide, which fixes the dye. These remarks 
respecting the methods apply more particularly to vegetable stuffs, as cotton, aud in 
many cases also to silk, but wool is always dyed at a high heat. Although wool 
seems to have a much greater ataorbing power than cotton, the latter will absorb and 
become strongly dyed in u cold dye bath, in which wool would not be affected ; but 
apply heat and the wool will be deeply dyed, and the dye much more permanent than 
the cotton. 

The permanence of colours is another property to be carefully studied by the 
practical dyer, os the colour must not be brought under circumstances that will 
destroy its permanency during any of the operations of the dyehouse. The word 
permanent, however, does not mean fast, which is a technical term applied to a colour 
that will resist all ordinary ojterations of destruction. As for instance, a Prussian 
blue is a permanent colour but not a fast colour, as any alkaline matter will destroy 
it, or a common black is permanent, although uny acid matters will destroy it ; 
while Turkey red is a fast colour nnd not affected by either acid or alkaline masters. 
A few of the circumstances affecting c /lours in the processes they are subjected to may 
be referred to in this place. If, for instance, the air in drying the dyed st/ilF in a 
hot chamber be moist, there is a great tendency to the colour being impaired in 
these circumstances. For example, a red colour dyed witli safflower will pass into 
brown, a Prussian blue will pass into a grey lajrendcr, chrome yellows take an amber 
tint Mostly all colours are affected less or more by being subjected to strong heat 
and moisture; even sonfli of those colours termed fast are affected under such 
circumstances. A dry heat has little or no effect upon any colour, and a few colours 
are made brighter iu their tint by such a heat, as chrome orange, indigo blue, on 
cotton. See. 

Some of these effects of heat and moisture differ with different stuff; thus indigo 
blue upon cotton is not so much affected as indigo blue upon silk, while safflower ml 
upon cotton will be completely destroyed before the same colour upon silk will be 
perceptibly affected. The same colouring matter fixed by different piordants upon 
the same stuff is dso differently affected under these conditions. 

Light is another agent effecting a great influence upon the pcnpnanonqp of colours, 
which should be also considered by the dyer. Reds dyed by a liras'll wood and u 
tin mordant, exposed to the light, become brown ; Prussian blue takes a purple tiyrt ; 
yellow becomes brownish ; safflower red, yellowish, and these changes are facilitated 
by the presence of moisture ; such as exposing them to strong light while drying from 
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tbe dye bath, either out or within doors. The direct royg of the inn destroy all 
dyed colours ; eve n Turkey red yields before that agency. J 

Boiling was formerly prescribed in France as a test of fast dyes. It consisted in 
putting a sample of tbe dyed goods in boiling water, holding in solution a determinate 
quantity of alum, tartar, soap, and vinegar, &c. Dufay improved that barbarous test 
He considered that fast-dyed cloth could be recognised by resisting an exposure of 
twelve hours to the sunshine of summer, and to the midnight dews; or sixteen days 
in winter. J 

In trying the stability of dyes, we may offer the following rules : — 

That every stuff should be exposed to tbe light and air ; if it be intended to be 
worn abroad, it should be exposed also to the wind and rain ; that carpets moreover 
should be subjected to friction and pulling, to prove their tenacity j and that cloths 
to be washed should be exposed to the action of hot water and soap. However, such 
tests are not at all applicable to most of the colours dyed upon cotton stuff. Not 
many of them can stand the action of hot water and soup, or even sqch acids as the 
juice of fruits. Indigo blue, one of the most permanent dyes on cotton, yields its 
intensity to every operation of washing, even in pure water. 

Dclaval's observations on the nature of dyes may be thus summed up. In tran- 
sparent coloured substances, the colouring substance does liot reflect any light ; and 
when, by intercepting tbe light which was transmitted, it iB hindered from passing 
through substances, they do not vary from their former colour to any other colour, 
but become entirely black ; and he instances a considerable number of coloured 
liquors, none of them endued with reflective powers, which, when seen by transmitted 
light, appeared severally in their true colours ; but all of them, when seen by incident 
light, appeared black ; which is also the case of black cherries, black currants, black 
berries, the juices of which appeared red when spread on a white ground, or 
otherwise viewed by transmitted instead of incident light ; ana he concludes, that 
bleached linen, &c. “when dyed with vegetable colours, do not differ in their 
mauner of acting on tbe rays of light, from natural vegetable bodies ; both yielding 
their colours by transmitting, through the transparent coloured matter, the light which 
is reflected from the white ground : ” it being apparent, from different experiments, 

“ that no reflecting power resides in any ok their comi»oiients, except In their white 
matter only,” and that “ transparent coloured substances, placed in situations by which 
transmission of light through them is intercepted, exhibit no colour, but become 
entirely black.” 

The art of dyeing, therefore (according to Mr. Delaval), u consists principally in 
covering white substances, from which light is strongly reflected, with transparent 
coloured media, which, according to their several colours, transmit more or less 
copiously the rays reflected from the white,” since “ the transparent media them- 
selves reflect no light ; and it is evident that if they yielded their colours by reflect- 
ing instead of transmitting the rays, the whiteness or colour of the ground ou 
which they are applied would not in anywise alter or affect the colours which they 
exhibit” 

But when any opaque basis is interposed, the reflection is doubtless made by it 
ratbei* than by the substance of the dyed wool, nilk, &c., and more especially when 
such basis consists of the white earth of alum, or the white oxide of tin; which, by 
their rftrong reflective powers, greatly augment the lustre of colours. There are, 
moreover, some opaque colouring matters, particularly the acetous, and other solu- 
tions of* iron, used to stain linen, cotton, &c., which must necessarily themselves 
reflect instead of transmitting the light by which their colours are made perceptible. 

The compound or mixed colours aresueh as restflt from the combination of two 
differently coloured dye stuffs, or from uyeing stuffs with one colour, aud then with 
another. The s ; mple colours of the dyer are red, yellow, blue, and black, with which, 
when skilfully blended, he can produce every variety of tint Perhaps the dan or 
fawn colour might be added to the above, as it is directly obtained from a great many 
vegetable substances. 

1. Bed witl^yellow, produces orange; a colour, which upon wool is given usually 
with the spent scarlet bath. To this shade may be referred flame colour, pome- 
granate, capuchin, prawn, jonquil, cassia, chamois, cafe au lait , aurora, marigold, 
orange peel, mordorcs , cinnamon, gold, &c. Snuff, chestnut, musk, and other shades 
are produced by*substituting walnut jmjcIs or sumach for bright yellow. If a little blue 
be added to orange*, an olive is obtained. The only direct orange d^’es arc annotto, 
and subchronfhte of Had. See Silk and Wool Dy kino. * . 

The latter is never used for dyeing orange upon silk and wool, while the former is 
now* never used for cottou. An orange with annotto is very fugitive, even upon the 
animal fibre ; but much more so ui>oii cotton. Subcbromate of lead is produced upon 
cotcon by dyeing it first a deep chrome yellow by acetate of lead and bichromate of 
potash, os already noticed, and then passing the stuff so dyed through^ hot solution 
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of an alkali or lime, which changes the dye from the yollow # chron&tc to the state of 
•nbcbromate, which is deep orange. * 

2. Red with blue produces purple, violet, lilac, pigeon’s neck, mallow, peach- 
blossom, bleu de roi, lint-blossom, amaranth. 

• " Thus a Prussia^ blue dyed over a safflower red, or vice vereA, will prodnee any of 
these tints by varying the depth of the red and blue according to the shade required ; 
but the same- shades can be produced direct by logwood and an aluminous or tin 
mordant ; the stuff being steeped in sumach liquor previous to applying the tin 
mordant produces the reddish or purple tint when such is required. 

3. Red with black ; brown, chocolate, maroon, &c. These tints are produced by 
various processes. To dye a deep orange by annotto liquor, and then form over it a 
black by sumach and sulphate of iron, gives a brown i or dye the stuff first a rich 
yellow by quercitron and a tin mordant, and then over the yellow produce a purple by 
passing it through logwood ; chocolates are thus produced. A little Brasil wood with the 
logwood gives jporo of the red element When maroon is required, the red is made 
to prevail, and so by a judicious mixture, these various tints are produced. Brown, 
especially upon cotton fibre, is more often produced direct by means of catechu. 
Steep the stuff in a hot solution of caTechu, in which the gummy principle baa been 
destroyed by tlie addition' of a salt of copper; then pass through a solution of bichro- 
mate of potash at boiling heat, when a rich brown is obtained. 

4. Yellow with blue ; green of a great variety of shades ; such as nascent green, gay 
green, grass green, spring green, laurel green, sea green, celadon green, parrot green, 
cabbage green, apple green, duck green. 

Green is essentially a mixed dye, and produced by dyeing a blue over a yellow or 
a yellow over a blue. In almost all cases the blue is dyed first, and then the yellow, and 
according to the depth of each or any of these are the various tints of green produced. 
With silk and wool, one kind of green dye may be produced simultaneously by 
putting sulphate of indigo into the yellow dye bath, and then working the previously 
prepared or mordanted stuff in this. With cotton, an arsenite of copper (Scheele's 
green) may be produced by working the stuff in a solution of arsenite of potash or 
soda, and then in sulpliate of copper, which produces a peculiar tint of green. 

5. Mixtures of colours, three and three, and four and four, produce an indefinite 
diversity of tints : thus, red, yellow, and blue form brown olives aud greenish greys; 
in which the blue dye ought always to he first given, lest the indigo vat should be 
soiled by other colours, or the other colours spoiled by the alkaline action of tlie vat. 
Red, yellow, uud grey ( which is a gradation of black) give the dead-leaf tint, as wed 
as dark orange, siuift‘ colour, &c. Red, blue and grey give a vast variety of shades ; 
ns lead grey, slate grey, wood-pigeon grey, and other colours too numerous to 
specify. See Brown Dye. 

Care must be taken, however, in mixing these colours, to study the depth of the 
t'nt required; as, for instance, were we wishing to dye a slate grey, and to proceed 
first by dyeing a blue, then a red, with a little of the grey, we would produce, instead 
of a slate gray, a purple or peach. The arrangement referred to, applies only to the 
elements of the colours that enter into the composition of the various tints, so that a 
slate grey is a bine with a small jmrtioii of red, and a still smaller fiortion of thtfbluck 
element, that produces the grey tint Thus, dye the stuff first a deep sky blue by the 
▼at, then by passing through a solution of sumach, with a small quantity of logwood, 
Brazil wood, copperas, and alum, grey will be produced. The Brazil wood gives the 
red tint, sumach and coppcraB the black tiut, the logwood assisting in this, ana with the 
aid of the alum throwing in the puce or dove neck hue ; and thns by the variation of 
these hues by such arrangements, any of the jjrey tints con be produced. See Calico 
Printing. 

In dyeing silk and w.ol with Aniline colours no mordant is required. Solution 
in a suitable solvent (acetic acid or alcohol) is all that is necessary. In the case of 
the rosauiline salts, however, a neutral solution and a temperature not exceeding 
180° F. is requisite. See the articles relating to Aniline. t 

In dyeing vegetable fibres, albumen, glutin^ gelatine, casein, taifuin or tannic 
acid, &c. are used as mordants. 

In printing with these colours the process is the same as in the case of steam 
colours. Either the mordant is first printed on the fabric, which is then steamed 
and dyed, or the colouring matter is thickened with the anordant (albumen, &c.), the 
fabric dyed with this, and then steamed so as to fix it ' 

Aniline Black has been quite recently produced by the direct oxidation of aniline 
on cotton fibre. A mixture consisting of an aniline salt, perchloride of copper^Jind 
chlorate of potash, is printed on the cotton, which is then exposed to on atmosphere 
of steam. After some time a black is developed. 

Dyeing and printing have undergone a considerable change through the intro- 
duction of tljese dyes. The colours produced are more brilliant than formerly, and 
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since the use of mordants has been almost dispensed with, the processes arc very 
much shorter. The styles and patterns have undergone a marked change. 

These dyes, however, have not yet supplanted the use of dye woods and the other 
colouring matters formerly in use. They are not so pemmnent, and nt the same 
time they are much more expensive. But continued improvements in the modes oh 
producing and applying these dyes will no doubt greatly advance and develope their 
commercial importance. * 

The following figures show the rapidity with which aniline and its derivatives 
have fallen in price during the last few years, and thus give an idea of their rapid 
industrial development: — 



I860 - U 0 40 ISO ISO 

1866 1 6 10 45 12 


Aniline Blue in 1862 was 11/. per lb. ; in 1866, 2l per lb. 

DYER’S ALKANET, Alkanna tmeforia. See Alkanet. 

DYER’S MADDER, Rubia tine tor ium . See Madi>kr. 

DYER’S OAK, Quetcus infectoria. See Galls and Oak. 

DYE It’S ORCHELLA WEED, Roccclla tinctoria . See Archil. Orchklla. 

DYER’S SAFFLOWER, or Bastard saffron. The Curthamvs tinvtvrius. The 
flowers are of a deep orange colour, but they are used for dyeing various shudes of 
red. The flowers of the carthamus are employed in Spain lor colouring dishes and 
confectionery. See Safflower. 

DYER’S WOODROOF. Asperula tinctoria. The roots of this plant are used in 
some parts of Europe, particularly Dalmatia, instead of madder for dyeing wool and 
cloth of a reddish colour; but in bulk the crop obtained is inferior to that of the 
madder. — Lawson. 

DYSODILE. A combustible mineral found in secondary limestone, at Melili, 
near Syracuse, in Sicily. It is extremely fragile, and has an argillaceous odour when 
breathed on. It burns with a crackling noise, and considerable flame, and much 
smoke, giving out a feetid smell, wheuce it has acquired the name of Stercus JJmboli or 
Mcrda del JJiavolo in Sicily. It is also found in some parts of France. (Bristow, 
Glossary of Mineralogy). A kind of dysodile has been found in Tasmania, and 
hence sometimes called Tasmanite. 

Tasmanite is a material of organic origin, found in Tasmania, described some- 
times as resiniferous or combustible shale ; it is distinctly laminated, the organic 
matter, which occurs in scales, being disposed in planes parallel to the lamina 1 ion. and 
probably causing it These scales are of a reddish- brown colour, and form from 
HO to 40 per cent, of the rock. The average diameter of the discs is about ■(W of an 
inch, while their thickness at the centre is sometimes as much as -(H)7. As none of 
the ordinary solvents of resinoids seemed capable of dissolving out the carbonaceous 
constituent of the mineral, the following plan of effecting the separation was adopted - 
A large quantity of the mineral was crushed to a coarse powder, placed in a 
Phillip's precipitating glass, aud strong hydrochloric acid poured upon it. A trace of 
carbonic anhydride was thus set free from the smffll quantity of carbonate of calcium 
present, while the alumina and feme oxide of the mineral were partly dissolved. 
These actions break up the mineral, and the * scales ’ mostly became disengaged and 
floating, owing to the high gravity of the hydrochloric solution, which had been 
further increased by the addition of chloride of calcium. The scales were collected 
by a strainer, and repeatedly washed by decantation, the inorganic matter heiug 
reduced to It minimum. The substance thus prepared presented such remarkable 
distinct chemical and physical cnaracters as to lead to its receiving a distinct name. 
When Tasmanite is heated in the air it burns readily, with a very smoky flame mid 
offensive odour. Submitted to destructive distillation, it fuses partially, and yields 
oily and solid products of a disagreeable smell, resembling the odour of Canadian 
petroleum. Qualitative analysis of Tasmanite showed it to contain a large quantity 
of carbon %nd hydrogen, and a considerable portion of sulphur. It was foiwd im- 
possible to free the specimens completely from mineral impurities, even with the most 
careful mechanical treatment The sulphur detected was au integral part of the 
carbonaceous matter itself, and not owing to the presence of an inorganic sulphide or 
sulphate ; this was proved in several ways, and was farther confirmed by the observa- 
tion that the more completely the mineral matter had l>eeu removed, ^egnore sulphur 
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EAGLE WOOD. (Bob cTAigle, Fr.) The Aquilaria Malaccensb or Ovata. The 
does wood of commerce ; an exceedingly aromatic wood, much used in Hindustan 
and in all Mohammedan and Catholic countries for fumigation and incense. The 
trees, belonging to the Aquilariacea *, are natives of tropical Asia. 

EARTHENWARE. See Pottery. 

EARTH NUT. Arachb Hypogca. A leguminous creeping plant, native of 
India, South Africa, and South America. It is cultivated in North America and 
Southern Europe. 

EARTH NUT OIL. Huile cTArachide. Huile de pbtache- de terre. ErtlnussBL 
The oil expressed from the earth nut by cold pressure. It is nearly colourless, and 
has an agreeable odour. If is used for culinary purposes instead of olive oil, but it 
is liable to become rancid much sooner. The hot pressed earth oil is coloured and 
has a disagreeable taste and smell. A soap made from the oil of earth nuts is 
manufactured in France, and to some extent in Germany. 

EARTHS. (Terres, Fr. ; J Erden, Germ.) It has been demonstrated that the sub- 
stances called Earths, and which, prior to the electro-chemical career of Davy, were 
deemed to be elementary bodies, are all compounds of certain metallic bases and 
oxygen. Five of the earths, when pure, possess decided alkaline properties, being 
more or less soluble in water, having (at least three of them) an acrid alkaline taste, 
changing the purple infusion of red cabbage to green, most readily saturating the 
acids, and affording thereby ncutro-salinc crystals ; these are baryta , strontia , lime, 
(< calcia ), magnesia, and lithia. The earths proper are alumina , glue in a , yttria , zircon ia, 
and thorina; these do not change the colour of infusion of cabbage or tincture of 
litnras, do not readily neutralize acidity, and are quite insoluble in water. 

EARTHY COBALT. Sec Wad. A manganese ore, in which the oxide of cobult 
sometimes amounts to thirty-three per cent. — Dana. 

EARTHY MANGANESE. See Wad and Manganese. 

EAST INDIA BLACK WOOD. The Sit Sal of the natives of India. The DaU 
hetgia latifolia. It is a wood of a greenish black colour, with light coloured veins. It 
takes a fine polish, and is very heavy. 

EA1J DE COLOGNE. See Perfumery. 

EAU DE LUCE. See Perfumery. 

EBONITE. A name given to vulcanised indian robber. The process of manu- 
facture has been fully described under its proper heading. Ebonite has been 
applied almost to every kind of small ornamental manufacture. A large trade is done 
in imitations of jet ornaments made of it. It is also used for electrical machines qnd 
apparatus. See Caotttchouc. 

EBONY. Of this black wood three kinds are imported 

The Mauritius Ebony , which » the blackest and finest grain. 

The East Indian Ebony, which is not of so good a colour. 

T/ut African Ebony , which is porous and bad in point of colour. 

The ebony of the Mauritius is yielded by the Diosjryrus Etwnus. Colonel Lloyd 
says, that this ebony when first cuf is beautifully sound, but it splits like all other 
woods from neglectful exposure to the sun. The workmen who use it immerse it in 
water as soon as it is felled^for from six to eighteen months ; it is then taken out, and 
the two ends ore secured from splitting by iron rings and wedges. Colonel Lloyd 
considers that next to the Mauritius, the ebony of Madagascar is the best, and next 
that of Ceylon. • 

The Mauritius ebony is imported in round sticks ]jke scaffold poles, abAt fourteen 
inches in diameter. The East Indian Variety comes to us in logs as large as twenty- 
eight inches diameter, and also in planks. The Cape of Good Hope ebony arrives in 
England in billets, and is called billet wood, from about three to six feet long, and two 
to four inches thick. 

The uses of ebony are well known. 

White Ebony comes from the Isle of France, and is much like” box wood. See 
Grxrn Ebony. ^ 

EBULLITION. (Eng. and Fr. ; Kochen , Germ.) Boiling. When the bottom of 
an open vessel containing water is exposed to heat, the lowest stratum of fluid imme- 
diately expands, becomes therefore specifically lighter, and rises through the colder 
and heavier pmrtifles. The heat is in this way diffused through the whole liquid 
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man, not by simple communicatioJ of that power from particle to particle as in solids, 
— called the coiuluction of caloric,— but by a translation of the several particles from 
the bottom to the top, and the top to the bottom, in regular succession. This' is deno- 
minated the carri/ing powers of fluids, being common to both liquid and gaseous bodic^ 
These internal movements may be rendered very conspicuous and instructive, by 
mingling a little powdered amber with water, contained in a tall glass^ylinder, stand- 
ing upon a sand-bath. That this molecular translation or locomotion is almost the 
sole mode in which fluids get heated, may be demonstrated by placing the middle of a 
pretty long glass tube, nearly filled with water, obliquely over an argand flame. The 
upper half of the liquid will soou boil, but the portion under the middle will continue 
cool, so that a lump of ice may remain for a considerable time at the bottom. When 
the heat is rapidly applied, the liquid is thrown into agitation, in consequence of 
elastic vapour being suddenly generated at the bottom of the vessel, and being as 
suddenly condensed at a little distance above it by the surrounding cold column.* 
These alternate expansions and contractions of volume become more manifest as the 
liquid becomes hotter, and constitute the simmering , vibratory sound which is the 
prelude of ebullition. The whole mass being now heated to a pitch compatible with 
its permanent elasticity, becomes turbulent und explosive under the continued in- 
fluence of Are, and emitting more or less copious volumes of vapour, is said to boil. 
The further elevation of temperature, by the influence of ealoric, becomes impossible 
in these circumstances with almost all liquids, because the vapour carries off from 
them as much heat in a latent state as they are capable of receiving from the fire. 

The temperature at which liquids boil in the open air varies with the degree of 
atmospheric pressure, being higher as that is increased, and lower as it is diminished. 
Hence boiling water is colder by some degrees in an elevated situation, with a de- 
pressed barometer, than at the bottom of a coal-pit in fine weather, or, when the 
barometer is elevated. A high column of liquid also, by resisting the discharge of 
the steam, raises the boiling point As we ascend from the sea level, the boiling point 
becomes lower, the following tabic illustrates this. 
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*ln vacuo, all liquids boil at a temperature about 124° F. lower than under the 
average atmospheric pressure. For a table of elasticities, see Vaihur. Gay-Lussac 
has shown that liquids arc converted into vapours more readily, or with less turbu- 
lence, when they are in contact with angular or irregular, than with smooth surfaces ; 
thatfthey therefore boil at about 2- l\ lower in metallic than in glass vessels, pro- 
bably owing to the greater polish of the latter. For example, if into water about to 
boil in a glass matrass, iron filings, ground glo^s, or any other insoluble powder Iks 
thrown, such a brisk ebullition wilhhc instantly determine*), as will sometimes throw 
the water out of tlic vessel ; the temperature at the same time sinking two degrees F. 

• The following tabic exhibits the boiliug heat, by Ftfhreuheit’s scale, of the most 


important liquids : — 

Ethfr ------ 


Graham 



96° 

Ether, spdbific gravity 0*7365 at 48° 
Curburet of sulphur ... 


- 



100 


- 



113 

do. 


Graham 



118 

Alcohol, sp. grav. 0*813 - 


Vre - 



173*5 

Nitric acid/ do. 1*500 ■ 


Dalton 



210 

do. do. 1*42 - 


Graham 



248 

Water J - 


- 

m ■» 

• % 

212 

Saturated solution of Glauber salt - 


Biot - 

- " 

m 

213) 

v do. da Acetute of lead 


do. - 

m em 


21 5j 

do da Sen salt - 


do. - 

m m 

m 

224) 

do da Muriate of lime 

- 

Ure - 

- • 

m 

285 

da do. do. 1 + water 2 

do. - 

* . * 

m 

880 
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Saturated solution of muriate of lime, 35'5 + watea 04-5 Ure 9 - 



sns° 

Ammonia - 

. .... 

- 

Graham 



140 

Crystallised chloride of calcium - 

- 

do. - 



302 

Saturated solution of muriate of lime, 40*5 + water, 59*5 Ure 



240 

{Muriatic acid, sp. grav. 1 *094 


Dalton - 



232 

do. 

da 1-127 - 


da 



222 

Nitric acid. 

*da 1-420 - 


da 



248 

do. 

da 1 *30 

- 

da 



236 

Rectified petroleum - 


Ure - 



306 

Oil of turpentine - 


da 



316 

Sulphuric acid, sp. grav. 1-848 - 


Dulton - 



600 

do. 

do. 1-810 - 


do. 



473 

do. 

da 1-780 - 


da 



435 

do. 

da 1-700 - 


da 



374 

do. 

da 1*650 - 


da 



350 

do. 

do. 1-520 - 


da 



290 

do. 

do. 1*408 - 


do. ■ 



260 

do. 

da 1*31)0 - 


da - 



240 

Phosphorus 

----- 


da 



554 

Sulphur - 

- - - - * 


da 



570 

Linseed oil 



do. 



640 

Whale oil - 



Graham 



630 

Mercury - 

----- 


Dulong - 



662 

da 

. 

- 

Crigliton 



656 

Saturated solution of acetate soda, containing 60 per cent. Griffiths 



256 

da 

Nitrate of soda, 

GO 

da - 



246 

da 

Rochelle salt, 

90 

do. ■ 



240 

da 

Nitre, 

74 

da 



238 

do. 

Muriate of ammonia. 

50 

do. 



236 

da 

Tartrate of potash, 

68 

do. 



234 

do. 

Muriate of soda. 

30 

do. 



224 

do. 

Sulphate of magnesia, 

57-5 

do. 



222 

da 

Borax, 

52 5 

do. - 



222 

da 

Phosphate of soda, 

? 

do. 



222 

da 

Carbonate of soda. 

? 

da 



220 

do. 

Alum, 

52 

do. 



220 

do. 

Chlorate of potash. 

40 

do. 



218 

da 

Sulphate of copper, 

45 

do. 



216 


EBULLITION ALCOHOLMETER. That the boiling temperature of water is 
increased by holding neutro-sulinc and saccharine substances in solution has been long 
known, and has been the subject of many experiments, made partly with the view of 
ascertaining from that temperature the proportion of the salt or sugar, and partly with 
the view of obtaining a practical liquid bath. But it seems to have been reserved for 
the Abbe Brossard- Vidal, of Toulon, to have discovered that the boiling temperature 
of ulcoholic liquors is, in most cases, proportional to the quantity of alcohol, irrespec- 
tively of ihe quantity of neutro-saline or saccharine matter dissolved in them. When, 
however, such a quantity of dry carbonate of potash, or sugar; is added to a spirituous 
liquor as to abstract or fix in tiie solid state a portion of the water present, then the 
boiling temperature of that mixture/* ill be lowered in proportion to the concentration 
of the alcohol, instead of being raised, as would 1 Ik* the case with water so mixed. 
But, generally speaking, it may be assumed as a fact, that the boiling point of an 
alcoholic liquor is not altered by a moderate addition of saline, saccharine, or extrac- 
tive matter. On this principle, M. Brossard- Vidal constructed the instrument repre- 
sented in Jig. 684, for determining by that temperature the proportion of alcohol 
present. His chief object was to furnish the revenue boards of France wjfh a means 
of estimating directly the proportion of alcohol it wines, so as to detect the too 
common practice of introducing brandy into their cities and towns under the mask of 
wine, and thereby committing a fraud upon the octroi ; as the duty on spirits is much 
higher than on wines. 9 

The above instrument consists of a spirit-lamp, surmounted by a small boiler, into 
which a large cylindric glass bulb is plunged, having on upright steti of such calibre 
that the'quicksilvcr contained may, by its expansion and ascent when heated, raise 
before it a little glass float in the stem, which is connected by a thread with a similaf 
glass bead, that tilings in the air. The thread passes round a pulley, which turning 
with the motion of the beads causes the index to move along the graduated circular 
scale. The numbers on this scale represent per centages of absolute alcohol, so that 



EBULLITION ALCOHOLMETER. 137 

the number opposite to*which the iydex stops, when the liqnor in the cylinder over 
the lamp boils briskly, denotes the per centage of alcohol in it 
Dr. Ure introduced another form of instrument (Jig . 685). It is thus described by 
the inventor:— 



Tt consists, 1, of a flat spirit-lamp a, surrounded by a saucer for containing 
cold water to keep the lamp cool, should many experiments require to be made in sue- 
cession; 2, of the boiler n, which fits hy its bottom cage c, upon the case of the 
lamp. At the point c, is seen the edge of the damper-plate for modifying the flame 
of tjie lamp, or extinguishing it when the experiment is completed. i> is the thermo- 
meter, mude with a very minute bore, in the manner of the llcv. Mr. Wolloston*s in- 
strument for measuring the height of a mountain by the boiling point of water on its 
summit The bottom of the scale in the ebullition thermometer, is marked p for 
proof pn the left side, and 100 (of proof spirit) on the right side. It corresponds 
to 178-6 Fahr. very nearly, or the boiling point of alcohol of 0*920 s]>ecific gravity. 
The following table gives the boiling points corresponding to the indicated densities . — 


Temp. Fahr. 


Specific gravity. • 

Temp. Fahr. 

Specific gravity. 

178*6 

- 

- 0-9200 

P. 

185-6 -• 

- 0*9665 

50 U. P. 

179-75 

- 

- 0-9021 

19U.P. 

1890 

- 0-9729 

60 „ 

180-4 

- 

- 0-9420 

20 „ 

191-8 

- 0-9786 

70 „ 

181-0 

- 

- 0-9516 

80 „ 

196-4 

- 0-9850 

80 „ 

188-4 

► 

- 0960 

40 ." 

202-0 

- 0-992 

90 „ 


The above table is tlie mean of a great many experiments. When alcohol is 
stronger than 0 92, or the excise proof, its boiling point varies too little with its 
progressive increase of strength to render that test applicable in practice. In fact, 
even for ptodf spirits, or spirits approaching in strength to proof, a more exact 
indication may be obtained by diluting them with their own bulk of water, Jbefore 
ascertaining their strength and then doubling it 
The boiling point of any alcoholic liquor is apt to rise if the heat be long continued, 
and thereby to lead into error in using this instrument This source of fallacy may 
be, in a great measure avoided by adding to the liquor in the little boiler about a 
teaspoonful (thirty-five grains) of common culinary salt, which has the curious effect 
of arresting the mercury iu the thermometer at the true boilinir nntmt. M th« 
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wine, or beer, to enable a correct reading to be bad. The dnall measure marked M 
holds the requisite quantity of salt. 

The thermometer is at first adjusted to an atmospheric pressure of 29 a 5 inches. 
When that pressure is higher or lower, both water and alcohol boil at a somewhat 
c higher or lower temperature. In order to correct the error which would hence 
aroe in the judications of this instrument under different states of the weather, 
a barometrical equation is attached, by means of the subsidiary scale e, to the ther- 
mometer D. 

Having stated the principles and the construction of the ebullition of the alcohol- 
meter, I shall now describe the mode of its application. 

First — Light the spirit lamp ▲. 

Second. — Charge the boiling vessel n, with the liquid to be tested (to within an 
inch of the top), introducing at the same time a paper of the powder ; then place the 
vessel b (the damper plate being withdrawn) on to the lamp a. 

Third. — Fix the thermometer d on the stem attached to n, with its bulb immersed 
in the liquid. The process will then be in operation. 

The barometrical scale indicated on the thermometer is opposite the mean boiling 
point of water. Prior to* commencing operations for the day, charge the boiler b 
with water only, and fix the instrument as directed ; when the water boils freely, the 
mercury will become stationary in the stem of the thermometer, opposite to the true 
barometrical indication at the time. Should the mercury stand at the line 29*5 this 
will be the height of the barometer, and no correction will be required ; hut should 
it stand at any other line, above or below, then the various boiling points will bear 
reference to that boiling point 

In testing spirituous or fermented liquors of any kind, when the merenry begins 
to rise out of the bulb of the thermometer into the stem, push the damper-plate half- 
way in its groove to moderate the heat of the flame. When the liquor boils freely 
the mercury will become stationary in the stem ; and opposite to its indication, on the 
left, the underproof percentage of spirit may he read off at once, if the barometer 
stand that day at 29*5 inches; while on the right hand scale, the percentage of 
proof spirit is shown ; being the difference of the former number from 100. The 
damper-plate is to be immediately pushed home to extinguish the flame. 

The alcoholmeter will by itself only indicate the percentage of alcohol contained 
in any wine, but by the aid of the hydrometer, the proportionate quantity of sac- 
charum in all wines may be readily and easily determined. The hydrometer will 
show the specific gravity of the liquid upon reference to table No. 1, annexed. In 
testing a sample of wine, first take the specific gravity, and suppose it to be 989, 
then charge the boiler of the alcoholmeter with the wine, as directed, aud at the 
boiling point it indicates the presence of alcohol at 69*6 per cent.**', whose specific 
gravity will be found to ho 979 ; deduct that gravity from the gravity of the bulk, 
or 989, and 10 will remain, which 10 degrees of gravity, upon reference to the wine 
table, will be found to represent 25 lbs. of saccharine or extractive matter in every 
100 gallons, combined with 30^th gallons of proof spirit. 

SikeB's hydrometer will only show the sp. gr. of liquids lighter than watei (or 
1000), and for wines in general use, the gravities l>cing lighter than that article, will 
answer every purpose ; but there arc wines whose gravities are heavier than water, 
such as mountain, tent, rich Malagas, lachrymsc Christi, &c., to embrace which 
additional weights to the hydrometer will be required, as for cordialised spirits, &c. 
In testing a sample of rich mountain, its sp. gr. was found to he 1039, or 39 degrees 
heavier than water ; that wine a* the boiling point iudicatcd the alcohol 72*5 per 
cent.*'** ; but 980 sp.gr. deducted from 1039 Haves 39 degrees of sp. gr.; against 59 
of the wine tables will be found 147-5 or 147^ lbs. of saccharine or extractive 
matter, combined with 27 £ gallons of proof spirit to every 100 gallons. 

Should the barometer for the day show any other indication above or below 
the standard of 29-5, the thermometer scale will then only show the apparent strength, 
and reference most be had to the small ivory indicator, b, it being th" counterpart 
of the barometrical scale of the thermometer; thus, should the barometer indicate 
80, place 30 of the indicator against the boiling point of the liquid, and opposite the 
line of 29*5 will be found (he trne strength. 

Example 1. — Barometer at 30.— Suppose the mercury to stop at th boiling-point 
72**-, place 30 of, the indicator against 72 on (he thermometer, and the line of 29-5 
will qpt 69*6"*’, the true strength. t a 

Example 2 — Barometer at 29.— Suppose the mercury to stop at the same point, 
72. m *»*, place 29 of the indicator against 72 on the thermometer, and the line of 2-j'S 
will cut 74*3* m * p *, the true strength. 

For malted liquors. — To all brewers and dealers in fermented liquors, this principle, 
by its applic|tion, will supply a great desideratum, os it will not only show the alcohol 
created in thn •nrt hv tb** nttmuintinn. ns well ns the original weiarlit of the wort nrior 



No. I. 

TABLE OF SPECIFIC GRAVITIES by Sikes’s Hydrometer, adapted to Field's Patent Alcohol meter for Cordialised SpiritL 

« • 

. TEMPERATURE 60°. SPECIFIC GRAVITY OF WATER 1000P. 
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The foregoing Table, which shows the Specific Gravity on the bulk of the mixture, bear reference to the Table (No. 2.) of the Alcoholmeter following. 













































140 EBULLITION ALCOHOLMETER. 

No. 2. 

r TABLE, showing the lbs. of Sugar per Gallon in Cordialiscd Spirits, with Per Cenftagm 
to be added to the indicated Strength, per the Alcoholmeter. 


Difference of 

j 10 

l M 

m 

25 

El 

35 

40 

45 

50 

Difference of 

Gravity. 








Gravity. 

Lhe. of Sugar 
per Gallon. 

4 os. 
or 85 
to 100 

gg 

80s. 

50 

to 100 

10 ox. 

A 

18 os. 
75 

to 100 

14 os. 
»7* 
to 100 

1-0 

os. 

1-8 

os. 

1-4 

Lhe. of Sugar 
per Gallon. 

BfrOnr. 

020 

ftrCnt. 
of Hyfoil. 

1*6 

2-5 

3-4 

4-4 

5-3 

6-2 

7-1 

8-1 

90 

Per Cent. 
ofRyjriu 

Hn. Orav. 
of Spirit. 

920 

923 

2-5 

1*6 

2-5 

Eo 

4-3 

5-2 

6-1 

6-9 

7-8 

8*8 

2-5 

023 

926 

S' 

1*5 

2-4 

3-2 

4-2 

50 


6-8 

7.7 

8-6 

5- 

926 

929 

7-5 

1-5 

2-3 

3-2 

4-1 

4-9 


6-6 

7*5 

8-4 

7-5 

929 

932 

10* 

1-4 

2-2 

3-1 

4 0 

4-8 


6-5 

7-4 

8-2 

10- 

932 

935 

12*5 

1-4 

2-2 

j?‘l 

3-9 

4-7 

5-5 

6-3 

7*2 

80 

12 -5 

935 

938 

15- 

1-4 

2-1 

SO 

3-8 

4-6 

5-4 

6-2 

70 

7-8 

15- 

938 

940 

17-5 

1-3 

2-1 

2-9 

8 7 

4-5 

5-3 

60 

6-8 

7*6 

17*5 

940 

943 

20- 

1-3 

2-0 

2-8 

3*6 

4-4 

5-2 

5-9 

6-7 

7-5 

20- 

943 

945 

22-5 

1-3 

20 

2-7 

3-5 

4-3 

50 

5-7 

6-5 

7-3 

22-5 

945 

948 

25- 

1-2 

19 

2-6 

3-4 

4-1 

4-8 

5 5 

6-3 

70 

25- 

948 

950 

27-5 

1*2 

3-9 

2-5 

S3 

40 

4-7 

5-3 

6-1 

6-8 

27-5 

950 

952 

30- 

1-1 

1-8 

2-4 

3-1 

3-8 

4-5 

5-1 

5-8 

6-5 

30- 

952 

954 

32-5 

1-1 

1-7 

2-3 

30 

3-6 

4-3 

4-8 

5-5 

6-2 

32*5 

954 

956 

35- 

1-0 

1-6 

22 

2-9 

3-5 

4-1 

4-6 

5- 3 

60 

35- 

956 

958 

37*5 

1-0 

1-6 

2-1 

2-8 

3*4 

3-9 

4-4 

5-1 

5-8 

37*5 

95 8 

960 

40- 

■9 

1-5 

20 

2-7 

3-2 

3-8 

4-3 

4-9 

5-5 

40- 

960 

962 

42 -5 

•9 

1-5 

20 

2-6 

31 

3-6 

4-1 

4*7 

5-3 

42-5 

962 

964 

45- 

•9 

1-4 

1-9 

2-5 

SO 

3-5 

4 0 

4-6 

5-1 

45* 

964 

965 

47*5 

•8 

1-4 

1-9 

2-4 

2-9 

3-4 

3 9 

4.4 

4-9 

47 -5 

965 

967 

50- 

•8 

1-3 

1-8 

2-3 

2-8 

3-3 

3-8 

4-3 

4-8 

50- 

967 

969 

52-5 

■7 

1-2 

1-7 

2-2 

2-6 

S 1 

3-6 

4-1 

4-5 

52-5 

969 

970 

55- 

•7 

1-2 

1-6 

20 

2-4 

2-9 

3-4 

3-8 

4*2 

55- 

970 

972 

57-5 

•6 

1-1 

1-5 

1-9 

2-2 

2-7 

3-1 

3-5 

3*9 

57-5 

972 

973 

60- 

•6 

1-0 

1-4 

1-8 

2-1 

2-5 

2-9 

3-3 

3*6 

60- 

973 

974 

62-5 

•6 

io 

1-3 

1-7 

20 

2-4 

2 7 

3-1 

3-4 

62 -5 

974 

976 

65- 

•s 

■9 

1-2 

1-5 

1-8 

2-2 

2-5 

2-8 

3-1 

65- 

976 

977 

67-5 

•5 

-8 

1-1 

1-4 

1-7 

20 

2-3 

2-6 

2-9 

67-5 

977 

979 

70- 

•4 

•7 

IO 

1-3 

1-5 

1-8 

2-1 

2-4 

2-6 

70- 

979 

980 

72-5 

■4 

•7 

.9 

I-l 

1-3 

1-6 

1-9 

2*1 

2-3 

72-5 

980 

982 

75- 

■8 

■6 

•8 

IO 

1-2 

1-4 

16 

1-8 

20 

75- 

982 

983 

77 -5 

•s 

•5 

•7 

■9 

IO 

1-2 

1-4 

IO 

1-8 

77 -5 

983 

984 

80- 

■2 


■6 

■8 

•9 

IO 

1-2 

1-4 

1-6 

80- 

984 

986 

82 5 

•2 

-3 

■5 

■7 

•8 

•9 

IO 

1-2 

1-4 

82-5 

986 

988 

8 5- 

•2 

•2 

•4 

•6 

•7 

•8 

•9 

1-0 

1-2 

85- 

988* 

990 

87 5 

•1 

■2 

•3 

•5 

•6 

•7 

-8 

■9 

1-0 

87*5 

990 

992 

90- 

•1 

•1 

•2 

•4 

•5 

•6 

•7 

•8 

•9 

90- 

902 

994 

92-5 

- - 

•1 

•2 

•s 

•4 

•5 

•6 

•7 

•8 

92-5 

994 

996 

95- 

- . 

- . 

•1 

'2 

•s 

•4 

5 

•6 

•7 

95- 

996 

998 

97-5 

- - 

■ - 

- - 

•1 

•2 

•9 

■4 

•5 

■6 

97-5 

1 

998 


to fermentation, bat it will indicate the valne of malt liquors in relation to their com- 
ponent parts. It will likewise be a ready means of testing the relative value of*, worts 
from sugar compared with grain, as well as being Sr guide to the condition of stock 
beers and ales. 

To ascertain the strength of malt liquors and their respective yalncs, the instrument 
has been supplied with a glass saccharometer, testing-glass, and slide-rale. Commence 
by charging the testing-glass with the liquid, then insert the saccharometer, to ascertain 
its present gravity or density per barrel, and at whatever number lt floats, that will 
indicate the number of pounds per barrel heavier than water. 

Example 1. — Suppose the saccharometer to float at the figure 8, that would indicate 
8 lbs. per barrel ; then submit the liquid to the boiling test, with the salt as before 
directed, and suppose it should show (the barometrical differences being accounted for) 
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90**-, that woTild be wpiivalcnt to 10 per sent, of proof alcohol. Refer to the slide rule, 
and place ▲ on the slide against 10* on the upper line of figures, and facing b on the 
lower line will be 18, thus showing that 18 lbs. per barrel have been decomposed to 
constitute that percentage of spirit; then, by adding the 18 lbs. to the present 8 lbs. 
per barrel, the result will be 2G lbs., the original weight of the wort after leaving the 
copper. 

Example 2. — The saccharometer marks 10 lbs. per barrel, and at ih# boiling point it 
indicates 88"* a equivalent to 12 gallons of proof spirit per cent ; place ▲ aguinst 12, 
and opposites will be 21 J lbs. per barrel, when, by adding that to the 10 lbs. present. 
31 will be the result 

To uncertain the relative value . — Suppose the price of the 26 lbs. of beer to be 36*. per 
barrel, and the 3l£ lbs. beer to be 40*. per barrel, to ascertain which beer will be the 
cheapest place 26 on the opposite side of the rule against 36, and opposite 81 J lb i. will 
be 43*. 7 A, showing that the latter beer is the cheapest by 3*. Id. per barrel. 

Hy taking an account of the malt liquors by this instrument jvior to stocking, if 
may be ascertained at any time whether any alteration lias taken place in their condition, 
cither bv an increase of spirit by after fermentation and consequent loss of saccharum, 
or whether, by an apparent loss of both, acetous fermentation has not been going on 
towards the ultimate loss of the whole. * 

This instrument will likewise truly indicate the quantity of spirit per cent created 
in distillers' worts, whether in process of fermentation or ready for the still ; the only 
difference will be in the allowances on the slide-rule. 


N.B. — The saccharometers applicable to the foregoing rules for beer, ales, &c., 
have been adjusted at the temperature of 60° Fahrenheit, and will be found correct for 
general purposes; butwhere extreme minuteness is required, the variation of tempe- 
rature must be taken into account ; therefore for every 10 degrees of temperature above 
60, -ftths of a pound must be added to the gross amount found by the slide-rule ; on the 
contrary, for every 10 degrees below 60, $jths of a pound must be deducted. 

For cordialised Spirits. — The operation in this instance is somewhat different from 
that of beers, which have the alcohol created in the original worts ; whereas, in cor- 
diulised spirits, gins, &c., the alcohol is the original, and the saccharine matter, or 
sugar, is an addendum. 

If 100 gallons of spirits are required at a given strength, say 50 per cent under proof, 
50 gallons of proof spirit, with the addition of fifty gallons of water, would effect that 
object, and upon testing it by the alcoholmeter, it would be found as correct as by the 
hydrometer. But in cordial ising spirits it is different, for to the 50 gallons of proof 
spirit 50 gallons of sugar and water would be added, thereby rendering the hydrometer 
useless, except for taking the specific gravity of the bulk, and according to the quantity 
of sugar present, so a relative quantity of water must have been displaced ; and as the 
sugar has no reducing properties, the alcoholmeter will only show the strength of the 
cordial in relation to the water contained in it, as the principle indicates, irrespectively 
of saccharine or extractive matter present. 

Suppose, in making 100 gallons of cordial at 50"*’, 3 lbs. of Bugar are put to the 
gallon, or 300 lbs. to the 100 gallons, that 3001hs., displacing 18fj&tli gallons of water, 
only Slf^th gallons of water instead of 50 have been applied ; the sugar, without 
reducing properties, making up the bulk of 100 gallons, which is meant to represent 
50 per cent 

Ijjhe alcoholmeter will only show at the full point of ebullition the alcoholic strength 
in relation to the water in the 100 gallons of the mixture, or 35 per ccnt , * , l leaving 15 
per cent to be accounted for on the bulk. % 

As the quantity of sugar pre|pnt must be determined before that percentage 
can be arrived at, a double object will be effected by so domg, namely eliciting in all 
instances the quantity of sugar present, os well as the percentage of spirit to be ac- 
counted for. 

Eramjde 1. — In taking the sp. gr. of a cordial, suppose it to be found 1076, then 
submit the liquid to the boiling point, and having ascertained the percentage of alcohol, 
and it pnwes to be 35"*r% the s^ gr. of alcohol at that strength will be found to he 956; 
deduct 956 from the sp. gr. of the bulk, or 1076, and 120 will remain ; refer that to its 
amount on the head line of the table No 2, namely, 120, under which will be found 3, 
representing 3 lbs. of sugar to the gallon ; and by running the eye down its column to 
opposite the alcoholic strength indicated (35 ,, P’) will be found 14 -9, which 
]>ercentage of nutter displaced by the sugar, and which amount of 14*9, added to the 
35 per cent ascertained, makes tne total upon the bulk 49*9 per cent-****, with 3 lbs. of 
k sugar to the gallon. _ . , 

For dint, kc.— Example S. In taking the »p. gr., anppoao it to be found 957 ; then 
submit to the boiling point, and it proves to be whose sp. gr. is 937, which 
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deducted from 957, leaves sp. gr. 20 ; cm the head-line of table No. 2 } under 20 , will 
be found 8 ox., or £ lb. of sugar to the gallon, and running tHe eye down to opposite 
14 a '», will be found 3*0, which added to the 14, makes the total on the bulk 17 per 
cent.***, with 50 lbs. of sugar to the 100 gallons. 

To chemists for their tinctures, &C., this instrument will be found essentially 
dsefhL 

N.B. — Care must be taken that the mercury is entirely in the bulb of tbe thermo- 
meter before it u fixed on the stem for operation, and in all cases (except for water) 
the salt must be used. 

EDGE TOOLS ; more properly cutting tools , of which the chisel may be regarded 
as the type. Holtxapffel, whose book on Mechanical Manipulation is the best to be 
found in any language, divides cutting tools into three groups, — namely paring tools, 
scraping tools, and shearing tools. 

First Paring or splitting tools, with thin edges, the angles of which do not exceed 
* sixty degrees ; one plane of the edge being nearly coincident with the plane of the 
work produced (ot with the tangent in circular work). These tools remove the 
fibres principally in the direction of their length, or longitudinally, and they produce 
large coarse chips, or shavings, by acting like the common wedge applied to mecha- 
nical power. r 

Secondly. Scraping tools, with thick edges, that measure from sixty to one hundred 
and twenty degrees. The planes of the edges form nearly equal angles with the 
surface produced, or else the one plane is neurly or quite perpendicular to the face 
of the work (or becomes as a radius to the circle). These tools remove the fibres 
in all directions with nearly equal facility, and they produce fiuc dust-like shavings 
by acting superficially. 

Thirdly. Shearing, or separating tools, with edges of from sixty to ninety degree 
generally duplex, and then applied on opposite sides of the substances. One plane of 
each tool, or of the siDgle tool, coincident with the plane produced. 

Mr. James Bouydell introduced a process which professes to produce cheap edge 
tools of excellent quality. We believe the result has not been so satisfactory as the 
patentee expected. He welds iron and steel together in such a manner that when 
ent up to form edge tools, the steel will constitute a thiu layer to form the cutting 
edge, lie piles a slab or plate of steel upon two or more similar plates of iron, heats 
in a furnace to a good welding heat, and then passes between grooved or other 
suitable rollers, to convert it into bum ; the steel being in a thin layer either on one 
of the outer surfaces of the bar, or between two surfaces of iron according to the kind 
of tool to be made therefrom. The bars thus produced are cut up and manufactured 
into the shape of the desired articles by forging. If the cutting edge is to extend 
but a short distance, the steel is applied only near one edge of the pile. The compound 
bars which have the steel on on.- side are suitable for chisels and other tools, which 
have a cutting edge on one side, the iron being ground away when making or sharpen- 
ing the took See Cutlery ; Steel. 

EDULCORATE ( Edulcorer , Fr.; Aussussen, Germ.) is a word introduced by the 
alchemists to signify the sweetening, or rather rendering insipid, of acrimonious pul- 
verulent substances, by copious ablutions with water. It means, in modern language, 
the washing away of all particles soluble in water, by agitation or trituration with this 
fluid, and subsequent decantation or filtration. 

EFFERVESCENCE. (Eng. and Fr. ; Aufbrausen, Germ.) When gaseous matter 
is suddenly extricated with a hissing sound during a chemical mixture, or by the 
application of a chemical solvent to a solid, the phenomenon, from its resemblance to 
that of simmering or boiling water^ds called effervescence. The most familiar ex- 
ample is afforded in the solution of sodaic powdert, ; in which the carbonic acid gas of 
bicarbonate of soda is extricated by the action of citric or tartaric acid. 

EFFLORESCENCE (Eng. and Fr.; Verwittcm, Germ.) is the spontaneous con- 
version of a solid, usually crystalline, into a powder, in consequence either of the 
abstraction of the combined water by the air, as happens to the crystals of sulphate 
and carbonate of soda; or by the absorption of oxygen and the formation «>f a saline 
compound, as in the case of alum schist, and iron pjVites. Saltpetre appears as an 
efflorescence upon the ground and walls in many situations. 

EGG. The eggs orbirds become useful in many processes of manufacture. They 
consist of four parts J 

The shell, consisting of 

‘ Carbonate of lime gg.g 

Phosphate of lime and magnesia - - - - . g-y 

Animal matter and sulphur ------ 47 
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A membrane (rX embram putaminis) which lines the shell, which analysis shows to 
be composed of 


Carbon - 

- 

- 

- 

- 

- 50-7 

Hydrogen - 

- 

- 

- 

- 

- 66 

Nitrogen - 

- 

- 

- 

- 

- 16*8 

Oxygen and snlphur - 

- 

- 

- 

- 

- 26*0 


The white. Albumen. 

The polk or vitellum. 

The albumen, or white of egg, is used for numerous purposes in the arts. It con- 
tains carbonates in variable quantity, albumen, a small quantity of fist, glucose, and 
extractive matter. 

The yolk of bird's eggs consists mainly of fat and pigment See Watts 'Dictionary 
of Chemistry. 

Eggs, non-inenbated, respire, giving off water and carbonic acid, and absorbing 
oxygen, so that the air confined at the broad end of the egg is richer in oxygen than 
the external air. This indicates the method to be adopted in the preservation ol 
eggs, vie. to fill the pores of the Bhell, so as to prevent entirely the osmose force to 
which this respiration belongs. If the eggs are dipped into melted tallow or wax, or 
into a cream of freshly slacked lime, this is effected. Dipping eggs into a strong 
brine is said to be effectual ; the effects are the same with either. The trade in eggB 
is large ; in 1864 we imported 


Great Hundreds. Value 

From Belgium ----- 217,067 £66,699 

France 2,393,521 713,570 

„ Spain 54,465 16.945 

„ Channel Islands ... 113,294 33,185 

Other parts - 15,805 4,629 

2,794,152 835,028 


EGGS, HATCHING. See Incubation, Artificial. 

EIDER-DOWN is so called because it is obtained from the Eu/er-duck. 

EIDER-DUCK. Sometaria. There are two species of these ducks, abundant in 
the frozen regions of the north, especially in Iceland, Lapland, Greenland, Spits- 
bergen, and Baffin's and Hudson's Bay. To the inhabitants of these countries 
these birds are exceedingly valuable These birds build their nests among pre- 
cipitous rocks, and the female liues them with fine down plucked from her breast, 
among which she lays her five eggs. The natives of the districts frequented by the 
eider-ducks let themselves down by cords among the dangerous cliffs, to collect the 
down from the nests. They also catch the lieu bird while she is sitting and pluck 
the down. When brought to market the down is in balls, weighing from three to 
fonr pounds, and not much larger than a man's fist. But the down is so fine and 
clastic that when opened aud held near a fire to expand, one ball would fill a quilt 
five feet square. See Swan’s Down. 

EIJEIS. A genus of palm trees, containing one or two species which grow in 
tropical Africa and America. The oil palm, or Elais gnineensis , is a native of the 
western coast of Africa. . 

The*oil resides in the fleshy portion of the fruit, which is about the size of pigeons 
eggs, ovate, somewhat angular, deep orange yellow, collected in beads. They have 
a thin epicarp, a fibrous, oily, yellow sarcocarp, wtiich covers and closely adheres to 
the bard stony putamen or endocarp.Vithin which is the seed. The oil is obtained 
from the sarcocarp, and in this respect resembles the olivq. It is obtained either by 
expression, or by boiling the fruit with water, when the oil separates and riseB to the 
surface. It is imported principally from Cayenne and the coasts of Guinea. It is, 
when freshly imported, of the consistence of tallow, of an orange colour, and possesses 
the smell oPvioIets, and fuses at nbout 80° F. It speedily becomes rancid and de- 
composes with liberation of glycerine and the fatty acids, and as this change pro- 
gresses, its fusing point gradually rises till it sometimes even reaches 97° F. It is. 
composed principally of a peculiar fat, palmitin. and a little oleine aud colouring 
matter. It itiused in the manufacture of soap and candles, and is imported in very 
large quantities. The following is a general outline of the treatment of palm oil at 
Price's Candle Company’s works. See Pharmaceutical Journal , *oL P J 
The crude palm oil is melted out of the casks in which it has been imported, and 
allowed to remain in a melted state in large tanks until the mechanical impurities 
have settled to the bottom. The clear oil is then pumped into close vessels, where* 
is heated and exposed to the action of sulphuric acid. The glycerine and fatty acids 
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arc thereby separated, and the colonring matter and impuriJes are carbonised and 
partly rendered insoluble. The mixture has now a greyish-brown colour, aud is 
washed with water to remove the acid. From the washed product, distillation now 
separates the mixed fatty acids (palmitic and palm-oleic acids), as. a white crystalline 
ifat, while the residuum in the still is converted into a fine hard pitch. This pitch is 
fit for any of die purposes to which ordinary pitch is applicable. The mixed fatty 
acids may he* made directly into candles, or they may be separated by hydraulic 
pressure, sided, if necessary, by heat This effects the separation of the liquid part 
(oleic acid), which, after purification, is fit for burning in lamps and other purposes. 
The hard cake left in the presses is nearly pure palmitic acid, it is brilliantly white, 
not at all greasy, and has a melting point of 135° to 138°. It is fit for the manu- 
facture of the finest candles, either alone or in admixture with the stearine of the 
cocoa nut oil. 

Palm oil often requires to be bleached for its various uses, and there are several 
* processes used tr effect it, vis. chlorine, powerful acids, and (he combined influence 
of air, heat, and light. 

M. Pohl has bleached palm oil by heating it quickly to 464° F. and keeping it at 
that temperature for a few, minutes, without the aid of light or air. And he says this 
process has been carried on for some time in a factory. The heating of the palm oil 
is effected as rapidly as possible in cast-iron pans ; it is kept for ten minutes at the 
temperature of 464° F., and the bleaching is complete. Ten or twelve hundred- 
weight of palm oil may be conveniently heated in one pan, which, however, must only 
be two-thirds full, as the oil expands greatly by the heat It must be covered with a 
well fitted cover, which prevents inconvenience from the disagreeable vapours which 
arise. This answers better on the large scale than on the small. By this process it 
acquires an empyreumatic odour, which disappears after a little time, and the original 
odour of the palm oil returns. 

The yellow fat which is used to grease the axle-trees of the railway carriages is 
prepared with a mixture of palm oil and tallow, with which is mixed a little soda lye. 
(' Gerhardt . ) 

For the properties of pahuitin and palmitic acid, see Palmitic Acid. 

In 1804 we imported of palm oil as follows ; — 

Quantity. Computed real value, 
ewtt. £ 

Fernando Po 3.077 5,131 

Portuguese Possessions in West Africa - 13,633 23,098 

West Coast of Africa .... 544,826 915,585 

United States : 

North Atlantic Ports - - - 3,742 6,257 

Ports on the Pacific - - - - 5 8 

Brasil 5,095 8,536 

Sierra Leone ------ 6,035 10,073 

Gold Coast ...... 89,296 151,220 

Other parti 873 1,462 

666,582 £1,121,370 * 

ELAINE (called also Oleine) is the name given by Chevreul to the thin oil, which 
may be expelled from tallow and other fats, solid or fluid, by pressure either in their 
natural state or after being saponified, so as to harden the stearine. It may be extracted 
also by digesting the fat in seven or eight times its weight of boiling alcohol, spec. grav. 
0*798, till it dissolves the whole. *Upon cooling the solution the stearine falls to the 
bottom, while the elaine collects in a layer like Wive oil, upon the surface of the super- 
natant solution, reduced bj evaporation to one cigbth of its bulk. If this elaine be now 
exposed to a cold temperature, it will deposit its remaining stearine, and become 
pure. Braconnot obtained it by exposing olive oil to a temperature of about 21° F. 
in order to cause the congelation of the margarine or stearine (?). The elaine was 
a greenish yellow liquid ; at 14° F. it deposited a little margarine. See Oils and 
Stearine. v 

ELASTIC BANDS. ( Tissue ilastiques , Fr. ; Federharz-zeiye , Germ.) See Caout- 
chouc and Braiding Machine. 

ELASTICITY. The property which bodies possess of occupying, and tending 
to occupy, portions of space of determinate volume, or determinate volume and figure, 
at giqpn pressures and temperatures, and which, in a homogenedas bod}, manifests 
itself equally in every jjart of appreciable magnitude ( Nichol ). The examination of 
this important subject in Kinetics does not belong to this work. A few remarls, 
aud some explanations, only are necessary. 

Elastic Pressure is the force exerted between two bodies at their surface of contact 
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Compression is pleasured by the diminution of volume which the compressible 
(elastic) body undergoes. • 

The Modulus or Coefficient of Elasticity of a liquid is the ratio of a pressure applied 
to, and exerted by, the liquid to the accompanying compression, and is therefore the 
reciprocal of the compressibility. The quantity to which the term Modulus of 
Elasticity was first applied by Dr. Young, is the reciprocal of the extensibility or 
longitudinal pliability. (See the Edinburgh Transactions, and those of the Royal 
Society, for the papers of Barlow, Maxwell, and Rankint , and the British ^Association 
Reports for those of Fairbaim, Hodykinson , Ac.) 

Various tables, showing the elasticity of metals, glass, Ac., hare been constructed, 
and will be found in treatises on mechanics. The following notices of the mecha- 
nical properties of woods may prove of considerable interest The experiments were 
by (Ihevandier and Wcrtheira. 

Rods of square section 10 mm in thickness and 2 m in length were prepared, being 
cut in the direction of the fibres, and the velocity of sound in them was determined by 
the longitudinal vibrations, their elasticity from their increase in length, and their co- 
hesion by loading them to the point of rupture. Small rods were cut in planes per- 
pendicular to the fibre grain (in directions radial and tangential to the rings of growth) 
and their elasticity and sound volocity were measured by the lateral vibraiions. Ii wus 
thus again established, that the coefficients of elasticity as deduced from the vibrations, 
come out higher than those derived from the elongation. 


Names of the woods. 

Den- 

sity. 

Sound velocity. 

Coefficients of elas- 
ticity. 

Collusion. 

Acacia • 

0-717 

L. 

14*9 

R. 

T. 

L. 

1216*9 

Ii. 

T. 

L. 

7-93 

H. 

T. 

Fir - - - - 

0*493 

13*96 

am 

4*72 

1113*2 

94*5 

34*1 



Hornbeam ... 

0*756 

11*80 


7*20 

1085*7 


103*4 

2*99 1*007 

0-618 

Birch .... 

0*812 

13*32 

6*46 

9*14 

997*2 

81*1 

155*2 


1*063 

Beech ... - 

0*823 


11 06 

8*53 

980-4269*7 

159-3 

357 

0*885 

0*752 

Ouk - - 

0*808 

— 

— 

— 

977-8 

— 

— 

6-49 

— 

— 

Holm-Oak - 

0*872 

11*58 

9*24 

7-76 

921*3 

188*7 

129*8 

5*66 

0*582 

0 406 

Pine - 


lltgiio 

8*53 

4*78 

564*1 

97*7 

28-6 

2*48 

0256 

0*196 

Sycamore - * 

0*692 

13*43 

902 

6*85 

1163*8 

1349 

80-5 

6*16 

0522 

0*610 

Ash - 

0*697 

14*05 

8 39 7*60 1121*4111*3 

102*0 


hie 

mgwa 

Alder - - - 

0*601 

13*95 

8.25|6-28,1 108*1 

98-3 

594 


SEE 

0*175 

Aspen ■ - • » 

0*602 

iraTT 

9*72 5*48!1075*9il07-6 
9*26 6-231021*4157*1 
8*44 6-32; 517*2! 73*3 

43*4 


0*171 

0*414 

Maple - 


12*36 

72*7 

3*58 

0*716 

0*371 

Poplar - 


12*89 

38*9 

1*97 

0*146 

0*214 

Elm - 

— 

— 

[ 8'5G|6‘11 


122-6 

63 4 


0*345 



L refers to rods cut lengthwise with the grain, 
R to those cut in a direction radial, and 
T to those tangential to the annual rings. 


ELASTIC BITUMEN. Elaterite. Mineral Caoutchouc. A fossil resin, occur- 
ring in soft, flexible masses at Castleton in Derbyshire. See Bitumkn. 

ELATERIUM. A peculiar extract obtained from the juice of the wild cucumber 


Pitb balls for vice- 


( Momordica elaterimn.) 

ELDER. (Samhucus nigra , Sureau, Fr. ; Htdlmder, , Gem.) 
trical purposes are manufactured from the pitb of the elder tree, dned. _ j be wood is 
employed for inferior turnery work, for weaver’s shuttles, netting pins, and shoe- 
makers’ pegs. ..Its elasticity and strength render it peculiarly fitted for these latter 
purposes. The flowers of the elde^are largely collected for distillation, yielding the 
well-known elder-flower water ; 9 pounds of flowers distilled with 4 gallons of water 
give 3 gallons of the fragrant distillate; they are also helped m law fi» r makln $ 
elder ointment ^ The berries or fruit of the elder are empfoyed for making one of 

ELECTIVE AFFINITY. ( Wahlverwandtschaji , Germ.) See Decomposition 
Equivalents. . 

ELECTRIC CLOCKS. The application of electricity as a motive power to 
clock*, and as a means of transmitting synchronous signals or time, is naturally rati- 
Vou II. L 
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mately connected with the attempts (not yet realised in an economic print) to apply it 
as \ motive power to machinery, and with its anplication, stffhlly realised (see article 
Electbo-tklegbafht), to telegraphy proper; and it has grown np side by aide with the 
latter. Prof. Wheatstone’s attention was directed to it in the very early days of telegraphy. 
Without entering upon the history of electric docks, it will suffice to describe two 
principles on which they have been constructed, and which are best known, — Bain's 
and Shepherd’s. In the former, electricity maintains the pendulum in motion, and the 
pendulum disves the clock- train ; in the latter, the motion of the pendnlnm is maintained 
by electricity, but the dock-train is driven by distinct currents, sent to it by means of 
pendulum contacts. 

The bob of Bain's pendulum consists of a coil of wire, wound on a bobbin with a 
hollow centre. The axis of the bobbin is horizontal Bar magnets, presenting 
similar poles, are fixed on each aide of the coil, in such a position that, as the pendnlnm 
osdllates right and left, the poles on either side may enter the coil of wire. It is one 
of the laws of electric currents, when circulating in a helix, or spiral, or coil, or even 
in a single ring, that each face of the coil presents the characters of a magnetic pole, 
of a sooth pole if the current circulates in the direction in which the hands of a 
watch move, of a north pole, if it circulates in the reverse direction. Things are so 
arranged in Bun’s pendulum that a battery current is alternately circulating in and 
cut off from the coil W hen the current is circulating, the coil has the character of a 

magnet, with a north end and a south end ; if 
the permanent magnets present north poles, the 
north end of the coil-bob will be repelled from 
one of the magnets, while its south end will be 
attracted by the other magnet This consti- 
tutes the impulse or maintaining power in one 
direction. Now the connections are snch that 
when the arc of vibration is complete and the 
pendulum ready for the return vibration, the 
pendulum rod pashes aside a golden slide, by 
which the electric circuit had been completed, 
and the current is cut off ; the pendulum is thus 
able to make its return vibration by mere 
gravity. It starts to repeat the above operations 
by mere gravity; but, ere it completes the arc, 
the rod pushes hack the slide, and again com- 
pletes the electric circuit, and gives rise to a 
second impulse, and so on. A small amount of 
magnetic attraction is sufficient to supply the 
necessary amount of maintaining power. One 
pair of xinc-copper, buried in the moist earth, 
has been found ample. 

In an ordinary clock, the train is carried by 
a weight or by a spring, and the time is regu- 
lated by the pendulum. In Bain's the tjme is 
regulated and the train is driven by the pendu- 
lum. The rod hangs within a crutch in the 
nsual way ; the cratch carries pallets of a par- 
ticular kind, acting in a scape- wheel ; and from 
the latter, the motion is transmitted to a train 
of the usual character; but much lighter. For 
large clocks, Mr. Bain proposes a modification 
of the Blide, which shall invert the current at 
each oscillation, so as to have attraction as a 
maintaining power in both oscillations. The 
general arrangement of the pendnlnm is shown 
m Jig. 686p. » is the pendnlnm boh, with its 
coil of wire, the ends of which pass up on either 
side of the rod. x and c are the battery plates, 
with their attached wires d and d\ The arrows 
show the course of the voltaic current from the 
plate c by the wire o', thence dbwn the pendu- 
lum rod by the right hand wire, through the coil 
*» n P by the wire on left side of rod, then by 
, , . the wire c, along the slide at e, and by the 

wire d to the zinc plate z. When the slide E is in position, the circuit is complete, 
and the bob is attracted by the a pole of one of the magnets, and repelled by then' 
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pole of the other. When fhe slide is displaced, the attraction ceases, and the pendulum 
is left to the mire action of gravity. 

Shepherd's electric clock has a rfmontoir escapement There is no direct connec- 
tion between the electric force and the pcndnlum, or between the pendulnm and the 
clock train. The attractive power, derived from the electric current, is simply em- 
ployed to raise the same small weight to the same height ; and the clock-train is 
carried by the attractive force derived from electric currents, whose drenits are conP 
pleted by the pendulum touching contact springs. The pendulum is thus protected 
from the influence of change in the force of the current, or from irreffular resistances 
in the train. Fig . 687 is a perspective view of this pendulnm, with batteries, s a, 

G87 



attached, and the clock connections and those of its batteries, 9 s t z 9 shown. The 
electricity leaves the pendulum battery by the wire a. and returns to it by the wire r. 

L 2 
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Then is only one break in this circuit, namely, at e, which is a slendjjr s pring faced 
with platinum, that is in contact with platinum on the pcndulun at the extreme of ita 
right vibration, but at no other time. The wire’* reaches the pendulum from the 
battery by the coils b, the plate c, and the frame d j the wire r goes direct from the 
spring e to the sine z. From this arrangement, it happens that every time the con- 
tact at k is completed, the iron core, of which the ends n s arc visible, contained 
within the coils b, becomes a magnet, and when the contact at k is broken, the 
magnetism ceas^p. The poles N s have, therefore, a power alternately to attract and 
to release ei, which is a plate or armature of soft iron, moving on an axis, as shown 
in the figure, and to which is attached a bar b , with a counterpoise L We have said 
that the office here of the electric force, is merely to rauc a weight; the fall of the 
weight maintains the pendulum in motion. When the armature a is attracted, the 
lever b is raised; this raises the wire c into a horizontal position, and its other part 
d into a vertical position; the latter is caught and retained by the latch or detent c; so 
that when the magnetic attraction ceases, the counterpoise t descends with the lever 
4 ; aud so the armature a leaves the electro-magnet w s. But the wire d remains 
vertical, and its other part with the small weight c remains horizontal. Now, when 
the (H'ndulum makes its left hand oscillation, the point of the screw /impinges upon 
the stem g, and carries it a little to the left ; this raises the detent c, and liberates the 
piece d c, which descends inter its original position by gravity ; the small ball c adds 
to its weight In descending, the vertical piece c strikes against the point of the 
screw h , and gives a small impulse to the pendulum l*. The ball c is not larger than 
a |»eu, and its fall is not an eighth of an inch ; but the impact is sufficient to keep the 
pendulum in motion ; and it is constant, being this same body falling through the 
same space; and is independent of any variation in the battery power, which latter is 
only concerned in raising the ball. The arc of the pendulum's vibration is regulated 
by adjusting the small ball to a greater or less distance from the centre. Provision is 
thus made for maintaining the pendulum in motion, and giving it an impact of con- 
stant value. If this arrangement is in connection with a compensating mercurial pen- 
dulum, extreme accuracy of time-keeping is attained. The next step is to transfer 
the seconds, thus secured, to a dial or clock. The same movement of the keeper a 
with its counterpoise i, has sometimes been made to impart motion to the seconds 
wheel of a clock train; but more commonly the clock train is distinct, as shown in the 
drawing, and is carried by a special electro- magnetic arrangement, in connection with 
separate batteries, z c, z c, the contacts of which are, however, under the control of 
the pendulum. Insulated springs, k and Z, are fixed near the top of the rod ; from k 
a wire leads to the silver s, of the left hand battery ; and from l another wire leads to 
the zinc z , of the right hand battery. The other metals of the respective batteries are 
connected by a wire with an electro-magnet within the clock, the other end of the said 
electro-magnet being connected with the metal bed and frame of the pendulum. When, 
therefore, the pendulum oscillates to the right, the circuit is completed at k ; and the 
current of the left hand battery circulates from s through the wire k ; and thence 
through the metal frame and by the wire to the clock, and so to the zinc z. When 
the oscillation is to the left and ’/ is in contact, the right hand lottery is in action ; and 
the current circulates from a through the clock, to the metal frame, and thence to 4 
and to the zinc z of the battery. In one case, a voltaic current enters the clock by 
the wire shown below, and leaves it by the upper wire ; and, in the other case, it 
enters by the upper and leaves by the lower wire. There is a double set of electro- 
magnets within he clock, showing four poles in all ; there are also two magnetised 
steel bars, mounted see-saw fashion, with their poles alternate, aud facing the four 
electro-magnetic poles. When the current enters the clock from below or in one 
direction, the bars oscillate this way; < when it enters from above or in the reverse 
direction, they oscillutc that way. They are both axed at right angles to and upon 
the same axis ; which axis carries a pair of driving pallets, that act on a scape-wheel, 
and so the clock-train is driven. It will be seen at a glance, that two or more clocks 
may be connected iu the same circuit, as readily as one ; it being merely necessary in 
such case to modify the battery power, to correspond with the work to be done. 
For instance, three such clocks have been going for several years at Tonbhdge by 
the same pendulum ; several are actuated in like manner at the Royal Observatory 
Greenwich. Nor is it necessary that the clocks should be iu the same room with ihe’ 
pendulum, or in the Bame building, or even in the same parish. All the clocks above 
referred to, are variously distributed; and one of the Observatory clocks is fix miles 
distant from its pendulum, being at the London Bridge Station of the fouth-ljastem 

in cuses’where it has not been found convenient to drive the dock train, especially 
in the case of a public one, the movement of which is heavy, great advantage bus 
beeu derived for regulating the oscillations of the pendulum of the large clock, by 
means of electric currents, under the control of a standard pendulum. Mr. Jones 
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has adopted thif method, and its is likely to meet with much fovonr. The turret 
clock, under this arrangement, is driven by weights in the usual way, and the time is 
regulated by a pendulum. The bob of the pendulum is placed under a condition , 
analogous to that of Bain's (Jig. 686), the permanent magnet, however, being attached 
to the pendulum, and the electro-magnet fixed facing it. If currents are made # to 
circulate synchronously in the latter, by means of a standard penduliun, the oscillations 
of the pcndnlnm of the turret-clock are constrained to accord with those of the 
standard, and a very perfect system of time-keeping is obtained. This is practised at 
Liverpool ; and has just been introduced at Greenwich. 

Under the above arrangements the clock is controlled by the standard pendulum 
second by second, and the two keep time together throughout the day. There are 
cases in which it is sufficient, and also more convenient, to correct a clock once a day 
only by means of a telegraph signal transmitted from a standard clock. This is 
managed in several ways. There is a clock at the Telegraph Office in the Strand,' 
a good regulator, adjusted to gain a second or two during the twlnty-four hours, irid 
to stop at 1 p.m. A telegraph signal is sent from the Royal Observatory precisely at 
one, that drops a time-ball at the Strand office, which, in falling, starts the clock. 
At Ashford, seventy-three miles from Greenwich, t hero is an electric clock which has 
a gaining rate, and which is so constructed that the Itattcry circuit is opened at one 
o'clock by means of pins and springs attached to the movement, and the clock there- 
fore stops. At 1 p.m., Greenwich mean time, a signal is sent through the Ashford 
clock from the Royal Observatory, which starts it at once at true time. At the Post 
office, Lombard Street, there is a clock which, in the course of the twenty-four hours, 
raises a weight At noon a telegraph signal is sent from Greenwich, which passes 
through an electro-magnet ; the latter attracts an armature of soft iron and liberates 
the boll, which falls, and in foiling it encounters a cratch, or lever, attached to the 
second’s hand, and thrusts it this way or that, as the case may he ; but so as to bring 
it to sixty seconds on the dial, and thns to set the clock right. 

Intermediate between the one method of sending a signal every second to regnlato 
a clock, and the other method of sending it once a day, we have the following arrange- 
ment of Bain's for sending it once an hour. Fig . 688 shows the arrangement, with 
part of the dial removed, to show the position of the electro-magnet. The armature 
is below ; it carries a vertical stem, terminating 
above in a fork. Its ordinary position is shown 
by the dotted lines. The minute hand (partly 
removed from the cut) carries a pin on its back 
surface. When the hand is near to sixty mi- 
nutes, and an electric current is sent through 
the magnet, the armature is attracted upwards 
and the fork takes the position shown by the 
full linos at the top of the dial, and, in doing 
so. it encounters the pin and forces the hand 
into the vertical position, and sets the clock 
fo true time, providing the signal conics from 
a standard clock, or is sent by hand at true 
time. A dial of moderate character keeps so 
near to time, that once or twice a day would 
lie, for all common purposes, often enough to 
correct it 

Fig. 689 is an arrangement of Bain's, 
which a principal clock, sho#ing seconds, 
sends electric currents at minute intervals to other clocks, and causes the hand to 
move minute by minute. A is a voltaic battery ; u is the principal clock, which may 
be an electric clock or not at pleasure; a and n are two out of many subordinate 
clykg. The seconds hand of the principal clock completes a voltaic circuit twice 
(for the cease of two clocks) during the minute; at the 30 seconds for the clock a, 
and at the 60 seconds for thehclock n. The clock n shows time in leaps from one 
minute to the next ; and the clock g from one half minute to the next half minnte. 
As many more contacts per minute may be provided for the seconds hand of the 
prime dock as there are subordinate clocks. . 

Next akin to the time signals above described, and which act automatically upon 
docks, Either fft drive the clock-train or to correct the clock errors, ore mere time 
signals, which are extensively distributed throughout the country by the ordmary tele- 
graph wires, and are looked for at the various telegraph stations, in order to compare 
the office dials with Greenwich mean time, and to make the necessary correction ; 
they are also re- distributed by hand the moment they appear, through sub-districts 
branching from junction stations. Large black balls, hoisted m conspicuous stations, 
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are tlfft dropped daily by electric currents in virions places, for the general infor- 
mation of the public, or of the captains of ships. — C. V. W. 

689 



ELECTRICITY for Blasting in Mines and Quarries. Professor Hare was the first 
who entertained this idea, but Mr. Martin Roberts devised the following process. In 
order not to be called upon to make afresh a new apparatus for each explosion, Mr. 
Roberts invented cartridges, which may be constructed beforehand. With this view, 
two copper wires are procured, about a tenth of an inch in diameter, and three yards 
in length, well covered with silk or cotton tarred, so that their insulation may be 

I very good. They are twisted together (Jig . 690) for a length of 
six inches, care being taken to leave their lower extremities free, 
for a length of about half an inch (separating them about half an 
inch), from which the insulating envelope is removed, in order to stretch 
between them a fine iron wire, after'having taken the precaution 
of cleaning them well. The upper extremities of the two copper 
wires are likewise separated, in order to allow of their being placed 
respectively in communication with the conductors, that abut upon 
the poles of a pile. The body of the cartridges is a tin tube, three 
inches long, and throe quarters of an inch in diameter, the soldering* 
of which are very well made, in order that it may be perfectly imper- 
meable to water. A glass tube might equally well be employed, 
were it not for its fragility, which has caused a tin tube to be pre- 
ferred. The system of copper wires is introduced into the tube, 
fixing them by means of a stem that traverses it at such a height 
that the fine iron wire is Bitnated in the middle of the tin tube, 
so arranged that the ends of the copper wire do not anywhere 
touch the sides of the tube (fig. 691). The cork is firmly fixed at 
the upper extremity of the tube with a good cement Mr. Roberts 
recommends for this^ operation, a cement composed of one part of bees- 
wax and two parts *of resin ; thfc tube is then filled with powder by 
its other extremity, which is likewise stopped with a cork, which is 
cemented is the same manner. Figure 692 indicates the manner 
in which the cartridge is placed in the hole, after having care- 
folly expelled all dust and moisture ; care must be taken that the 
cartridge is situated in the middle of the charge of powder tlAt is 
introduced into the hole. Above the powder is placed* a plug of 
straw or tow, .so as to allow between it and the powder a small space 
filled with air ; and above the plug is poured dry sand, until the hole 
is filled with it The two ends of the copper wires that come out of 
the cartridge are made to communicate with the poles* of the pile, 
by means of conductors of sufficient length, that gne max be pro- 
tected from all dangers arising from the explosion of the mine. 

M. Ruhmkorff, and after him, M. Verdu, have successfully tried to substitute th« 
induction spark for the incandescence of a wire, in order to bring about the ignition of 
the powder. This process, besides the considerable economy that it presents— since 
instead of from fifteen to twenty Bunsen’s pairs, necessary for causing the ignition 
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of the wire, it requires hot a single one fbr producing the induction spark,— possesses 
the advantages of being less susceptible of derangement Only it was necessary to 



contrive a plan to bring about the ignition of the powder; in feet, it happens, that 
when by the eftcct of the length of the conductors that abut upon the mine, the 
circuit presents too great a resistance, the induction spark is able to pass through 
the powder without inflaming it. M. lluhmkorff has conceived the happy idea of 
seeking for a medium, which, more easily inflammable by the spark, may bring about 
the ignition of the powder in all possible conditions. He found it in Statham's fusees, 
which are prepared by taking two ends of copper wire covered with ordinary gutta 
percha ; they are twisted (Jig. 693), and the ends ore bent so as to make them enter 
into an envelope of vulcanised (sulphured) gutta percha, which has been cut and 
drawn off from a copper wire that had been for a long time covered with it. Upon 
this envelope a sloping cut a, h , is formed ; and after having maintained the ex- 
tremities of the copper wires at about the eighth of an inch from each other, their 
points are covered with fulminate of mercury, in order to render the ignition of the 
l>owder more easy. The cut is filled with powder, and the whole is wrapped round w>th 
a piece of caoutchouc tube, c, d, or else it is placed in a cartridge filled with powder. 

In the Statham fusees, it is the sulphide (sulphnret) of copper adhering to the wire, 
produced by the action of the vulcanised gutta percha which is removed from the 
copper wire that it covered, which by being inflamed under the action of the induction 
spurk brings about an explosion. But it is necessary to take care when the fusee has 
been prepared, as we have pointed out, to try it in order to regulate the extent of the 
solution of continuity. It might, in fact, happen that while still belonging to the same 
envelope of a copper wire, the sheath of a vulcanised gutta percha with which the 
fusee is furnished, may be more or less impregnated with sulphide of copper; 
now, if the sulphide of copper is in too gre^t quantity, it becomes too gocil a 
conductor, and prevents the spark Jeing produced ; if, on the contrary, it is not in a 
sufficiently large quantity, it does not sufficiently facilitate ihe discharge. 

The first trials on a large scale of the application of the process' that we just 
described, were made with RuhmkorfTs induction apparatus, hv the Spanish colonel, 
Verde, in the workshops of M. llerkman, manufacturer of gutta percha covered wire, 
at £a Vityette, near Paris. Experiments were made successively upon lengths of 
wire of 400, 600, 1000, 5000, ogd up to 2G,000 metres (of 3*28 feet); and the success 
was always complete, whether with a circuit composed of two wires, or replacing one 
of the wires by the earth; two ordinary Bunsen's pairs were sufficient for producing 
the indne^pn spark with RuhmkorfTs apparatus. Since his first researches with 
M. Ruhmkorff, M. Verdn has applied himself to fresh researches in S.nain ; and he 
was satiflfied, bj^many trials, that of all explosive substances, not any one was nearly 
so sensitive as fulminate of mercury; only, in order to avoid the danger that arises 
• from the facility of explosion of this compound, he takes the precaution of intro- 
ducing the extremity of the fusees into a small gotta percha tube, closed at the end. 
After having filled with powder this species of little box, and having closed it 
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hermetically, the fusees may be carried about, may be handled, t&ay be allowed to 
fall, and even squeezed rather hard, without danger. The elastic and leather-like 
nature of gutta percha, which has been carefully softened a little at the fire, preserves 
the fulminate ftom all chance of accident We may add, that with a simple Bunsen's 
pair, and by means of RuhmkoriTs induction apparatus, M. Verdu has succeeded in 
producing the simultaneous explosion of six small mines, interposed in the same 
circuit at 32Q yards from the apparatus. He has not been beyond this limit ; but he 
has sought for the means of acting indirectly upon a great number of mines, by 
distributing them into groups of five, and by interposing each of these groups in a 
special circuit. The fusees of each group are made to communicate by a single wire, 
one of the extremities of which is buried in the ground, and whose other extremity 
is near to the apparatus. On touching the induction apparatus successively with 
each of the free ends that are held in the hand, which requires scarcely a second of 
time, if there are four wires, that is to say, four groups and consequently twenty 
mines, twenty explosions are obtained simultaneously at considerable distances. 
There are no limits either to the distance at which the explosion may take place, or 
to the number of mines that may be thus made to explode. 

The following account of experiments on the application of permanent magnets to 
the explosion of charges a^d to submarine operations, is from a Memoir by Professor 
Abel, F.R.S. The ignition of gunpowder by the direct magneto-electric current, 
though well known to be practicable, has never yet been applied to military or in- 
dustrial operations, and no satisfactory experiments appear to have been made, before 
those undertaken at Woolwich, showing its practical applicability to these purposes. 

In the first experiments on this application of the magneto-electric current, a very 
large powerful magneto-electric machine was employed, which had been constructed 
by Mr. Henley (and had been exhibited by him at the Paris Exhibition in 1855). 
The principle of this instrument was precisely the same as that of the machine 
devised by Mr. Wheatstone, for ringing magneto-electric bells. Its armature, instead 
of being rotated, was suddenly detached from the magnet by means of a lever. It 
was soon established by a few experiments that, even with this instrument, gun- 
powder itself could not be ignited with any degree of certainty. Results obtained 
with Statham's and other fuses, though superior to those furnished by gunpowder 
alone, were still far from satisfactory. The first efforts were therefore directed to the 
discovery of a suitable agent to serve as a perfectly certain medium (or priming 
material) for effecting the ignition of charges by means of the magneto-electric 
machine. For this purpose, a variety of compounds and mixtures of a more or less 
sensitive character, were prepared for trial with the magnet. 

Many of these compositions furnished results to a certain extent favourable, a 
number of fbses, primed with them, having been fired in succession with the magnet, 
and from two to four charges in one circuit having been ignited, in a very few in- 
stance But no perfect certainty of discharge was attained with any one of the 
materials used ; the attempt to fire a fuze being frequently unsuccessful, while no 
difference between it and a successful fuze, containing the same composition, could 
be detected by carefbl examination. 

Some successful results, obtained accidentally with one of the experimental com- 
positions, which had become damp by exposure to air, led to a trial of the effect of 
moisture in promoting the ignition of but slightly sensitive compositions, and it was 
ultimately found that the impregnation of ordinary gunpowder with a small amount of 
moisture (by an expedient similar in principle to one adopted with considerable success 
by Captain Scott, R.E., in connection with charges to be fired by the induction coil- 
machine), rendered its ignition by neans of the magnet a matter of certainty. 

Some important precautions were, however, indispensable to the attainment of this 
definite result. If the Blightly damp powder was employed in a finely divided con- 
dition, it very frequently became caked between the wire-terminals in the fuze, and 
the current would then pass through the composition without* igniting it This was 
found to take place occasionally, even when the pc wder was employed in its original 
granular condition. Several attempts were made to overcome this difficulty by 
modifying the form and position of the terminals or 'poles in the fuze, and I at last 
contrived a perfectly successful arrangement in which only the sectional surfaces of 
the terminals, consisting of fine copper wire (0*022 inch diameter) were exposed in 
the interior of the thze (see a, fig . 694), so as not to project at alL The prepared 
gunpowder, therefore, simply rested upon the surfaces, and a perfect uniformity in 
the action of the fuze was attained. The priming composition donsisted of fine- 
grain gfinpowder, which had been soaked in an alcoholic solution of chloride of 
calcium, of a strength sufficient to impregnate the grains with from one to two per 
cent of that salt The prepared powder was exposed to the air for a short time to 
pennit of a sufficient absorption of moisture by the deliquescent salt Upwards of 
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500 quill-fuses (of th« description employed for firing guns), primed with the pre- 
pared gunpowder, and fitted with tne arrangement of the terminals above referred to 
(Jig. 694), were fired with the larger lever-magnet. The failures 69 4 

aid not amount to more than S per cent, and were all proved to 

be due to defective manufacture. In the experiments with these iLoTT] 

fuses, one or two simple rheotomic arrangements were success- |S 3Fi 

fully employed for effecting the rapidly successive discharge of a ** P' 

series of fines. m § 

The above fuse was found to be easy of manufacture and I 1 

permanently effective. While, however, it presented a certain H 1 

means of effecting the ignition by the aid of a powerful magnet, I I 

of single charges, or of a large numlter, to be fired in moderately I I 

rapid succession, it was inapplicable to the ignition with certainty ■ I 

of more than one charge in circuit After a great number of ex- I I 

periments, I at length succeeded in the production of a priming ■ I . 

material for the fuse, which greatly exceeded in sensitiveness \j 

any of the other compositions hitherto tried. 

The new priming composition consisted of a very intimate mixture of sub- 
phosphide of copper, chlorate of potassa, and levigated coke, the latter substance 
being employed to add to the conducting power of the mixture, which was found 
otherwise insufficient. 


In the course of experiments subsequently carried on with fhzcs which contained 
this composition, it was found that a slight residue, consisting principally of the 
coke employed, occasionally remained on the surfaces of the terminals in the fuze, 
after its discharge, and by forming a good conducting link between them, interfered 
with any future effects of the magnetic current in other directions, by the establishment 
of a complete circuit. This obstacle to the perfect success of the composition was 
entirely removed by the substitution, for the coke, of another material, more easily 
acted on by the chlorate of potassa, and answering equally well as a conducting 
medium ; namely, the sub-sulphide of copper. No instance has occurred in the dis- 
charge of several thousand fuzes, primed with the mixture of sub-phosphide and sub- 
sulphide of copper with chlorate of potassa, in which the terminals have not been 
found quite free from adherent residue, after the ignition. 

The sub-phosphide of copper, which is produced at an elevated temperature, is a 
compound of very stable character, and the mixture of the three constituents is quite 
as unalterable as the explosive mixtures which are in general use for the preparation 
of percussion caps, &c. The stability of the mixture has already been submitted to 
very satisfactory tests. Fuzes primed with it have been found to have lost none of 
their delicacy and certainty, when tried more than two years after preparation. 

The sub-phosphide of copper, intimately blended with chlorate of potassa, forms a 
mixture in a high degree sensitive to the effect of heat, and possessed, at the same 
time, of some power of conducting electricity. With the employment, however, of 
magneto-electric machines of comparatively low power, and in cases where the re- 
sistance to be overcome by the current is considerable, this conducting property is 
not sufficient to insure the ignition of the mixture by assisting the passage of the 
•current across the interruption in the metallic circuit (ie. across the small distance 
between the terminals of the wire in the fuze). It must be borne in mind that 
the striking distance, or the space between the terminals across which the current 
from even a powerful magneto -electric machine will leap, is very small. With the 
large lever-magnet, the spark could only be produced when the wires were almost in 
contact Since, however, it is indispensable to the proper insulation of the wires in 
the fuze-arrangement, that the terminals should be at least one-sixteenth of an inch 
apart it will be readily understood how essential to success, in operations with these 
machines, it is that the priming material should possess considerable conducting 
power. Hence the necessity of increasing the conducting power of the mixture of 
Ab-phgspbide of copper and chlorate of potassa ; a result which, it has been already 
stated, was obtained in the ty*st instance by the employment of finely levigated coke, 
and afterwards by the substitution of sub-snlphide of copper for tliat substancc. 
Many experiments were of course required to determine the proportions in which it 
was advisable to employ the conducting constituent, so as to facilitate the passage 
of the current through the mass as far as possible, without interfering too much with 
the sqpsitive^ss of the explosive mixture, or producing an almost perfectly continuous 
connection between the two poles in the fiize, and thus promoting the pqpsage of the 
current so greatly as to prevent the ignition of the composition. 

The fuzes contrived by me for use with magneto-electric apparatus ^ are of two 
kinds, the one being adapted for mining purposes and the other for firing cannon. 
The fuze for mining purposes, fig. 694 a, consists of : — 
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а. A head for receiving the wires which connect the fuze with the magnet and the 

earthy. 694 b. * 

б. Of the insulated wires, with the terminals of which the priming material is in 
close contact 

c. Of a small cartridge or charge of powder, enclosing the terminals, upon which 
Cue sensitive composition rests. 

The wooden ^fuse-head contains three perforations (aa,bb 9 c c. fig. 694 b ) ; the one, 
passing downwards through the centre, receives about two inches 
694 a of double insulated wire, d. The other two perforations, which 

are parallel to each other on each side of the central one, and at 
right angles to it, serve for the reception of the circuit-wires. 
The arrangement for securing the connection of these with the 
insulated wires in the fuses is as follows : — 

The piece of double covered wire above referred to, is origin- 
ally of a sufficient length to allow of the gutta percha being 
removed from about 14 inches of the wires. These bare ends 
of the fine wires, which are made to protrude from the top of 
the faze-head a, fig. 694 b, are then pressed into slight grooves 
in the 4ood provided for their protection, and the extremity of 
each is passed into one of the horizontal perforations in the 
head, in which position it is afterwards fixed by the introduction 
into the hole of a tightly -fitting piece of copper tube, so that 
the wire is firmly wedged between the wood and the exterior 
of this tube, and is thus at the same time brought into close 
contact with a comparatively large Burface of metaL It will be 
seen that it is only necessary to fix one of the circuit- wires into each of these 
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tubes in the opposite sides of the fuze-head, in order to 
ensure a sufficient and perfectly distinct connection of each 
one of them with one of the insulated wires in the fuze. 

The phosphide of copper frize for firing cannon, fig. 694 c, 
differs somewhat in construction from the mining fuze. The 
head is somewhat longer, and of such a form that the double- 
covered wires are completely enclosed in it, the lower ex- 
tremity of its central perforation still remaining free to re- 
ceive the top of the qnill or copper- tube, which is charged 
with gunpowder in the same manner as the ordinary tube 
arrangement for firing cannon. 

The plan originally suggested by M. Savare, of arranging 
the charges in divided circuits w'as next tried, and furnished 
fur more successful results. The simultaneous ignition of twenty-five charges, was 
694 c repeatedly effected ; and forty charges were similarly exploded on several 

T occasions. These results were all obtained with the large magnet constructed 
by Henley, the current being established by rapidly separating the arma- 
ture from the poles by means of a lever. By a simple arrangement foy 
shifting the connection of the main wire with the exploded charges from 
them to a second scries, similarly arranged, twenty-five were almost simul- 
taneously ignited on allowing the armature to return to the poles of the 
magnet. 

The system of firing charges by means of magneto-electricity, with the 
aid of the phosphide of copper fuze, having been thus far successfully 
developed, a series of experiments was instituted at Chatham, for the 
purpose of thoroughly testing its certaiftty and applicability in the field, 
and subsequently for ascertaining the extent to which it admitted of appli- 
cation to the explosidh of submarine charges. These experiments extended 
over a period of six months, and were performed under various conditions 
of weather. It will readily be understood that the best and most simple 
method of connecting the flues, enclosed in the charges, with the branch-^res and 
the earth, of arranging the experimental charges for explosion, and of canying out 
the various small but essential details involved in the operations, were only gradually 
arrived at; and that, consequently, in many of the first experiments, which were 
only partially successthl, the failures were traced to causes unconnected *with the 
efficiency of the magneto-electric apparatus, or the fuze. It would be superfluous to 
enter into Retails with regard to those preliminary experiments, howdver important 
they were at the period of the investigation ; the description of the operations at 
Chatham will therefore be confined to those which were carried on according to 
the plan which was ultimately proved to be most efficient The magneto-electric 
apparatus employed in all the field experiments was Mr. Wheatstone's arrangement 
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of six small magnets, M whole appvatns having been enclosed in a box, so that the 
only exposed portions were the binding screws for the attachment of the wires, a 
handle for setting the armatures in motion, and a key, by the depression of which, 
at a given signal, the circuit could be completed. 

To employ the instrument at any moment, only the following operations were 
necessary ; the insulated wire and the copper wire passing to the earth were fixed to * 
the apparatus by means of binding screws : the instrument was nused from the 
ground by being placed on its packing case ; at that height, a mair could operate 
with it when in a kneeling posture. At the signal “ Ready ” the handle was turned 
with one hand, so as to cause the armatures to revolve with the greatest possible 
velocity, whilst the other hand was pressed against one corner of the instrument 
close to the key, so as to steady the box and to be ready, at the signal “ fire/ 9 to 
depress the key with the thumb. 

The connection of the instrument with the earth was effected as follows : a mode- 
rately clean spade was selected from among those used by the men in digging holes 
for the charges. One end of a piece of stout copper wire was placet under the edge 
of the spade, so that, when the latter was firmly forced into the ground, the wire was 
pressed by the earth on both sides against the iron surface. The protruding wire 
was wound once or twice round the bottom of the spadts handle, and then attached 
to the binding screw of the magnet 

The gutta-percha covered wire used in the experiments having been in occasional 
service at Chatham for Borne years, the coating had sustained some injury in two or 
three places. Such defects were protected from possible contact with the earth by 
means of waterproof cloth or sheet India-rubber. The total length of wire used 
was 881 yards, of which 600 were extended, lying along the ground. 

To the extremity of the covered wire a number (from 12 to 25) of pieces of similar 
insulated wire, varying in length between three and six yards, and serving to connect 
it with the individual charges, were attached in the following manner : about s : x 
inches of the extremity of the main wire and of each of the branch wires were laid 
bare and cleansed ; the end of the former was then surrounded with those of the 
latter (placed in an opposite direction) and the whole tightly twisted together by 
means of pliers, so as to be bronght thoroughly in contact with each other and with 
the main wire. The twisted wires were then bound round with moderately fine 
copper wire, wbicb was made to bring every portion of the exterior of the bundle ir *o 
connection. The joint was made rigid with pieces of stick tied against it, and the 
whole securely enveloped in a piece of waterproof cloth or canvass, to protect it from 
damp and contact with the earth. 

These connections, though of a very rongh description and most readily prepared 
by any soldier, were thoroughly effectual. No instance occurred, in the whole of 
the experiments, of the failure of a charge, which could be attributed to an imperfect 
connection of its branch wire with the main wire. 

The following was the method adopted for connecting the fuses with their respec- 
tive branch wires and with the earth. 

* The fuses, as they were manufactured, were always fitted with two pieces of 
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covered wire twisted together Jig. 694 d, which were tightly fixed into their proper 
positions by forcing a short pin of copper wire into the loles of the fuse-head. They 
were thus ready for insertion into the bag or other receptacle containing the charge 
of gunpowder, the ends of the covered wires protruaing from the opening of the 
latter to a convenient distance for effecting the junction with the branch and earth- 
wires. rfThe extremities of one of the fuse-wires and of a branch wire (from both of 
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which* the gutta-percha was removed to a distance of about two inches) were con- 
nected by hooking them firmly one in the other with pliers (in the manngr shown in 
fig. 694 e.) A piece of fine copper binding wire was then twisted over the whole of 
tiie connection, and the joint was finally enclosed in a small wrapping of oiled canvas, 
In a manner similar to that adopted at the principal junction with the ma in wire. 
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The extremity of the other fuze-wire was attached to in uncovered copper wire, 
of sufficient length to bring the whole of the charges into connection with pack 
other in this manner. The wins was fixed in a convenient position by being twisted 
round short stakes or pickets driven into the ground, and its extremities were buried 
in the earth, being attached either to spades, as already described, or to sine plates 
about eight inches square. 

The experiments instituted at Chatham with the object of applying the magneto- 
electric current to the ignition of Hubmarine charges were attended with greater 
difficulties than those which served to test the system in its application to land-opera- 
tions ; nevertheless, the results ultimately attained were also of a character to lead 
to definite and favourable conclusions. 

The method of establishing the connections of a charge with the wire and the 
earth differed naturally in some respects from the mode of proceeding already de- 
scribed. The charges of powder were contained in canisters of block tin carefully 
soldered so as to be watertight* The fine, with two wires attached as before, the 
one a few inches longer than the other, was inserted into the charge, and fixed in its 
proper position in the canister by means of a loose fitting bung, see jig. 694/, pushed 
a little distance into the neck, and cut out on one side, 
so os to admit of the passage of the longer insulated 
wire, while the hare part of the shorter wire was firmly 
pressed hy the cork against the inside of the neck. 
The latter was then completely filled np with melted 
gutta percha, and the extremity of the short uncovered 
wire was bent back over its side, so as to be in close 
contact with the metal surface. In this manner, the 
enclosed fuze was brought into good metallic connection 
with the wet earth, or water, by which the canister was 
surrounded. 

The insulated wire, projecting from the month of the 
canister, was connected with one of the branch wires iu 
the manner already described ; but in order thoroughly 
to protect the connection from the water, in which it 
would become immersed, a piece of vulcanised India- 
rubber tubing, of suitable length, and a tin-tube, rather 
longer and wider than the latter, were slipped on to 
the branch-wire before it was joined to the fuse-wire, 
anti, when the junction liad been effected, the India- 
rubber tube was pulled over it, and tied very firmly at 
both ends on to the gutta-percha covering of the wires, 
Jig. 694 g. A small quantity of a cement (consisting of 
bees- wax and turpentine) was rubbed in between the 
latter and the ends of the India-rubber tube, so as 
thoroughly to ensure the exclusion of water, and finajly 
the tin-tube was pulled over the joint, and fixed (by 
compressing the ends) for the purpose of imparting 
rigidity to the junction, and thus protecting it from in- 
jury by any sudden twist or strain. Ny these arrange- 
ments, when carried out with moderate care, the perfect exclusion of water from the 
charge and from its connection with the hranch wire was effected. 

The first trials of lltcBe charges wore made in a shallow canal with a mud bottom, 
and from which at the time cl experiment the vater was receding so rapidly, that 
before the whole of the charges had been immersed, several of them were exposed to 
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view, being partly imbedded in the mnd. Twenty-five charges were arranged, of 
which thirteen were exploded, though less rapidly than in the experiments on land. 
On the next occasion, when twenty-five charges were entirely surrounded ky water 
(simply resting upon the firm bed of a pond of some depth), only four of the charges 
were exploded. Several other attempts were made to fire a smaller number of (ten 
and five) charges similarly immersed, but in every instance only four were ignited. 


« f tblimatrrlal, such u turpentine cent, ma; y he employed, provided they be perfectly 
coated inside with marine glue, or aome other description of varnish. 
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A careftil examination into the canse of the invariable explosion of so comparatively 
limited a number of charges under water, led to the following explanation : 

It will be remembered that the explosion of numerous charges in a divided circuit 
l>y the magneto-electric apparatus with revolving armatures is effected by the action 
of an exceedingly rapid succession of currents. The rapidity with which they 
follow each other, however great, cannot equal that with which the terminals of a 
fuze, enclosed, in a small charge, under water, come into contact with the latter 
nfter the explosion. The instant this occurs, a complete circuit is established through 
the water, and any funher action of the current is at once arrested, fey the time, 
therefore, that four charges hod been ignited in extremely rapid succession, so as to 
be apparently exploded at once, a sufficient interval of time had in reality elapsed to 
allow the water to re-occupy the space filled for a brief period by the gaseous pro- 
ducts of the first explosion, and thus to rush in upon, and complete the circuit with, 
the terminals of the fuze. It appears probable that, with the employment of larger 
charges of powder (about eight ounces was the quantity exploded in each charge) 
when the volume of water displaced by the explosion would be more considerable, a 
great number of charges would be exploded before the circuit could bh completed by 
the water. 

ELECTRIC LIGHT. Various attempts have been made, from time to time, to 
employ electricity os an illuminating power; but hitherto without the desired success. . 
The voltaic battery has been employed os the source of electricity, and in nearly all 
the arrangements, the beautiful arc of light produced between the poles, from the 
points of the hardest charcoal, has been the illuminating source. One of the great 
difficulties in applying this agent arises from the circumstance that there is a trans- 
ference of the charcoal from one pole to the other, and consequently an alteration in 
the distance between them. This gives rise to considerable variations in the intensity 
and colour of the light, and great want of steadiness. Various arrangements, many 
of them exceedingly ingenious have toen devised to overcome these difficulties. 

The most Bimple of the apparatus which has been devised is tlui of Mr. Staitc, 
which has been modified by M. Archcrcau. Two metal columns or stems, to w'hich 
any desired form can be given, are connected together by three cross pieces, so as to 
form one solid frame ; one of these cross pLces is metallic, it is the one which occupies 
the upper part of the apparatus ; the others must be of wood. These latter serve os 
supports and points of attachment to a long bobbin placed parallel to the two columns 
and between them, and which must be made of tolerably thick wire, in order that the 
current, in traversing it without inciting it, may act upon a soft iron rod placed in the 
interior of the bobbin. This iron rod is soldered to a brass stem of the same calibre, 
and of the same length, carrying at its free extremity a small pulley. On the opposite 
side the iron carries a small brass tube, with binding screws, into which is introduced 
one of the cartons, when the entire rod has been placed in the interior of tlie bobbin. 
Then a cord fixed to the lower cross piece, and rolling over *i pulley of large diameter, 
is able to serve as a support to the movable iron rod, running in the groove of the 
little pulley. For this purpose, it only requires that a connteqioise placed at the end 
of the cord shall be enabled to be in eqnilibrio with it. Tlie metal cross piece which 
occupies the upper part of the apparatus, carries a small brass tube, which descends 
perpendicularly in front of the carbon that is carried by the electro-magnetic stem, 
undfinto which is also introduced a carton crayon. By means of a very simple ad- 
justment, this tube may besides be easily regulated, both for its height and for its 
direction ; and consequently the two carbons may be placed very exactly above one 
another. The apparatus being adjusted, we place one of the two metal columns of 
the apparatus in connection with one of the poles of the pile, and cause the other 
pole to abut upon the copper wire of the bobbin (one end of which is soldered upon 
its socket). The current then passetfTrom the bobbin to the lower carbon by the rod 
itself that supports it, and passing over the interval separating the two carbons, it 
arrives at the other pole ol‘ the pile by the upper cross pitf£e of the apparatus and the 
metal column, to which one of the conducting wires is attached. 

So -ong as the current is passing and producing light, tlie bobbin reacts upon the 
iron of theelectro-magnet rod, which carries the lower carbon and attracts it on 
account of the magnetic reactioi? that solenoids exercise over a movable iron in their 
interior. It is this which givcB to the cartons a separation sufficient for the luminous eff vet. 

Bat immediately the current ceases to pass, or is weakened, in consequence of the 
consumption* of the cartons, this attraction ccoscs, and the movable carton, acted on 
by the counterpoise, is found to be drawn on and raised until the current passes 
again ; equilibrium is again established between the two forces, and the carbons inay 
Ve employed again. Thus, in proportion as the light tends to decrease, the coun- 
terpoise reacts; and this it is that always maintains the intensity of the light equal. 

M. Breton has an apparatus which differs somewhat from the above, and M 
Foucault lias also devised a very ingenious modification. 
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M. Duboecq has made by fkr the most successful arrangement, for a description of 
which we axe indebted to De la Rive’t Treaiim on Electricity , ^anslatfcd by C. V. Walker. 

The two carbons, between which the light tls developed, bum in contact with the 
air, and shorten at each instant; a mechanism is consequently necessary, which 
brings them near to each other, proportionally to the progress of the combustion ; 
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and since the positive carbon suffers a more rapid combustion than the negative, it 
must travel more rapidly in face of this latter ; and this in a relation which varies 
with the thickness and the nature of the carbon. The mechanism must satisfy all 
these exigencies. The two carbons are unceasingly solicited towards eafeh other, 
the lower carbon by a spiral spring, that causes it to rise, and the upper carbon by 
its weight, which causes it to descend. The same axis is common to them. * 

The galvanic current is produced by a Bunsen's pile of from 40 to 60 elements i 
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tt arrives at the two carbons, as in apparatus already known, passing through a hollc w 
electro-magnet/conceaJed in the column of the instrument. When the two carbons 
are in contact, the circuit is closcd,^the electro-magnet attracts a soft iron, placed at 
the extremity of a lever, which is in gear with an endless screw. An antagonist 
spring tends always to unwind, the screw as soon as a separation is produced between 
the two carbons ; if it is a little considerable, the current no longer passes, the action 
of the spring becomes predominant, the screw is unwound and the carbons approach 
each other until the current, again commencing to pass between the two carbons, the 
motion that drew them towards each other is relaxed in proportion ft> the return of 
the predominance of the electricity over the spring ; the combustion of the carbons 
again increases their distance, and with it the superior action of the spring ; hence 
follows again the predominance of the spring, and so on. These are alternatives of 
action and reaction, in which at one time the spring, at another time the electricity, 
has the predominance. On an axis, common to the two carbons, are two pulleys: 
one, the diameter of which may be varied at pleasure, communicates by a cord with 
the rod that carries the lower carbon, which corresponds with the positive pole of the 
pile ; the other, of invariable diameter, is in connection with the hpper or negative 
carbon. The diameter of the pulley, capable of varying proportionately to the using 
of the carbon, with which it is in communication, may be increased from three to 
five. The object of this arrangement is to preserve the luminous point at a con- 
venient level, whatever may be the thickness or the nature of the carbons. It is only 
necessary to know that at each change of kind or volume of the carbon, the diameter 
of the pulley must be made to vary. This variation results from that of a movable 
drum, communicating with six levers, articulated near the centre of the sphere ; the 
movable extremity of the six arms of the lever carries a small pin, which slides in 
cylindrical slits. These slits arc oblique in respect of the sphere ; they form inclined 
planes. A spiral spring always rests upon the extremity of the levers ; so that, if 
the inclined planes are turned towards the right, the six levers bend towards the 
centre, and diminish the diameter. If, on the contrary, they arc turned towards the 
left, the diameter increases, and with it the velocity of the translation of the carbon, 
which communicates with the pulley. We may notice, in passing, that this apparatus 
is marvellously adapted to the production of all the experiments of optics, even the 
most delicate ; and that, in this respect, it advantageously supplies the place of solar 
light As it is quite impossible to describe accurately the minute arrangements of 
this instrument, the letters of reference have not been used in the text 

Dr. Richardson informs us, that although Mr. Grove calculated, some years ago, 
that for acid, zinc, wear and tear, &c. of batteries, a light equal to 1444 wax candles could 
be obtained for about 3*. 6/1. per hour, the cost of the light employed for about five 
minutes at Her Majesty's Theatre, as an incident in the ballet, which was obtained by 
employing 75 cells of Callan’s battery of the largest size, was said to be 2/. per night, 
or at the rate of 204 per hour. In this calculation we expect we have not a fair re- 
presentation of all the conditions. To obtain a light for ten minutes, a battery as 
large must be used as if it were required to be maintained in activity for hours— and 
probably the battery was charged anew every evening. There can be no doiibt but 
tbe cost of light or of any other force from electricity, with our present means of pro- 
ducing it, must he greatly in excess of any of our ordinary means of producing illu- 
mination. For a consideration of this subject, see Electro- motive Engines. Mr. 
Gtove proposed a light which should he obtained from incandescent platinum, hut the 
objection to this was, that after a short period, the platinum broke up into small par- 
ticles, the electric current entirely disintegrating the metal. Mr. Way has lately 
exhibited a very continuous electric light, produced from a constant flow of mercury 
rendered incandescent by the passage of the electric current. 

Wilde’s Magneto-Electric MacSne . — The principle of this apparatus, which 
has been recently invented by Mr. Wilde of Mancnester, for the purpose of 
obtaining the electric light more promptly and of higher density than has hitherto 
been done, consists in directing a current of electricity from an electro-magnetic 
machine armed with permanent magnets, so as to excite a still more powerful 
electro-magnet This electro-magnet is again used by Mr. Wilde as the basis of a 
still larger electro-magnetic m&chine, in which induction currents are generated by 
its agency. The electric current is obtained by the well known means of causing 
the rotation of an armature close to the poles of a permanent magnet, this electric 
current berng made to pass round an electro-magnet which causes it to produce a 
far greater amount of magnetism than was possessed by the first magnet If, again, 
tbe amchnt of Uiagnetism thus obtained, is passed round a still larger electro-magnet, 
we should produce a vastly greater development of electric force ; therefore, by the 
* application of sufficient power to rotate the several armatures, there seems to be no 
limit to this multiplication of force, excepting the excessive heat developed by the 
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rotation of the armatures and the intensity of the light produced. The construction of 
this machine will be more readily understood by the annexed £iagrau, representing 
an end view. At a arc sixteen permanent hors« Aoe magnets, which ar» bolted on 
to a hollow magnetic cylinder, be b f which is composed of brass and iron, and so 
, arranged that the iron portions of it, b 6, are screwed on to the respective poles of the 
magnets at d, separated from each other by the brass pieces c, and forming one 
dn tire north pole and one entire south pole to the sixteen magnets. The armature 
n, which is made to revolve in close proximity to the interior of this cylinder, in 
suitable bearings at the extremities, consists or a cylinder of cast iron on which is 
wound in direction of its length about fifty feet of insulated copper wire one-eighth 
of an inch in diameter, and is bound round with brass rings, in order that the 
centrifbgal force caused by the rapid rotation may prevent the wires from flying out 
of position ; the inner extremity of this wire is fixed in good metallic contact with 
the armature, the other end being connected with the insulated half of a commutator 
which is placed on one end of the armature. The armature is made to revolve at 
the rate of 2,500 revolutions per minute, by a driving band working on a pulley 
attached to the other end of the armature. During each revolution of this armature 
two waves of electricity, moving in opposite directions, are induced in the insulated 
copper wire surrounding the armature ; the rapid succession of the alternating waves 
thus generated at the rate of 5,000 per minnte are by means of the commutator con- 
verted into an intermittent current moving in one direction only, which is conducted 
along the wires. 

The electro-magnetic machine, by which the light is produced, is of precisely the 
same construction as the magneto-electric machine 
ubove described, except that instead of the permanent 
magnets a, an electro-magnet t is substituted; this 
electro-magnet is formed of two rectangular plates of 
rolled iron, 36 in. in length, 26 in. in width, and 1 in. 
in thickness ; they are bolted parallel to each other, to 
the magnetic cylinder j , which is similar in construction 
bat of laigcr dimensions to that described above. These 
plates are connected together at their upper extremities 
by a cross-piece formed of two thicknesses of the same 
iron ; around the sides of this electro-magnet is coiled 
an insulated conductor 3,300 feet long, consisting of 
a bundle of seven No. 10 copper wires, laid parallel to 
each other and hound with a double covering of linen 
tape; the extremities of this conductor arc connected 
with the studs k k , thereby connecting them with the 
wireB h h . The currents of electricity which produce 
the light are taken from steel collars by means of springs 
y g, thence to the studs at l /, from which it can be 
conveyed by conductors to any required place. The 
]>owcr required to work such a machine as this is derived 
from a seven-horse engine, at a cost for coal of one 
halfpenny per hour. In addition to this must he added 
the expenae of the carbon rods for the lamps, which will 
lie about ten inches per hour, worth perhaps a penny. 

The total cost of workiug, including interest on the cost 
of purchase of machines, expense of maintenance and repairs, would he perhaps about 
Ad. or 8 d. per hour. The light produced is estimated to have an intensity equal to 
6,000 wax candles. A more dctailedacconnt of this machine will be found in the 
“ Quarterly Journal of Science,” No. XII. Oct 18*6. 

ELECTRIC WEAVING. M. Bonelli devised a very beautiful arrangement, by 
which all the work of the JaApiardloom is executed by an electro-magnetic arrange- 
ment. The details of the apparatus would occupy much space in the most concise 
description, and as the invention lias not passed into use, although M. Froment Jius 
modified and improved the machine, wc must refer those interested in the Aibject to 
the full description given in De la Rive's Treatise on Biecbictty by Walker, 

ELECTRO-GILDING BATH. See Oxhides. 

ELECTRO-METALLURGY. The art of working in metals was carried on 
exclusively by the aid cf fire until the year 1839. At that epoch a new light dawned 
upon the sulgect ; considerable interest was excited in the scientific world, and much 
astonishment among the general public by the announcement that efcctricit/, under 
proper management, and by most easy processes, could supersede the furnace in not 
a few operations upon metals ; and that many operations with metals, which could ' 
scarcely be entertained under the old condition of things, might he placed in the 
hands of a child, when electricity is employed as the agent. 
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Public attention was first directed to the important discovery by a notice that 
appeared in the Athemsum of Muy.^t, 183a, that Professor Jacobi of St. Petersburg 
had M found a method of converting any line, however fine, engraved on copper, into 
a relief by galvanic process.” Jacobi’s own account of the matter was that, while at 
Dorpat, in February, 1837, prosecuting his galvanic investigations, a striking phe- 
nomenon presented itself, -which furnished him with perfectly novel views. Official 1 
duties prevented his completing the investigation, thus opened out to him, during the 
same year ; and it was not until October 5, 1838, that he communfc-ated his dis- 
covery, accompanied with specimens, to the Academy of Sciences at St. Petersburg ; 
an abstract of which paper was published in the German News of the same place ou 
October 30 of the same year. And in a letter of Mr. Lettsom, dated February 5, 
1839, the nature of the discovery is thus given in the following March number of the 
Annals of Electricity. Speaking of a recent discovery of Professor Jacobi's he says, 
“ Ue observed that the copper deposited by galvanic action ou his plates of copper, 
could by certain precautions be removed Irani those plates in perfect sheets, which 
presented in relief most accurately every accidental indentation on tfie original plate. 
Following up this remark, he employed on engraved copper-plate for his battery, 
caused the deposit to be formed on it, and removed it by some means or other ; he found 
that the engraving was printed thereon in relief (like a woodcut) and sharp enough 
to print from." This paragraph does not appear to have caught the eye of the 
public so readily as the briefer note that appeured a couple of months later in the 
Aihenccum. 

On May 8, or four days after the appearance of the notice in the Athenmun , Mr. 
Thomas Spencer gave notice to the Polytechnic Society of Liverpool that he had a 
communication to make to the society relative to the application of electricity to the 
arts. He subsequently desired to communicate the result of his discoveries to the 
British Association whose meeting was at hand ; hut, for some cause, which does not 
appear, the communication -was not made ; and it eventually was made public, as at 
first proposed, through the Polytechnic Society of Liverpool, on September IS, 1839. 
In the meantime, namely on May 22, Mr. C; J. Jordan, referring to the notice in the 
Athenecum, wrote to the Mechanics' Magazine that, at the commencement of the 
summer of 1838, he had mude 44 some experiments with the view of obtaining im- 
pressions from engraved copper-plates by the aid of galvanism.” His letter de- 
scribing this process appears in the number for June 8. It occurred to him, from 
what he had gathered from previous experience, that an impression might he ob- 
tained from an engraved surface ; and so it was, “ for on detaching the precipitated 
metal, the most delicate and superficial markings, from the fine particles of powder 
used in polishing to the deeper touches of a needle or graver, exhibited their cor- 
respondent impressions in relief with great fidelity.” 

Mr. Spencer in his communication, besides noticing the fidelity with which the 
traces on an original plate were copied, recorded the case of a copper-plate that had 
become covered with precipitated copper, excepting in two or three places, where by 
accident some drops of varnish hod fallen; whence it occurred to him. and experiment 
confirmed his conjecture, that a plate of copper might he varnished, and a design made 
throt^h the varnish with a point, and copper might be deposited upon the metal at 
the exposed part, and thus a raised design he procured. 

In (he Philosophical Magazine for December! 1836, Mr. De la Rue, after describing 
a form of voltaic buttery, refers to the well-known condition on which the properties 
of the battery in question mainly depend, that “ the copper-plate is also covered with 
a coating of metallic copper, which is continually being deposited;” and he goes on 
to describe that “so perfect is the sheet of copper sth us formed, that being stripped 
out, it lias the counterpart of every sratcli of the plate on which it is deposited.” 
Daniell himself, whose battery is here in question, noticed as he could not fail to 
-do in common with all who had employed his battery to an£ extent, the same pecu- 
liarities ; but it does not appear that either he or l)e la line, or any one else, to whom 
the phenomenon presented itself before Jacobi, Jordan, or Spencer, caught the idea of 
its applicability in the arts. It would also appear that the impression cume with the 
greater vividness to the two latter,* for, while hut little time seems to have been lost 
to them in realising their idea, twenty long months elapsed between the time when 
the 44 perfectly novel views ” first presented themselves to Professor Jacobi, and the 
time when hi% “well-developed galvanic production” was communicated to the 
Imperial Academy of Science But, on the other baud, neither Mr. Jordan nor Mr. 
Speneer appvir, as fcr os we are aware, to have been so sensible of the importance 
of the results to which they had arrived as to have taken any steps to secure them 
as tfn invention or to publish them, until their attention was aroused by the previous 
publication of the successes of Jucobi. ... „ „ . 

Jacobi’s 44 Gal vauo-nlastik,” Snicc’s and also Shaw’s 44 Electro -metallurgy, W alk*r ■ 
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“ Electrotype Manipulation," four well-known works on the subject, before os, present 
the different names under which the art is known ; and from whicti it is gathered 
that metals may become, as it were, plastic under the agency of galvanie electricity, 
and may be worked and moulded into form. Voltaic pairs are described in general 
terms in the article on Electro-Tei.koiia put. The particular -voltaic pair which led to 
*ihii discoveries now before ns, here requires special notice; because, on the one bund, 
while in use for other purposes, it was the instrument which first directed attention 
forcibly to the'hchavioiir of metals under certain conditions of electric current ; and, 
on the other hand, it has been itself extensively used in electrotype operations. 
Professor Daniel 1 drat described his mode of arranging a -voltaic pair in the Philo- 
sophical Transactions for 183G Fiy. 695 shows one cell complete of Danicll’s com- 
bination, which from its behaviour is called a constant buttery, a is a copper vessel ; 

i< a rod of zinc, contained in a tube c of porous earthenware. 

695 The liquid within the tube c is salt and water, in which case tlic 
zinc is in its natural state ; or, sulphuric acid and water, in 
which case the zinc is amalgamated ; the latter arrangement being 
the more active of the two. 'Flic liquid in the outer vessel a, con- 
sists of crystals of sulphate of copper, dissolved in water. At c 
is a perforated shelf of copper below the surface of the liquid, 
upon which are placed spare crystals of sulphate of copper, which 
dissolve as required, and serve to keep up the strength of the 
solution in proportion as the copper already there is extracted hy 
the voltaic action hereafter to !>e described, a ar.d h are screws, 
to which wires may be attached, in order to connect up the cell 
and convey the current from it into any desired apparatus. Certain 
chemical changes take place when this instrument is in action ; 
oxygen from the water within the porous tube combines with 
zinc, making oxide of zinc, which enters into combination with 
sulphuric acid; producing as a final result sulphate of zinc ; hydro- 
gen is liberated from water in the outer cell, and itself liberates 
oxygen from oxide i f copper, and combines with it producing 
wutcr, and leaving copier free. As far as the metals are con- 
cerned, zinc is consumed Jhnn the rod n, at the one end, and copper is liberated 
upon the plate a, at the other end. These actions are slow and continuous ; and 
the copper, as it is liberated utom by atom, appears upon the inner surface of the 
cell ; and after a sufficient quantity has been accumulated, may be peeled oil* or 
removed ; when it will be found to present the marks and features of the surface 
from which it has been taken, and which, as we have already said, arrested the 
696 attention of many into whose hands this instrument fell. A slight 
modification of the above arrangement gives ns a regular electro- 
type apparatus. The cell c in this arrangement {fiy. 696), is of glass 
or porcelain, or gutta percha, filled as before with a saturated solution 
of sulphate of copper, to which a little free acid is generally 
added ; it is provided with a shelf or other means of suspending 
crystals of sulphate of copper. A zinc rod z is placed in a porous 
tube />, as already described ; and iw, the other metal of the voltaic 
pair, is suspended in the copper solution and connected with the 
zinc z hy the wire w . The electric current now passes; zinc is 
consumed, as in fig. 695, hut copper is now deposited on the metal 
in front and hack, and on as much of the wire ip as may be in the 

liquid ; or, if Mr. Spencer’s precaution is taken of varnishing the 

wire and the back of the m*tal w, all the copper that is liberated 
will be accumulated on the face of m. If salt and water or very 
weak acid water is contained in the porous tube p, and the zinc z 
does not considerably exceed in size the metal iw, the conditions will be complied 
with for depositing copper in a compact reguline form. 

It is obvious that, with this arrangement, w may be a mould or other iform in 
metal, and that a copy of it may be obtained in Copper. Fusible metal, consistin'*- 

of 8 parts of bismuth, 4 of tin, 5 of lead, and 1 of antimony ; or 8 parts bismutir 

8 tin, and 5 lead, is much used for taking moulds of medals. The ingredients are 
well melted together and mixed ; a quantity sufficient for the object in view is 
poured upon a slab or board and stirred together till about to set ; the film of dross 
is thqp quickly cleared from the surface with a card, and the %old metfal is cith< r 
projected upon the bright metal, or lwing previously fitted in a block of wood is 
applied with a sudden blow. Moulds of wax or stearine variously combined or 
more recently and better in many cases, moulds of gutta pcrcha, are applicable to 
many purposes. But, as none of these latter materials conduct electricity, it is ne- 
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cessary to provide them with a comluctcoiis surface. Plumbago or black lead is 
almost universally employed for th!^ purpose ; it is rubbed over the surface of the 
mould with a piece of wool on a soft brush, care being taken to continue it as far as 
to the conducting wire, by which the mould is connected with the sine. With 
moulds of solid metal, the deposit of copper commences throughout the entire sur- 
face at once ; but, with moulds having only a film of plumbago for a conductor, 
the action commences at the wire and extends itself gradually until it has been de- 
veloped on all parts of the surface. 0 

The nature of the electro-chemical decompositions that are due to the passage of 
voltaic currents through liquids, especially through liquids in which metal is in cer- 
tain forms contained, can be best understood by studying the arrangement that is 
most commonly used in the arts, wherein the voltaic apparatus, from which the 
electric current is obtained,. is distinct and separate from the vessel in which the 
electro-metallurgical operations are being brought about. Such an arrangement is 
shown in Jig 697, where A is a Daniell's cell, as in fig. 695 ; and n a trongh filled with 

697 



an acid solution of sulphate of copper ; m is a metal rod, on which the moulds are hung ; 
aud c a metal rod, upon which plates of copper are hung facing the moulds ; the 
copper-plates are connected by the wire z with the copper of the battery cell, and 
the moulds by the wire x with tile zinc rod. The voltaic current is generated in the 
cell a, and its direction is from the zinc rod, through the solutions to the copper of 
the cell ; thence by the wire z to the plates of copper c • through the sulphate solu- 
tion to the moulds m ; and thence by the wire x to the zinc rod. In this arrangement, 
no shelf is necessary in the trough n for crystals of sulphate of copper to keep up the 
strength of the solution ; for the nature of the electro-chemical decompositions is 
such, that in proportion as copper is abstracted and deposited upon the moulds m, 
other copper is dissolved into the solution from the plates c . Water is the prime 
subject of decomposition. Tt is a compound body, consisting of the gases oxygen 
and hydrogen, and may be represented by Jig. 698, where 
the arrows show the direction in which the current, by 
the wire /#, enters the trough n of fig. 697 by the plate of 
copper c, and passes through the water in the direction 
shown, and lenves it after traversing the mould by the 
wiren. Two alums of water o h and o' n'.as bracketed 
1 and 2, are shown to exist before the electric currtnt 
passes ; and tiro atoms, one ofwatcr h o^( r hraekcted T), 
and one of oxide of copper o c, exist after the action. On , 
the one hand au atom of copper c lias come into the solution ; and, on the other hand, 
the atom of hydrogen n', belonging to the second atom of water, is set free and rises 
in the fgrm of gas. The explanation is to show that oxygen is liberated where the 
current enter*? und combines there jn its nascent state with copjicr ; it would not have 
combined, for instance, with gold or platinum. We might easily extend this sym- 
bolical figure, and show how that, when free sulphuric acid is in the solution, the 
oxide of copper on its formation combines with this acid to produce the sulphate of 
copper required ; and how, when free sulphate of copper is present, the hydrogen, 
instead of being freed in the form of gas, combines with oxygen of the oxide of cop- 
per, and lilxftates tlfb metal, which in its nascent state is deposited on the nrtmld, 
anil produces the electrotype copy of the same. One battery cell is sufficient for 
working in this way in copper ; it is increased in size in proportion to the size of the 
object operated upon. And, although for small subjects, such as medals, a vertical 
arrangement will act very well ; for large objects, it has been often found of great 
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advantage to adopt a horizontal arrangement, placing the mould beneath the copper- 
plate. The varying density of a still solation c in the vertical arrangement is not 
without its effect upon the nature of the deposit, both on its character and its relative 
thickness. This has been in some instances obviated, and the advantage of the ver- 
tical method retained by keeping the solution in motion, either by stirring or by a * 
’continuous flow of liquid. 

We have described principally Daniell's battery as the generating cell in Electro- 
metallurgical operations ; but Mr. Smee's more simple arrangement of platinized 
silver and zinc, excited with diluted sulphuric acid, lias been found in practice more 
economical and convenient. 

Fig. 699 is a Smee's cell ; a vessel of wood, glass, or earthenware, contains diluted 
sulphuric acid, one in eight or ten, a platinised silver plate s, sustained by a piece of 
<399 wood as, with a plate of zinc z z on each side, so as to turn to useful 

account both sides of the silver plntc. The zinc plates are connected 
by the binding screw b. Platmization consists in applying plati- 
num in fine powder to the metallic surface. When hydrogen is 
liberated by ordinary electric action upon a surface so prepared, it 
has no tendency to adhere or cling to it; but it at once rises, and in 
fact gett out of the way, so that it never, by its presence or linger- 
ing, interferes with the prompt and ready continuance of the electric 
action ; and in this way, the amount of supply is well kept up. 

Platinizntion is itself another illustration of working in metal by 
electricity. A few crystals of chloride of platinum are dissolved 
in diluted sulphuric acid. A voltaic current is made to enter this 
solution by a plate of platinum and to come out by a silver plate. 
Two or three Daniell’s or Smee's cells are necessary for the ope- 
ration. The chloride of plutinum is decomposed, and the metal is 
deposited upon the silver plate ; not, however, in the reguliue 
compact form, as in the case of copper, hut in a state of black powder in no way 
coherent. This affords also an illustration of the different behaviour of metals 
under analogous circumstances. Copper is of all metals the most manageable ; 
plutinum is among the more unmanageable. 

Mr. C. V. Walker has, with great advantage, substituted graphite for silver. The 
material is obtained from gas retorts, and is cut into plates a quarter of an inch thick, 
or thicker, when plates of a larger size are cut. He platinizes these plates iu the 
usual way as above described, and deposits copper on their upper parts, also by elec- 
trotype process, and solders a copier slip to the electrotype copper, iu order to make 
the necessary connection. 

With the exception of silver and gold, copper is the metal which has been most 
extensively worked by these processes. 

Seals are copied by obtaining impressions in sealing-wax, pressing a warm wire 
into the edge for a connection ; rubbing bl&cklead over the wax to make the surface 
conducteous ; fastening a slip of zinc to the other end of the wire ; wrapping the zinc 
in brown paper, and putting the whole into a tumbler containing sulphate of copper, 
a little salt-water having been poured into the brown paper cell. * 

Plaster of Paris Medallions may be saturated with wax or stearine, and then 
treated, if small, like seals ; if large, in a distinct trough, as in fig. 697. In this case 
the copy is in intaglio, and may be used as a mould for obtaining the facsimile of the 
cast. More commonly, the cast is saturated with warm water, and a mould of it 
taken in wax, stearine, or gutta pereho. This is treated with bi&cklead, and iu other 
respects the same as seals. 

Woodcuts are treated with blacklead, an* a copper reverse is deposited ujkhi 
them. This is used as ^ mould to obtain electrotype duplicates, or as a die for 
striking off duplicates. 

Stereotype Plates are obtained in copper by taking a plaster copy of the type, 
treating it plaster fiishion, depositing a thin plate of copper upon it, and giving 
strength by backing up with melted lead. 

Old Brasses may be copied by the interventftn of plaster. 

Embossed cards or paper may be copied by first saturating with wax and then 
using blacklead. 

Fruit may be copied by the intervention of moulds, or may b* covered with 
copper. Leaves, twigs, and branches may have copper deposited upon them. 
Thtf same for statuettes, busts, and statues. 

Leaves and flowers are furnished with a conducting surface by dipping them into 
a solution of phosphorus iu bisulphuret of carbon, and then into a solution of nitrate 
of silver. Silver is thus released in a metallic state upon their surface. 
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Plaster busts, &c. v hare "been ^copied in copper, by first depositing copper on 
the plaster prepared for this operation ; when thick enough, the original bust is de- 
stroyed, the copper shell is filled with snlphate of copper, as in fg. 697, and coppei 
is deposited on its inner surface till of sufficient thickness ; the outer shell is ther 
removed. 

Tithes and vessels of capacity do not appear to have been profitfbly multiplied 
by electrotype. 

Plates have been prepared for the engraver to work on by depositing coppei 
on polished copper-plates, and removing the deposits when thick enough. 

For the multiplication of engraved copper plater, the electrotype process ha* 
been very extensively adopted. A reverse of the plate is first obtained by the depo- 
sition of copper; this serves as a monld, from which many copies of the original 
plate are obtained by depositing copper upon it, and then separating the two. 
The mode practised by the Duke of Ijeiichtenherg is to print from aft engraved plats 
on very thin paper with a mixture of resin of Damara, rod oxide of iron, and essence 
of turpentine. While the impression is wet, the paper face downwards is pressed 
upon a polished plate of copper. When dry the punier is washed away, and the im- 
pression remains. An electrotype copy from this is obtained in intaglio, and is fil 
for the use of the printer. 

G alva nog raphy is a picture drawn originally in varnish on the smooth plate, 
and then treated in a similar way to the above. 

The plates on rollers used by calico printers have been multiplied like en- 
graved plates. 

Glymocraphy is a name given hy Mr. Palmer to his process. He blackens a 
fair copper-plate with sulphuret of potassium, covering it uniformly with a coating ol 
wax and other things, theu draws the design through the wax with fine tools. From 
the plate thns prepared, an electrotype is taken in the usual way, and is backed np 
and mounted as an electro-glyphic cast to print from as from a wood block. For a 
sterco-glyjthic cast to work from as a stereotype plate, a plaster copy is taken of the 
original drawing, the high lights are cut out, and then an electrotype copy is made. 

Electro-tint is done by drawing with wax or varnish any design on a fair 
copper-plate, and making an electrotype copy for the printer's use. 

Fern- leaver, &c„are copied by being laid on a sheet of soft gutta pcrcha, pressed 
into the surface by a smooth plate to which pressure is applied, and then removed in 
order to subject the gutta perclia mould to the electrotype process. This is Nature 
Printing, which sec. 

MM. Auer and Worring have copied lace, emiiroidery, flowers, leaves of trees, 
entire plants, fossils, insects, &c., in their natural relief, by laying the objects upon a 
plate of copper, after having soaked them in spirits of wine and turpentine so as to fix 
them. A plate of clean lead is laid over, and, on being pressed, an intagl : o copy is 
produced on it of the object. From this an electrotype is obtained. 

Undercut medallions, &c., are copied in elastic moulds made of treacle and 
glue in the proportions of 1 to 4. Masks and busts may also be obtained in such 
moulds. 

Electro-cloth was mode by saturating tlie fibre of canvass or felt, making it con- 
ducteous in the usual way ; it was proposed in place of tarpaulins as a water-tight 
cover. 

Hetortr and crucibles, &c., of glass or porcelain, have been successfully 
coated with electrotype copper by first varnishing eg otherwise preparing the surface 
to retain the black lead, and then treating them as usual. 

Soldering copter surfhees has been accomplished by gahanic agency. The ends 
to be united ore placed together in the solution of sulphate 6f copper, and connected 
with the battery as for ordinary deposition. Farts not included in the process, are 
protected off by varnish ; copper is then deposited, so as to unite the separate pieces 
into onft 9 

Iron may be coated wrrn coPper. But here a new feature comes into view. 
Sulphuric acid leaves the copper of the sulphate, combines with iron and deposits 
copper on its surface without the aid of the voltaic apparatus. The iron surface is im- 
perfectly cover'd with copper, no firm perfect deposit occurs. In order to obtain solid 
deposits of copper on iron, it is necessary to nse a solution that has no ordinary 
chemicaJ rosgtion upon iron. Cyanide of copper is used, which may be obtained by 
dissolving sulphate of copper in cyanide of potassium. This solution reqnircs to be 
rni&d to and retained at a temperature not greatly below 200°, in order to give good 
results. 

Electro-zincing is applied to snrfuccs of iron, in order to protect them from 
corrosion* A. solution is made of sulphate of sine, which is placed m, a trough b, 
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Jig. 697- Two or three battery cells are required. The iron to be zinced u connected 
with the sine end of the battery, and a plate of zinc with the copper end.. 

Voltaic brass does not appear to hare been obtained in a solid distinct form, 
'nut has been successfully produced as a coating upon a copper surface. Separate 
solutions are made of sulphate of copper and of sulphate of zinc in cyanide of 
potassium. Tne two solutions are then mixed, and placed in a decomposing trough. 
Two or three cells of a battery arc used, and a brass plate connected with the copper 
end. An electrotype copper medal or other prepared surface is connected with the 
zinc. Brilliant and perfect brass soon appears, and will deposit slowly for some 
hours ; but after a while, the character of the solution changes, and copper appears in 
pluce of brass. 

This hasty glance at the leading applications of this art will giro an idea of its 
utility. It also comes into piny in cases where least suspected. Pins were tinned 
by electrotype long before the art was known. Brass pins are thrown into solution 
of tin in cream of tartar, and arc unchanged j but when a lump of tin is thrown 
among them, a voltaic pair is formed, and tin is deposited on all the heap. Any 
stray pins detached from the moss, escape the influence. Space would fail us were 
we to go through the list of crystalline and of simple bodies formed by these pro- 
cesses; as for instance, octahedral crystals of protoxide of copper; tetrahedral 
crystals of proto-chloride of copper; octahedral crystals of sulphide of silver; 
crystals of subnitrate of copper ; bibasic carbonate of copper, and others too numerous 
to name, have all been formed by slow voltaic actions. The alkaline metals, po- 
tassium, sodium, &c., were first obtained by Davy in the galvanic way ; magnesium, 
barium, aluminium, calcium, &c., are obtained by M. Bunsen hy operating upon the 
chlorides of these metals either in solution or in a state of fusion. 

Electro-etching is produced at the place where the current enters the decom- 
posing trough, as at the copper-plates c of Jig. 697. A plate of copper is prepared as 
if for the graver; its face is then covered with an etching ground of asphaltc, wax, 
black pitch, and burgundy pitch ; and its back with varnish. The design is then 
traced through the etching ground with a fine point ; the plate is then placed in tlic 
trough b, containing either sulphate of copper or simply diluted sulphuric acid, and 
connected with the copper of the battery. After a lew minutes it is removed, and 
the fine lines are stopped out with varuish ; it is then replaced, and again, after a 
few minutes is removed, and the darker shades are stopped out ; the parts still ex- 
posed are again subjected to the action, and the etching is complete. When the 
ground iB removed, the design will be found etched upon the coppcr-p!ate ready for 
the printer. 

Dagij kiibeotypE etchinq is a delicate operation, and requires much care. The 
solution employed by Professor Grove was hydrochloric acid and water in equal 
parts, and a battery of two or three cells. 

Platinized silver is used in face of the daguerreotype, instead of copper. The result 
comes out in about half a minute. An oxy-chloride of silver is formed, and the 
mercury of the plate remains untouched. 

A Photo-ualvano-gkai'iuc Company was formed in London for carrying ont the 
process of Paul Pretsch. He made solutions of bichromate of potash in glue rater, 
or in solution of gelatine, instead of in pure water. He then treated the glass or 
plate with thes. 1 , and in the usual way took a picture. He washed the gelatine picture 
with water, or solution of borax or carbonate of soda, which left the picture iu 
relief ; when developed, he waslitd with spirits of wine, and obtained a sunk design.- 
The surfaces thus prepared, or moulds made from them, were placed in a galvano- 
plastic apparatus for obtaining an engraved plate from which to print The process 
was not, commercially, successful. See Fiioto-galvanograpiiy. 

The Duke of Leuchtenberg prepares a plate for etching by leaving the design on 
the ground, and removing the ground for the blank parts. When his electrotype 
operation is complete, tbc design is in relief instead of being iu intag'.io as in ordi- 
nary etching. 

M eta llo-ch roues consist of thin films of oxide of lead, deposited sometimes on 
polished plates of platinum, but most commonly on polished steel plates. The colours 
are most brilliant and varied. Nobili is the author of the process. 

A saturated solution of acetate of lead is prepared and placed In a horizontal 
trough. Three or four battery cells are required. A steel ^latc is laid iu the 
acetate of lead with its polished surface upward, and is connected with the copper of 
the battery. If a wire is connected with the zinc end of the battery, and held o*Ver 
the steel plate in the solution, a series of circles in lirilliant colours, arise from the 
spot immediately beneath the wire, and expand and spread, like the circles when a 
■tone is thrown into a pond. Silver-blond is the first colour; then fawn-colour, fol- 
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green and orange, greenish violet, tHid passing through reddish yellow to rose- lake, 
which is the last colour in the scries. 

According to the shape of the metal by which the current enters — he it a point, 
a slip, a cross, a concave, or a convex disc — so is the form of the coloured figure 
varied. And if, in addition to this, a pattern in card or gutta percha is cut out und 
interposed between the two surfaces, the action is intercepted by tlge portions not 
removed, and the design is produced oil the steel {date, in colours, that may lie 
greatly varied, according to the duration of the experiment. The different colours 
are due to the different thicknesses of the thin films of peroxide of lead. 

M. Becquerel proposed the deposit of peroxide of lead, and also the red peroxide of 
iron, for protecting metals from the action of the atmosphere. For the latter, proto- 
sulphate of iron is dissolved in ammonia solution, and operated upon by two or three 
batteries. 

The most important application of electro- metallurgy in the a$s has been for 
plating and gilding, which is most extensively carried on both at home and abroad. 
Results that were unattainable, und others attainable only at great cost, are readily 
produced by this mode of manipulating. The liquids most in use ure the cyanide 
solutions, first introduced by Messrs. Elkiugtons. Thdjr are prepared in various 
ways. Cyanide of potassium is added carefully to dilute solution of nitrate of silver ; 
and the white deposit of cyanide of silver is washed, and then dissolved in other 
cyanide of potassium ; or lime water is added to the nitrate solution, and the brown 
deposit of oxide of silver is washed and, while moist, is dissolved in cyanide of 
potassium; or common sail is added to the nitrate Folntion, and the white deposit of 
chloride of silver is washed and dissolved in cyanide of potassium. Or a solution of 
cyanide of potaasium is placed in the trough it. Jit/. 697 ; and the current from three 
or four cells is passed into it from a silver plate at r, which combines with and is 
dissolved into the liquid, converting it into a cyanide of silver solution. To prevent 
silver being abstracted by deposition at m, as the current leaves the trough, the 
metal at m is placed within a porous cell of cyanide solution, so as to limit the action. 

Gold solution is obtained by dissolving the anhydrous peroxide of gold in cyanide 
of potassium, or by treating chloride of gold with. cyanide of ]>otassiuiii, or by using 
a gold plate and a voltaic current with a solution of cyanide of potassium in the same 
way as described for silver ; and allowing the action to continue until the solution \v 
sufficiently strong of gold. AVitli these solutions electro-plating and gilding are' 
readily accomplished. There arc other solutions more or less valuable, which will be 
found in tlie hooks that treat upon the subject. 

Fit/. 700 shows a single cell arrangement for plating. The zinc is outside, and is 
bent to embrace bolb sides of the porous cell. The article to be plated is within this 



cell ; because, being the vessel of smaller capacity, loss of the more valuable silver 
solution is required, aud there is less of loss or waste. The same holds good in a 
greater degrefi of gold. In a few minutes, the article is covered with silver. If a few 
drops of sulphuret of carlvon are added to the silver solution, the silver is deposited 
bright. Gold docs not come down quite so rapidly as silver. > 9 m 

J£xccpt for mere experiment, these operations are better accomplished and with 
less waste by using distinct batteries, as «v, jUu 701, the solution of gold or silver being 
in a distinct trough /», plates of silver or gold, as the cases may be, being suspended 
in front of the article to Ik? coated. One or two cells, according to the t results re- 
quired, are used for plating ; and three or four for gilding. But gilding is never so 
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▼ell accomplished as it is with bot solutions. Die modes or keeping solutions hot 
vary with circumstances, and with the extent of the operations. Fig. 702 is an 
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arrangement for operation*, on a small scale. The vessel a b, containing the g»,ld 
solution, rests over a small stove or spirit-lamp. The objects to be gilt are suspended 
by wires to the conducting rod d , in connection with the zinc end of the battery ; and 
tlio gold wire or plate c is connected with the other end. A temperature of from 1 00° to 
200° is desirable ; the higher temperatures require fewer battery cells ; with the highest, 
one will suffice. The solution of course evaporates under the influence of beat; and 
distilled water must be added to supply the loss, before each fresh operation. 

Plating and gilding is successfully and, in point of economy, advantageously 
carried on at Birmingham, in more than one manufactory, by means of magneto- 
electricity. In the article on Electric- Tkleghaphy will be found a description of this 
form of electric force p and the means by which it is produced. An electro-magnet is 
set in motion in front of the poles of a permanent magnet, in such a manner that the 
soft iron core of the electro-magnet becomes alternately a magnet and not a magnet ; 
in the act of becoming a magnet, it raises up a enrrent in one direction in the wire 
with which it is wound ; in the act of ceasiug to lie a magnet, it raises up a current in 
the reverse direction. The ends of the wire are led away and insulated. The instvu- 
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ment is fitted with a commutator, so adjusted that it collects the currents from the 
ends of the wire, and guides them in a uniform direction into the vessel that contains 
the solution fin£ articles to be gilded or plated. In practice, a single machine consists 
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of many electro-magnets grouped toother, and many powerful magnets for exciting 
them ; by which means a continuous flow of a large amount of electricity is ob- 
tained. Fig. 703 is an illustration of snch an arrangement as adapted by Mr. Woolrich : 
a a a a are four clusters of permanent steel magnets, seen from above ; bbbhh is the 
frame-work of the machine ; cccc are four bars of soft iron, wound with large size 
insulated copper wire ; d is a circular disc, on which they are moused, and which 
rotates on a vertical axis, of which f shows the upper end ; e is the commutator, 
from which two wires are led off to the solution to be operated upon. The permanent 
magnets are U shaped ; one pole only of each bundle is visible ; the other is beneath 
the disc dL, and its freight of electro magnets c c, & c. The axis is -set in rotation by 
ii Btrap passing over the dram of a shaft of the steam-engine, that does the ordinary 
work in a factory ; and the disc carries the electro-magnets between the poles of the 
permanent magneto, and exposes them to the most favourable action of these poles. 
The number of coils and magnets vary in proportion to the work reauired. By this 
arrangement, not only does each coil pass under the influence of many magneto, but 
each magnet acts successively on manv coils; and a proportionate supply of electri- 
city is the result — C. V. W. 

ELECTBO-MOTIVE ENGINES. The following reiritirks on this subject arc an 
abstract of a communication read by the editor to the Institution of Civil 1 Engineers, 
for which tlicy awarded him their Telford Medal. 

Numerous electro-magnetic machines have been made, but a few only of these 
require to be described. In 1 832, Salvatore Dal Negro published an account of the at- 
tempts made by him in this direction. As Dai Negro’s engine was of a very simple 
and effective kind, the l*rofessor’s description of it may he quoted : — “As 1 had been 
successful in producing temporary magneto of very great pow'T, with very small elec- 
tro-motors, I endeavoured to apply this power to moving machinery. I will now 
briefly state by what means I endeavoured to set a lever in motion. I first used a 
magnetic steel bar, placed vertically between one end of a temporary magnet. The 
bar vibrated from the attractions and repulsions which took place between its north 
pole and the north and south poles of the. electro-magnet. In the same way a motion 
may be effected in a horizontal plane. I also set in motion a similar bar, by allowing 
a piece of iron, set free from the magnet at the moment when its power became = 0 
to fall on one of its ends, after this it was immediately rc-attracted. This can be ef- 
fected in two ways : the one may be employed when a quick motion is to be prodneed 
and the second when a greater force is wanted; in the first case the weight falls only 
just out of tlie power of the magnet’s attraction, and the instant the weight has fallen 
upon the bar, or lever, it is re-attracted by the magnet that the action may be re- 
peated: it is always small in comparison with that which the magnet cannot support 
whilst in contact. lu the second case the whole weight which the magnet can carry 
is employed, and use is made of the foree which draws it to the magnet.** Upon tnis 
was founded several other attempts, particularly one by Dr. Scliultbess, who was so 
satisfied with the result, that he wrote in 1833 : — “ If we consider that electro-magnets 
ha'tae already been made, which were capable of carrying 20 cwts., and that there is 
no reason to doubt that they may be made infinitely more powerful, I think I may 
boldly assert, that electro-magnetism may certainly be employed for the purpose of 
moving machines.” Professor Botto of Turin, also employed “ a lever put in motion 
(in tlie manner of a metronome) by the alternating of two fixed electro-magnctic 
cylinders, exerted on a third movable cylinder, connected with the lower arm of the 
lever, the upper part of which maintains a metallic wheel, Refving in the ordinary 
way, as a regulator in a continuous Gyratory motion.” It will he evident to any one 
who has observed the motion of manv of the electric clod s, that this is in several 
respects similar to the pendulous motions adopted. . 

In 1835, Professor Jacobi, of St. Petersburg, published an account of his experi- 
ments, which were carried out on a large scale, regardless of cost, at the expense of 
the Ehiperi^ Nicholas. Ills first idea was to employ the attractive and repellant 
powers of magnetic liars, so that Jie might obtain an advancing and receding motion, 
which could be easily changed into a continuous circular motion. A great many 
machines have been made upon this principle ; hut Jacobi, alone, as far ns can he 
learned, has pointed out the true cause of their failure. “ We know,” he says, “tlie 
ill effects of shocks in the movements of machines, but there is here, another 
venience which uwnot simply mechanical. The soft iron, by these repented .shocks 
and vibrations, gradually acqnires at the surface of contact the nature ot steels; there 
will be a considerable permanent magnetism, and the transient magnetic force which 
alone produces the movement, will be weakened in proportion. A number o' ex- 
periments, which I have made ui>on the magnetic force of a bar of soft iron, bent 
into a horseshoe form, has shown me the great disadvantage of often repeated shocks, 
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Jacobi, finally setting aside all oscillating motions, produced a machine giving conti- 
nuous circular motion, by fixing eight electro-magnetic bars on a disc, movable round an 
axis — and eight fixed bars similarly arranged upon a fixed platform. The arrange- 
ment of the bars admitted of much variety, provided it was exactly symmetrical, and 
'that it allowed the poles to approach each other as nearly as possible. Arrangements 
were made, w\th much ingenuity, by which the poles of the magnets were inversed 
directly, and so that that inversion should tuke place precisely at that point where 
the bars were opposite each other. One hundred and forty-four inversions in the 
second were readily effected, and Jacobi declared it would be easy with his apparatus 
11 to change, or to completely interrupt, the electric current, one thousand, or more, 
times in a second.” 

A machine constructed upon this principle was, at the desire and at the cost of an 
Imperial Commission, put on board a ten-oared shallop, equipped with paddle-wheels, 
« to which the electro-magnetic engine communicated motion. The boat was 28 feet 
long, and 7J feet in width, and drew 2 J feet of water. In general, there were ten or 
twelve persons on board, and the voyage on the Neva was continued during several 
entire days, By these experiments Jacobi was led to the conclusion, that a lwttery 
of 20 square feet of platinum would produce power equivalent to one liorsc ; aud the 
vessel went at the rate of four miles an hour. In 1339, Jacobi tried another experi- 
ment, with a battery of 64 platinum plates, each having 36 square inches of surface ; 
when the boat, with a party of 14 persons on board, went against the stream at the 
rate of 3 miles an hour. 

In 1837, Mr. Thomas Davenport, of the United States, constructed a rotury engine, 
in which permanent and electro-magnets were employed. Mr. Taylor, in 1839, 
patented an electro-magnetic engine, both in America a id in this country, the prin- 
cipal novelty in which was, that instead of changing the poles of the magnets, the 
electric action was, at fixed rapid intervals, entirely suspended. In 1837, Mr. David- 
son, of Edinburgh, constructed an engine, in which lie produced motion by simply 
suspending the magnetism, without a change of the poles. Mr. Rotart Davidson 
placed an electro-magnetic locomotive on the Edinburgh and Glasgow Railway ; the 
curriage was 16 feet long, and 6 feet broad, and weighed about 5 tons. All the 
arrangements appear to have been very complete, but when put in motion on the 
rails, it was not possible to obtain a greater speed than four miles an hour. 

Professor Page’s clectro-magrietic engine was for some time looked upon as a 
triumph. The fundamental principle of it is thus described: “ It is well known 
that when a helix of suitable power is connected with the poles of a battery in action, 
an iron bar, within it, will remain held up by the induced magnetism, although the 
helix bepluccd in a vertical position; aud if the bar is partly drawn out of the helix 
hy the hand, it goes back with a spring, when the hand lets go its hold. This power, 
— the action of the helix upon the metallic bar withiu it, — is the power used in Page’s 
engine.” Professor Page exhibited one of his engines, of between 4 and 8 horse- 
power, at the Smithsonian Institution ; the battery to operate with being contained 
within a space of 3 cubic feet. It was a reciprocating engine of 2 feet stroke, gnd 
the whole, including the battery, weighed about one ton. Professor Page stated, that 
the consumption of 3 lbs. of sine per day would produce one horse-power. This 
statement requires further investigation. 

Many similar attempts have been made, to construct effective machines to Ik* 
moved by the power of the voltuic battery. Among others, Mr. Henley constructed 
an electro-magnetic engine of considerable power, for Mr. Talbot, and another for 
Professor Wheatstone. In these fliere were nmnv ingenious mechanical arrange- 
ments, invented to overcome some of the difficulties hitherto encountered ; but the 
physical conditions were similar to those already described. Mr. Talbot's engine 
was 3 feet 6 inches long, and 2 feet 6 inches wide ; when excited l>y a Grove's 
battery, consisting of four cells with double plates of xinc, 9 inches by 6j inches, 
platinum plates 9 inches by 6 J inches, excited by diluted sulphuric acid in tlia pro- 
portions of 1 to 4, and concentrated nitric acid, it t drove a lathe, with' which was 
turned a gnn-mcr&l pulley 5 inches in diameter ; but in three quarters of an hour the 
battery was quite exhausted - 

Mr. Ujorth, a few years since, exhibited in I*ondon a large machine, constructed 
somewhat on the principle of Page’s ; this, however, failed to produce aity great me- 
chanical effect, and it appears to have been abandoned. Dr. Lard ngr stated in 1861, 
that M*Gustave Fromcnt,of Paris, was using, with much advantage, an clcctro-mag* 
uctic engine in his workshops for turning lathes, planing machines, Ac. Its uset 
however, appears to have been abandoned, on account of the great cost of the battery 
power. 

Hank el end Fessel, on the Continent, the Rev. James William M'Guuloy, Dr. 
Kemp, pud otlfcrg, in Great Britain, have, at different times, excited much attention 
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Notwithstanding thefe numerous trials, and, connected with them, an almost infi- 
nite amount of experiment, it does not appear, that any satisfactory explanation has 
ever been given of the causes which have led to the abandonment of the idea of em- 
ploying electricity as a motive power. It was mainly with the view of directing atten- 
tion to these causes, that the essay read was written. 1 

Electro-magnetism undoubtedly affords an almost unlimited power. An electro- 
magnet may be constructed which Bhall have a lifting power equal # to many tons. 
It is probable, that there arc limits beyond which it would not be possible to increase 
the power of electro-magnets ; those limits have not yet been reached ; but supposing 
them to be attained, there is nothing to prevent the multiplying of the number of 
electro-magnets in the arrangements. It may be stated, in connection with this part 
of the subject, that from experiments made with Ileardcr’s magnetometer, it appears 
that the development of magnetism in iron observes some special peculiarities. These 
may be thus stated : — With the same electro magnet there is, as the voltaic pairt> in 
the battery are increased, a gradual increase of magnetic force. With from one to 
seven elements there appears an average excess of 81 lbs. ; after this point, with the 
increase of battery power, by the addition of pair after pair of sine and platinum 
elements, the production of power bears a decreasing ratio to the power employed, 
and at last, the Addition of five elements was not found to produce an increase of ef- 
fect equivalent to the value of one clement. In all experiments, therefore, on elec- 
tro-magnetic machines, the experimentalist has first to determine the utmost power 
which the soft iron is capable of assuming, in relation to, — 1st. The number of coils 
of wire on the iron ; and 2nd, the number of elements employed in the exciting 
source — the voltaic battery. The length of the iron and its thickness are also points 
demanding special considerations from the constructor of an electro-magnetic machine. 

There remains now to examine the production of the power, Electro-Magnetism. 

The electro-mechanician is dependent upon his battery, in the same way as a 
steam engineer is dependent upon his fire and bis boiler, for the production of me- 
chanical effect. 

Voltaic batteries vary in their effects, and hence arise statements which differ 
widely from each other, as to the result obtained, by the destruction (P change of 
form) of a given quantity of metal in the battery. 

Dr. Botto states, that 45 lbs. of zinc, consumed in a Grove’s battery, are sufficient to 
work one-horse power electro-magnetic engine for twenty-four hours. 

Mr. Joule says the same results would have been obtained, bad a Darnell's battery 
been used, by the consumption of 75 lbs. of zinc. 

It is impossible, on the present occasion, to enter into the theory of the voltaic 
battery, or to describe the varieties of arrangement which have been adopted for gene- 
rating (developing) electrical force in the form of a current, with the greatest effect, 
at the smallest cost. 

On this point tlie evidence of Jacobi may be quoted : — 14 With regard to the 
magnetic machine, it will be of great importance to weaken the effects of the counter 
curycnt, without at the same time weakening the magnetism of the bars. It is the 
alternate combination of the pairs of plates in the voltaic pile, which permits ns to 
increase the speed of rotation at will. We know the magnetic power of the current 
is ribt sensibly augmented by increasing the number of the pairs of plates, but the 
counter current is considerably weakened by its being forced to pass through a great 
many layers of liquid. In fact, on using twelve voltaic pairs, each, half a square 
foot, instead of four copper troughs, each with a surface two square feet, which I 
had hitherto used, the speed of rotation rose &A least 250 or 300 revolutions in a 
minute.” * 

Mechanical force, whether obtained in the form of man-power, horse-power, 
steam-power, or electrical-power. is the result of a change of form in matter. In the 
animal, it is the result of muscular aud nervous energy, which is maintained by the 
due supply of food to the stomach. In the steam-engine, it is the result of vapour 
pressure, wHich is kept up by the constant addition of fuel to the fires, under the 
boilers. In the magnetic machmo, it is the result of currents circulating through 
wires, and these currents are directly dependent upon the chemical change of zinc 
or of some other metal in the battery. Then, 

Animal power depends on fiwd. 

Steam fiowcr depends on coal. 

Electrical power depends on zinc. 

An equivalent of coal is consumed in the furnace — that is, it nnites its carbon 
with oxygen to form carbonic acid, and its hydrogen with oxygen to form water, 
and during this change of state the quantity of heat developed has a coustaut relat mu 
to the chiMiiicnl notion coiinr oil 
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Mr. Joule has proved by a series of most satisfactory experiments, that : “ The 
quantity of heat capable of increasing the temperature of a pound of water by one 
degree of Fahrenheit’s scale is equal to, and may be converted into, a mechanical 
force capable of raising 838 lbs. to the perpendicular height of one foot." 

1 Mr. J. Scott Bussell lias shown that in the Cornish boilers, at Huel Towan and the 
United Mines, the combustion of one pound of Welsh coal evaporates of water, from 
ils initial temperature, 10*58° and 10*48° respectively. "But," says Mr. Joule, "we 
have shown that one degree is equal to 838 lbs. raised to the height of one foot 
Therefore the heat evolved by the combustion of one pound of coal is equivalent to the 
mechanical force capable of raising 9,584,206 lbs. to the height of one foot, or to 
al>out ten times die duty of the best Cornish engines." 

Such are the conditions under which heat is employed as a motive power. An 
equivalent of line is acted on by the acid in the cells of the battery, and is oxidised 
thereby. In this process of oxidation a given quantity of electricity is set in motion ; 
but the quantity ‘available for use, falls very far below the whole amount developed 
by the oxidation of the zinc. The electricity, or electrical disturbance, is generated 
on the surface of the zinc ; it passes through the acidulated fluid to the copper plute 
or platinum plate, and in th is passing from one medium to another, it has to overcome 
certain mechanical resistances, and thus a portion of the force is lost This takes place 
in every cell of the voltaic arrangement, and consequently the proportion of zinc which is 
consumed, to produce any final mechanical result is considerably greater than it should 
be theoretically. 

Joule gives os the results of his experiments, the mechanical force of the current 
produced in a Darnell's battery as equal to 1,106,160 lbs. raised one foot high, per 
pound of zinc, and that produced in a Grove’s buttery as equal to 1,843,600 lbs. raised 
one foot high, per pound of zinc. 

It need scarcely be stated, that this is infinitely aliove what can be practically ob- 
tained. A great number of experiments, made by the Author some years since, 
enabled him to determine, as the mean average result of the currents, produced by 
several forms of battery power, that one grain of zinc, consumed in the battery, 
would exert a force equal to lifting 86 lbs- one foot high. Mr. Joule and Dr. Scorcsby 
thus sum up a series of experimental results: "Upon the whole, we feel ourselves 
justified in fixing the maximum available duty of an electro-magnetic engine, worked 
by a DanielVs battery, at 80 lbs. raised a foot high, for each grain of zinc cousumed.” 
This is about one-half the theoretical maximum duty. In the Cornish engines, doing 
the best duty, one grain of coal raised 143 lbs. one foot high. The difference in the 
cost of zinc and coal need scarcely Ik.* remarked on. The present price of the metal 
is 35/. per ton, and coal can be obtained, including carriage to tlic engines, at less 
than 1/. per ton ; and the carbon element docs two-thirds more work than can possi- 
bly be obtained from the metallic one. 

By improving the bntlery arrangements, operators may eventually succeed in 
getting a greater available electrical force. But it must not be forgotten, that the 
development of any physical force observes a constant Jaw. Whether in burning cpnl 
in the furnace, or zinc or iron in the battery, the chemical equivalent represents the 
theoretical mechanical power. Therefore, the atomic weight of the carbon atom lx-irig 
6, and that of the zinc atom being 32, it is not practicable, under the best possible ar- 
rangements, to obtain anything like the same mechanical power fi-om zinc which can 
be obtained from coal. Zinc burnR at an elevated temperature ; in burning a pound 
of zinc there should be obtained, as beat, the same amount of mechanical power which 
is obtained as electricity in the battery. The heat being more easily applied as a 
prime mover, it would be fhr more economical to at burn zinc under a toiler, and to use 
it for generating steam power, than to consume zinc in a voltaic buttery for generating 
electro-magnctical power. 

ELECTRO-PLATING AND GILDING IRON. Professor Wood, of Springfield, 
Massachusetts, in a paper, which he lioscorornunicatcd to the Scientific American, rtyom- 
mends the following as nsefhl recipes for the clectro-mqjallurgist. He snys, ‘*1 believe it 
is the first time that a solution for plating direct on iron, steel, or Britannia metal lias been 
published. In most of the experiments I have used Smee’s battery ; but for depositing 
brass I prefer a battery fitted up as Grove’s, using artificial graphite— obtained from 
the inside of broken coal-gas retorts — in the place of platinum. With ohe large cell 
(the zinc cylinder being 8x3 inches, and excited with a mixture of one part sulphuric 
acid nmk twelve parts water, the graphite being excited with commercial nitric acid) 
1 have plated six gross of polished iron buckles j»er hour with brass. I have also 
coated typo and stereotype plates with brass, and find it more durable than copper- 
facing." 

To prepare Cyanide of Silrer. — 1 . Dissolve 1 oz. of pure silver in 2 oz. of nitric 
acid and 2 oz.* of hot water, after which ;idd 1 quart of hot water. 2. Dissolve 
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5 oi. of the cyanide of potassium in 1 quart of water. To the first preparation add 
l>y degrees a smlll portion of the second preparation, until the whole of the silver is 
precipitated, which may be known 4>y stirring the mixture and allowing it to settle. 
Then drop into the clear liquid a very small quantity of the second preparation from 
the end of a glass rod ; if the clear liquid is rendered turbid, it is a proof that the 
whole of the silver is not separated ; if, on the other hand, the liquid is not altered, it 
is a proof that the silver is separated. The clear liquid is now to be poured off, and 
the precipitate, which is the cyanide of silver, washed at least fepr times in hot 
water. The precipitate may now be dried and bottled for use. To prepare Cyanide 
of GoLl. — Dissolve 1 oz. of fine gold in 1*4 oz. of nitric acid and 2 os. of muriatic 
acid ; after it is dissolved add 1 quart of hot water, and precipitate with the second 
preparation, proceeding the same as for the cyanide of silver. To prepare Cyanides 
of Copper and Zinc. — For copper, dissolve 1 oz. of sulphate of copper in 1 pint of hot 
water. Tor zinc, dissolve 1 oz. of the sulphate of zinc in 1 pint of hot water, and 
proceed the same as for cyanide of silver. The electro- plater, to insure success in 
plating upon all metals aud metallic alloys, must have two solutions of silver ; tht^ 
first to whiten or fix the silver to such metals as iron, steel, Britanum metal, and 
German silver; the second to finish the work, us any amount of silver can be deposited 
in a regulinp state from the second solution. First, or Whitening Solution. — Dissolve 

11m. (troy) of cyanide of potassium, 8 oz. carbonate of soda, and 5 oz. cyanide of 
silver iu one gallon of rain or distilled water. This solution should he used with 
a compound battery, of three to ten pairs, according to the size of the work to be 
plated. Setxmd, or Finishing Solution. — Dissolve 4.1 oz. (troy) of cyanide of potas- 
sium, and 1 J oz. of cyanide of silver, in 1 gallon of rain or distilled water. This 
solution should be used with one large cell of Smcc’s battery, observing that the silver 
plate is placed as near the surface of the articles to be plated as possible. — N.B. By 
using the first, or whitening solution, you may insure the adhesiou of silver to ail 
kinds of brass, bronze, red cock metal, type metal, &c., without the use of mercury, 
which is so iiyurious to the human system. To prepare a Solution of Gold.— 
Dissolve 4 oz. (troy) of cyauide of potassium, and 1 oz. of cyauidc of gold, in 1 
gallon of rain or distilled water. This solution is to be used warm (about 90° Falir.) 
with u battery of at least two cells. Cold can be deposited of various shades to suit 
the artist, by adding to tli 2 solution of gold a small quantity of the cyanides of silver, 
copi>er, or zinc, aud a few drops of the hydro sulphuret of ammonia.” 

ELECTRO-PLATING BATH. See Cyanides. 

ELECTRO-SORTING APPARATUS. — M. Froment has devised an apparatus 
for the separation of iron from matters by which it may be accompanied. The ap- 
paratus consists of a wheel carrying on its circumference eighteen electro-magnets. 
The iron ore reduced and pulverised is spread continually upon one of the extremitus 
of a cloth drawn along with it, aud passed under the electro-inagnets in motion. The 
iron iu the ore which lias of course been brought into a magnetic state by any of the 
processes by which this may he effected, is separated by the magnets, aud the 
impurities carried onward. See J)e la Hires Electricity. 

ELECTRO-TELEGRAPHY. The simultaneous appearance of the electric spark 
at 4he respective ends of a long conducting wire forcibly arrested the attention of 
electricians in the early days of the science. 

A series of remarkable experiments were made, by Dr. ‘Watson, commencing on 
July 14th, 1747 ; when he passed an electric discharge from the Thames bunk at 
Westminster to the opposite bank at Lambeth, by means of a wire suspended to 
Westminster Bridge, lie continued his researches; and, on August the 5th of the 
following year, he arranged 12,270 feet of wire at Shooter’s llill, the beginning, the 
middle, aud the end of which were led into the same apartment, lie found out that 
the electric signs at the middle of the wire coincided iu lime with the discharge at the 
two ends, proving that the passage, at least in such a length of wire, was iustantaueous. 
In reference to these results Professor Muse.hcnbrock wrote to Dr. Watson; “Mag- 
nificentissimis tuis experiments, superasti conutus omnium.” 

Tile ide* of applying this projierty to the transmission afar of telegraph signals 
proper was an early aud uatura4 result of these discoveries. But many onward steps 
were necessary before the idea could assume any definite form ; aud further udvances 
iu knowledge were essential before the idea could be realised. 

It would Jar exceed our limits were we to attempt the most hurried sketch of the 
history of this art ; we shall therefore content ourselves with illustrating the leading 
doctrines# that bi^e been realised iu the telegraph systems which are most in favour 
at the time iu which we write. * . 

• Locked up, as it wen*, in all bodies, is a large store of electric force, the equilibrium 
of which is disturbed in a greater or less degree by a variety of causes, some extremely 
simple, others more complex ; and, according as one or other cause is in operation. 
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the conditions under which the electric force is manifested vary ; some conditions 
being very unfavourable, and others very favourable to the olject in view. 

Friction is a well known means of producing* electric effects. Amber (in Gretk 
electron) was the first substance on which they were noticed in a special manner, and 
hence the name. Light bodies, such as gold leaf, or feathers, are attracted by rubbed 
amber ; the leaf gold is quickly repelled again, the feathers not so readily. In due 
'course it was discovered that this difference of behaviour U due to the gold conducting 
electricity, and <he feathers not so; the one allowing the force to diffuse itself about it, 
the other receiving and retaining it only in or near the points of contact ; if the former 
property were universal it would be impossible to collect electricity; if the latter, it 
would be impossible to ge t rid of it Conduction is well illustrated and turned to 
useful account in the iron and copper wires, by which distant telegraph stations are 
connected with each other ; insulation, by the glass or porcelain articles with which 
the said conducting wires are suspended to the poles above ground, and by the gutta 
perclia with which the subterranean or submarine wires are covered. 

The rapidity with which electric force traverses conductors depends upon the cir- 
cumstances under which the conductors are placed; in one case, as in that of wire 
suspended in the air, the electric force has little else to do than to travel onward and Iks 
discharged from the far end of the wire ; in the other case, as in that of buried wire, 
it has to disturb the electrid equilibrium of the gutta percha as it travels onward, auil 
thus suffers considerable retardation. The greatest recorded velocity of a signal 
through a suspended copper telegraph wire is 1,752,800 miles per second, by M. 
Ilipp; the lowest velocity through a buried copper wire, 750 miles per second 
by Faraday. Intermediate velocities are recorded, for which the nature of the wire 
or the conditions under which it was placed were different Wheatstone found the 
velocity of electricity under different conditions from the above to be 2^8,000 miles per 
second. His wire was copper, and was wound on u frame. The electricity that was 
employed by Mr. Wheatstone in these experiments was obtained from the friction of 
glass against an amalgam of tin. Tlic various velocities are due partly to the con- 
ditions under which the condncdng wire is placed, and partly, no doubt, to the 
varied properties of electricity from various sources. And the very different methods 
of reading off the velocities in this and in other cases may have au influence over the 
respective values. 

Electricity is obtained from ether sources than friction with so much greater faci- 
lity, and in forms so much more applicable and manageable for telegraphic purposes, 
that frictional electricity ha6 not been applied in real practice. It must not, however, 
be passed over in this place, because one of the earliest telegraphs, perhaps the very 
first in which a long length of wire was actually used, was actuated by this form of 
electricity. In 18 1G Mr. Ronalds established, in the grounds attached to his residence 
at Hammersmith, eight miles of wire suspended by silk to dry wood, besides 175 
yards of buried wire in glass tubes cm lidded in pitch and enclosed in troughs of 
wood. lie obtained his electricity from a common electrical machine, and his signals 
from the motion of light bodies, hulls of elder pith, produced under circumstances 
analogous to those to which we have already referred. At the far end of his tele- 
graph wire two pith balls were suspended close together. Electricity applied at ihe 
home end of the wire at once diffused itself throughout the conducting system, 
including the pair of light balls. Just os we have seen gold leaf recede after having 
approached rubbed amber, and acquired an electric charge ; so the pith balls, each 
being charged with electricity, derived from the same source, recede front each other ; 
and this in obedience to the fundamental laws of static electricity, for which we 
must refer readers to treatises on the subject. Here, then, we have one solitary 
signal. The manner in which Mr.Ttonnlds turned it into language was ingenious. 
He pressed time into his service, and by combining time and motion he obtained a 
language. He provided a clock movement at each station ; the clocks were so regu- 
lated us to be synchronous in their movements ; each of them carried, in lieu of a 
bund, a light disc, having the letters of the alphabet and other signals engraved on it. 
The disc was hidden by a screen, in which was one opening. It is obvious that if 
the docks were started together, and had uniform rafcs, the same letter at the same 
time would be visible through the opening in each screen ; and letter by letter would 
pass seriatim and simultaneously before the respective openings. If absolute unifor- 
mity is difficult for long periods, it is practicable for shorter. The sender of a mes- 
sage watched the opening of his screen ; the moment the letter approached that lie 
desired to telegraph he charged the wire with electricity, and tins halls At the far 
station moved ; the letter then visible there corresponded with the one at the home 
station, and was read off The sender watched till the next letter he required came 
round, and so on. 

l^t us now pass on to some of the leading features of electro- telegraphy, ns it has 
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1)000 realised of late years, and to a description of some of tlio telegraph instruments 
that are most in (fee. ,, 

Chemical action is the most fertile* source of electricity. If a silver fork and a 
steel knife are connected together by a piece of 'wire, and the fork is thrust into a 
piece of meat, say a hot mutton chop, the moment an incision is made in the meat 
with the knife, electricity will puss along the wire, and continue to do *so while the 
above disposition of things remains. Upon the proper test being applied, the elec-* 
tricity is readily detected. This is the current form of electricity. The amount of 
f >rcc in circulation in this particular combination is not very great, aifd its power of 
travelling to a distance is not very high, but still it is quite capable of producing good, 
sign Is, on a delicate arrangement of the needle instrument (of which more hereafter) 
with which in England we are so fhmiliar. 

The amount of electricity obtained by means of chemical action, is increased to 
the required extent by a judicious selection of metals, and of the liquid or liquids in 
which they arc immersed. Zinc is invariably used as one of the metals ; it is repre- 
sented by the iron of the knife in the above experiment Copper, silver, and platinum m 
or graphite (gas carbon) is selected for the other melal. When the' two metals are 
immersed in a same liquid, a mixture of sulphuric acid with salt-water, or fresh, is 
employed. When two liquids arc used, they arc separated by a porous partition ; 
the xinc is usually placed in the sulphuric acid solution, and the other metal in a 
solution varying with the nature of the arrangements proposed. Ziuc is naturally 
soluhlc in the acid solution in question ; and would therefore waste away and be 
consumed at the expense also of the acid, unless precautions were taken to make it 
resist the ordinary action of the solvent When zinc is dissolved in mercury it is not 
attacked, under ordinary circumstances, by sulphuric acid solution. Renee the plates 
of zinc employed in ail good voltaic combinations, as they are called, into which 
this acid, in a free state, enters, are protected by being well amalgamated, that is, 
they are dipped in a strong acid mixture and well washed; and are then dipped into 
a mercury bath, and are placed aside to drain. The operation is generally repeated 
a second time; and, in tho best arrangements, the further prccamion is taken of 
standing the zinc plate, while in the acid water, in sonic loose mercury, placed either 
in the bottom of the containing vessel, or in a gutta pcrcha cell : by the latter arrange- 
ment, mercury is economised. In single liquid arrangements, it is desiiable to select 
a metal that is not attacked by the acid. Copper has been extensively used, and is 
very valuable ; but it possesses the defect of being slowly attackable. The waste, 
however, that it sntfers in itself from this cause, is of small moment compared with 
certain secondary results, which terminate in the consumption of the acid and the 
ziuc, and the destruction of the functions of the apparatus. Gold or platinum arc 
free from these defects, but are too costly. Silver, is to a great extent free from 
them, and has been much and successfully used, especially when platinised, that is, 
having its surface covered with finely divided powder of platinum. The corrosion 
from gas retorts, cut into plates, and similarly treated, forms with amalgamated zinc 
one of the cheapest and most ellcctive combinations. 

A single pair of plates, no matter what their character, is unable to produce a force 
that can overcome the resistance of a wire of any length, and produce an available 
result at a distant station; and hence a series of pairs are employed in the telegraphic 
arrangements, k ( Jit/. 704) represents a common mode of arranging a scries of pairs of 
plates. It consists of a wooden trough made water-tight, and divided into wa'er-tight 
cells. The metals are connected in pairs by copper bands ; each pair is placed astride over 
a partition, and all the zincs face one way. When the plates (copper-zinc) are placed 
in, ami the cells are filled up with pure white sand, and the acid water poured in, we 
have the very portable battery that was originufly used by Mr. Cooke, and is still 
much employed in England. Whefi batteries of a higher class arc employed, the 
cells are distinct pots or jars ; and groat precautions are taken to prevent any conduct- 
ing communication existing between the neighbouring cells, save by means of the 
copper band. In the trough form there is a leakage and loss of force from cell to 
cell. • The g or copper is the positive end of such a series, and the z or zinc, the 
negative; and both are in a conation to discharge, cither each to the other, by means 
of a wire led from one to the other, or each to the earth, one by a wire leading to 
the earth at the place where the battery stands, and the other by a long wire (say a 
telegraph wire), leading to the earth at a distant place. The resistance to he over- 
come is, in the former case, less ; and the current of force in circulation is propor- 
tionately greater.* Under whatever circumstances a wire takes part in promoting the 
discharge of an apparatus of this kind, the whole of the said wire is in a conditio&to indi* 
cute the presence of the force that is pervading it ; and os the force may be presented to 
the wire in either of two directions, that is to say, the copper or the zinc, namely, tlio 
positive or the negative eud of the battery, may be presented to the given end of tho 
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telegraph wire, the relative condition of the wire will be modified accordingly. ifot 
only can the direction of this current force be inverted at, pleasure, but it can be 

maintained for any 
length of time, great 
or small, and in ei- 
ther direction. This is 
accomplished by va- 
rious mechanical ar- 
rangements, which are 
the keys, commutators, 
or handles of the va- 
rious telegraph instru- 
ments (of which more 
hereafter), and are 
oiten the only part 
presenting any com- 
plexity about them. 
In Jig. 704, the source of 
electricity, e, we have 
already described ; the 
test -instrument for the 
abuormal state of the 
wire, that is to 6ay, 
the telegraph proper, 
is the part a. The 
complex part, consist- 
ing of springs, cy- 
linders, and studs, 
shown below a, is 
nothing more than 
the necessary mecha- 
nical arrangement for 
directing at pleasure 
the current from the 
battery e, in either 
direction through the 
wire, and through the 
part a. By following 
the letters in the order here given, the course of the current may be traced from its 
leaving, say the positive or copper end of the battery, till its return to the zinc 
or negative end ; c d i> w w u a t! b n z. If a companion instrument were in any 
part of the circuit of the wire av ay, it would correspond in its signals with the home 
instrument,,//;/. 704. 

One of the properties possessed by a wire, during the c of discharging a voltaic 
battery, is to deflect a magnetised needle. If the two are parallel in the normal sfate 
of the Avire, the needle is deflected this way or that, when the wire is in the abnormal 
state ; and if the needle is very delicate, and a large enough amonnt of electricity is 
circulating through the wire, the needle reaches the maximum deflection of *00° 
This is an extreme ease, and cannot be approached in practice. Indeed, the deflection 
of any ordinary needle, under the action of an ordinary telegraph wire, would not be 
appreciable. But, as every foot of the wire has the name amount of reaction, we have 
merely so to arrange things that niAny feet, a long length of the wire, shall be made 
to react upon the needle ut the same time, and tlTus the effect is multiplied in projec- 
tion to the length of wire so concentrated. This is managed by covering a con- 
siderable quantity of fine wire with silk or cotton, and winding it on a frame a (Jig. 
704*), suspending the needle within the frame. Such an instrument is called, from its 
properties, a multiplier . It is seen at a glance that the wire of the multiplier is an 
addition over and above the length of the actual telegraph wire required ror reaching 
the distant station, and thus it practically increases the distance to be traversed: its 
smallness adds to this. The multipliers commonly used add a resistance equal to six 
or seven miles of telegraph wire. 

Let us now turn to the face of the instrument Here we have a dial and an index, 
which is on the same axis as the magnetised needle above described, capublc of being 
deflected to the right or left, and limited in its motion by ivory pins. We have a 
handle for working the mechanical part so connected that, ss it moves to the right, 
directs a current into the wire such that the needle moves to the right, and vice verhu. 
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An alphabet is constructed from the combination of these two elementary motions, 
one or more of father o> both kinds of deflection being used for the various letters, 
as shown on the engraved dial This 705 

is Cooke and Wheatstone’s single 


needle instrument,^. 705. 

The form and character of their 
double needle instrnment is shown in 
fig . 706. It is precisely a duplicate of 
the former; two handles, and their 
respective springs, studs, and cylin- 
ders, two multipliers, and two mag- 
netised needles, with their external 
indexes, and two telegraph wires. One 
battery, however, is sufficient. One 
or more of either or both kinds of de- 
flection of either or both needles, 
according to the code engraved on 
the dial, constitutes the alphabet. This 
instrument is very extensively em- 
ployed ; messages are sent by it with 
extreme rapidity. 

Another property possessed by a 
wire conveying a current is that of 
converting soft iron, for the time, into 
a magnet. The attractive power, 
which can thus be given to, and with- 
drawn from, the soft iron at pleasure 
is turned to useful aceonnt, either in 
producing direct mechanical action, 
or in liberating the detents of a clock 
movement. Here also the effect of the 

706 
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solitary wire is inappreciable, and many convolutions around tiu^iron are necessary 
in order to obtain a usefol result . . « * „ . . 

The simplest appUcation of this principle it shown in fig 707^ 

707 covered copper wire in one 

length. They are hollow, 
and a U-shaped bar of iron 
passes through them, pre- 
senting its ends at the foce 
turned toward us in the 
drawing. This bar be- 
comes magnetic, — forms 
what is called an electro- 
magnet every time and as 
long as an electrical cur- 
rent circulates in the wire; 
and its ends become re- 
spectively north and south 
poles. A narrow plate of 
iron, an armature , as it is 
termed, is mounted on 
pivots in fount of the ends 
or poles of the magnet ; 
it carries a vertical stem 
upon which the hammer is 
fixed. Every time the 
iron bar is magnetic the armature is attracted, and the hammer strikes the bell. The 
spring or contact-maker for introducing the current of electricity into the circuit, is 
shown in front on the right hand side. This is Mr. Walker’s bell for signalling 
railway trains from station to station. The language consists of one or more blows. 
One, two, and three blows are the signals for common purposes, half a dosen blows is 
the limit The acknowledgment of a signal is its repetition. By a simple arrange- 
ment of an index, that moves in fellowship with the hammer, the eye, as well as the 
ear, may read the bell signals. 

Fig. 708 shows another application of the direct action of an electro-magnet in pro- 




ducing telegraph signals. It is Morse’s printing telegraph, very generally used in 
America, and used to no small extent in Europe. The coils of w/re arc 1 shown at 
x, the armature at H, fixed at one end of the lewsr p, which is itself carried on centres 
at c. Hie range of motion here is small in order to produce rapid utterance ; it is 
regulated by the screws d and L The reaction of the spiral spring/restores the lever 
to its normal position each time the magnetism censes. The signalscunsist of dots or 
dashes, variously combined, made by the pointed screw t upon the "slip of paper j», 
running from the drum at the right in the direction of the arrowy ; a few such 
signals are shown upon the end of the paper slip. We have described the telegraph 
proper, which is seen to be extremely simple. The only parts at all complex ere, os 
with the needle instruments already described, the mechanical parts, namely the train of 
wheels for carrying on the paper band, and the key or contact-maker, not shown in 
the figuref The amount of pressure required from the point t in order to produce a 
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mark, is such that it cannot conveniently be produced by the magnetic attraction, 
derived from ^current of electricity that has come from a fkr distant station in order 
to circulate in the coils of wire x. * This difficulty does not prevail in the signal-bells 
M ■ 707, which are, at most, not required to be more than eight or ten miles apart, and 
in which also momentum can be and is accumulated so as to conspire in producing 
the final result Horse has, therefore, had recourse to a refay, as he calls it Thig, 
in principle, is pretty much the same thing as the instrument itself; but it has no 
heavy work to do, no marks to make ; it has merely to act the pgrt of a contact- 
maker or key ; it can hence be made very delicate, so as to act well by such currents 
as would not produce any motion in the instrument itself. The batteries which 
fiirnish the electricity for doing the actual printing work in Morse’s telegraph, are in 
the same station with the instrument itself. The office of the relay is to receive the 
signals from afer, and to make the necessary connections with the local battery and 
instrument so as to print off the signals on the paper in the usual way. It is obvious 
that the motions of the instrument and the relay are sympathetic!, and that what a 
trained eye can read off from the one a trained ear can read off from the other. The 
relays are constructed with much finer wire than is required tor the instrument 
itself, so that the current circulating in them, although very low in force, is multiplied 
by a very high number, and becomes equal to the delicate duty required of it 

Fig. 709 is another illustration of the direct application fif the electro- magnet without 
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adventitious aid. It represents a detent of McCallum’s Globotype for recording 
signals. The long tube contains small glass balls, which are retained therein by a 
detent attached to the armature of an electro- magnet. Every time the armature is 
attracted one ball is liberated and runs down into a grooved dial, where it remains for 
inspection. One or more tubes and dctcuts are used, according to the nature of the 
signal required. As applied to the signal hell (Jig. 707) three tubes are used; one 
charged with black balls, for indicating the number of bell strokes made ; one with white 
balls, for indicating the hell signals sent ; one with spotted balls, for marking off the 
time in quarters of hours or intervals of less length. 

The balls, when liberated, all run into the same dial 
and arrange themselves seriatim. 

We may here refer to the case of another bell or 
alarum, in which the magnetic attraction derived from 
thc*currcnt that arrives, is not cqnal to the mecha- 
nical work of striking a blow and sounding a bell; 
but which is able to raise a detent, that had restrained 
a train of wheels ; and so allow the mechanism of the 
latter to do the work required. This arrangement 
is shown in Cooke and Wheatstone’s alarum,/*/. 7 10 ; 
t is the bell ; mm, is the double headed hammer, which 
is in fact the pendulum, attached to the pallets/, which 
work in a scape-wheel hidden in the figure, and in 
gear in the usual way with a coiled spring in the 
box 6, by {he train r 4 , r„ r„ The electro mag- 
netic part here, as in other instruments, is simple 
enough ; a c is a lever moving on a centre above A 
having at one end an armature a, feeing the poles 
of the electflo- magnet e ; and at the other end r, a 
hook which faces the wheel r, and by catching in a 
notch on Its circumference, keeps the train at rest 
Hut when a current circulates through the coils e, 

the armature is attracted, the hook is raised, the . 

train is liberated, and the pendulum-hammer vibrates and strikes a succession or 
blows, b is a support carrying a small spring, which reacts on the lever, and restores 
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it to its normal position when the magnetism censes. This alarnm is nsed for calling the 
attention of telegraph clerks. It requires a little Attention /o keep up the proper 
adjustment between the spring on the one hand? and the magnetic attraction on the 
other. 

The telegraph originally adopted and still largely used by the French Adminis- 
tration, is somewhat akin to the alarum just described. It has a train of wheels, a 
scape-wheel with four teeth, and a pair of pallets. There is, however, no pendu- 
lum ; but the pallets are connected with the armature of an electro-magnet, in such a 
manner that, for each attraction or repulsion of the armature, the scape-wheel is 
liberated half a tooth ; for an attraction and a repulsion a whole tooth ; so that four 
successive enrrents, producing of course four consecutive attractions and repulsions, 
j i rod nee a whole revolution of the scnpe-wheel. The axis of the latter projects 
throngh the dial of the instrument (Jiff . 711) and carries an arm a or b (jig. 712), which, 



following the motion of the wheel, is able to assume eight distinct positions. The 
apparatus is generally double, as shown in the figure ; and the signals are made up of 
the various combinations of the eight positions of each of the two arms. The arm is 
half black, the other half white. The position of the black portion is read off ; the 
white portion is merely a counterpoise. When only one half of the dial, or one 
index is in use. the combinations are shown by producing with the one index suc- 
cessively the positions of the two, whose combination makes the signal, always giving 
first the position of the left hand index, then that of the right. The handles Bhowu 
in front are the contact-makers ; and are so constructed that the position of the* arm 
on the dial coincides with the position given to the handle. Fig. 712 is a front view 

of the two arms ; part of the dial is 
supposed to be removed, so as to ex- 
pose the four-toothed- wheel already 
mentioned, and the pallets x and : ; 
which, in their movement to and fn>, 
in)low of the semi-tooth advances of 
the wheel. 

In these various applications of the 
electro-magnet, the armature has been 
of soft iron, and the only action of 

it. It has been withdrawn from the magnet after the electricity bias* ceasedto emulate* 
either by its own gravity, by a counterpoise, or by a reacting spring. We now come to a 
telegraph that is well known and much nsed, Henley's magneto-electric telegraph in 
which there is no reacting spring ; and in which the movement or signal is produced 
by the joint action of attraction and repulsion ; and the return to its normal state bv 
the syne joint action. Each pole of Henley’s electro-magnet h«« a double instead 
or the single termination, that we have been considering in all preceding cases. A 
piece of soft iron, like a crescent, is screwed upon each of the poles ; the horna or 
cusps of the respective crescents are facing and near to each other; and a magnetised 
steel needle is balanoed between them. This arrangement is somewhat like the 
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following ( | ). So l° u g ** uu cfbrcnt is circulating in the coils of the electro- 
magnet, the crescents are impassive soft iron, and no one point of cither of them 
has more tendency than any other point to attract either end of the magnetised needlu 
that is between them. Hut while a current is circulating, one of the crescents is* 
endowed with north magnetic polarity, which is especially developed at its horns, 
and the other with south polarity. Suppose the horns of the right*hand crescent 
are north poles, those of the left south poles, and the top end of the needle is 
north. Four forces will conspire to move the needle to the left. Its top will lie 
attracted by the left hand crescent and repelled by the right; its bottom will be 
repelled by the left, and attracted by the right. When this current ceases to cir- 
culate, the simple attraction Ik* tween the magnetised needle and the soft iron of the 
crescent tends to retain it in a deflected position. This tendency is increased bv 
a little residual magnetism, that is apt to remain in the best iron, notwithstanding^ 
every care in its preparation. In order, therefore, to restore the needle to its normal 
j»osition, a short quick current iu the reverse direction is given. These instruments 
arc single or double. Only one kind of deflection of the needle is available for 
actual signals ; the other motion l>eing merely the return Jo the normal state. The 
single needle alphabet is composed of deflections of a short or a long duration ; these 
are produced by holdiug on the current for an instant or for more than an instant ; 
and the various combinations of short and long correspond to Morse's dot and dash 
system. The double needle alphabet consists of combinations of the deflection of 
cither or both needles. 

Fig. 7111 shows Henley's instruni nt. ami, in completing the description of it, wc haw 
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to describe auother source of electric current to which no allusion has been hitherto 
made. The electricity here employed is obtained neither by friction nor by chemical 
action, but by means of magnetism and motion. If a piece of metal is moved in the 
presence of a magnet, or a magnet is moved in presence of a piece of metal, a current 
of electricity is generated in the metal. 'Hie results are multiplied when the metal is 
a co^l of covered wire; so that we have here the converse of the electro-magnet; in 
the one csise electricity had produced magnetism, in the other magnetism produces * 
electricity ; hence the name magneto-electric telegraph. We have here a powerful 
set df steel magnets a a, all the north cuds pointing iu one direction, and bound 
together with a plate of iron, and ull the south ends similarly arranged in the other 
direction. Facing each end, but not quite in front when at rest, is an electro- 
magnet pn»|ier, nn, consisting of the U-shaped iron rod and the coil of covered wire, 
as described in Jig . 707. Each electro-magnet is lflouuted upon an axis, c is a short 
lever or key ; on depressing this theMectro-maguet moves from its normal position 
in a region of lesser mugnetic force, into a new position in the region of greatest 
magnetic force, and thus is the double condition, enunciated above, complied with ; 
the copper wire is moved in the presence of a magnet, uud this under the most 
favourable conditions ; and the U iron, rising front a feeble to a strong magnet, its 
lines of lua^betic force move in_presence of the copper wire. Just as a current, 
coming from a longdistance, had to no received in Morse's arrangement (Jig. 70S) in an 
electro-magnet of a long coil of flue wire, so as to be much multiplied in order to 
do its work, so here a magneto-electric current, that lias to be sent to a long distance, 
must be gendfnted in a long coil of very line wire in order to have electro-motive 
force sufficient to overcome the resistance op|>osed to it. In like manner the electro- 
magnets of\he instrument u, in which it is received at the far-off station, hate the 
saqie multiplying characteristics. The magneto-electric current exists only during 
the motion of the electro-magnet in front of the steel magnets, and this motion must 
be rather brisk, or the change of place is slow and the current feeble ; but the current 
ceases with the motiou. The needle, however, remains deflected from causes to which 
we have already referred, and if the hand is raised gently, so tliatglhe colls return 


182 


ELECTRO-TELEGRAPHY. 


■lowly to their normal position, the needle will riemain deflected ; hut, if the hand is 
so removed that the coils return quickly from the region of greatest to one of lesser 
magnetic force, a reverse current of lesser force than the original is generated, which 
releases the needle from its deflected position and restores it to its normal place, ready 
for making the next signal. In a recent form of this instrument Mr. Henley has 
obviated the necessity of moving the electro-magnets, still retaining the same funda- 
mental principles. He uses a set of large U-shapcd permanent magnets, and place s 
the electro-magnet in the space between the branches of the permanent magnet, and 
so that the four poles of the two magnets, the permanent and the electro* shall be 
flush with each other or in the same plane. A couple of iron armatures are mounted 
on a disc in front of the magnets. The disc has a motion on a centre ; the armatures 
are curved or crescent-shaped. Their form is so adjusted to the relative positions of 
the poles of the respective magnets that, in their normal or ordinary position, ono 
crescent connect* the N. pole of the magnet with one, say the upper pole of the 
electro-magnet, and the other crescent connects the & pole of the permanent magnet 
with the lower pole of the electro-magnet On pressing a key the disc moves, and the 
armatures so change in position that the N. pole of the magnet is connected with the 
hwer, and the S. pole with 'the upper poles of the electro-magnet By this arrange- 
ment the polarity of the electro-magnet is reversed at pleasure, and in its transition 
from being a magnet with poles in one direction, to becoming a magnet with poles in 
the reverse direction, an electric current is generated in the wire with which it is 
wound, and the direction of the current is this way or that according as the transition 
is from this direction of polarity to that This form of magneto-electric machine 
allows of larger electro-magnetic coils being used, and gives the manipulator com- 
paratively very little weight to move in signalling. 

We have shown how an electric current generates magnetism, and how magnetism 
generates another electric enrrent ; it would follow logically that one electric current 
should therefore generate another electric enrrent ; for the magnetism produced by a cur- 
rent circulating in one wire, must have all the properties of magnetism, and among them, 
that of producing another current in another wire; and so it is. A few convolutions of 
a Urge sized wire are coiled round an iron rod ; and outside the larger wire is a very 
great length of finer wire. The current from the battery is called the primary current 
in this arrangement ; and the moment it begins to circulate in the large wire, it 
magnetises the iron and generates a current, called secondary, in the fine wire, which 
is able to penetrate to a very great distance. When the primary current ceases, 
magnetisation ceases, the lines of magnetic force disappear, and a reverse secondary 
current is produced. This was the method proposed for obtaining the secondary cur- 
rent for traversing the Atlantic Ocean from Ireland to Newfoundland. The large 
wire is not necessarily first coiled on ; in the coils for the Transatlantic telegraph it 
was coiled outside. Nor is the presence of iron essential to obtaining secondary 
currents. 

It will have been noticed in all the arrangements which have hitherto been 
described, that the signals are produced by motions, — that the electric current on 
reaching the far station is multiplied by being directed through many convolutions of 
wire, and is made to act upon either a piece of soft iron or a piece of magnetised steel, 
and to move them, the motion being turned to account directly, or by the intervention 
of mechanism. We have yet another property of electricity, that has been very 
■nccessftklly applied to the production of telegraphic signals by Mr. Bain, in his 
electro-chemical telegraph. If a current of electricity is led into a compound fluid 
body, say into water by one wire and out of it -by another wire, the body is decom- 
posed into its constituent elements, one of which, the oxygen in the case in question, 
makes its appearance at one wire and the other — the hydrogen makes its appearance 
714 at the other wire. The same holds good 

with bodies of a more complex character in 
solntion in water. The compound selected 
by Mr. Ham is cyanide of potassium. With 
a solution of this, he saturates a long ribbon 
of paper, similar to that employed in Morse's 
telegraph. He causes the paper b (Jiq. 
714) to pass over a drum of brass a, between 
the metal of b and an igpn point or atylua 
p. The electric current enters the appa- 
ratus by the point p, passes through the so- 
lution of cyanide of potassium, with which 
the paper b is saturated, and out by the 
a r ith the drum r. Decomposition takes place 

and the well known cyanide of iron (Prussian blue) is formed at the point of contact 
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of tlid iron atyloS p with the paper, the iron of the compound being inpplied by the 
stylus itself. The paper is carried on by ordinary mechanism ; and a dot and dash 
alphabet is formed, according to the duration of contacts at the sending station. There 
is a single wire and a doable wire code ; and the signals appear as deep blue marks 
upon the paper. Supplies of paper saturated with the solution are kept in reserve.i 
This is unquestionably a telegraph of extreme simplicity. It has been employed with 
much success. 

Mr. Whitehoose prepared for the Atlantic Telegraph a system in which motion 
and chemical action each play their part. The secondary currents that he employed 
were not able to produce the chemical decomposition that he requires for his signals. 
He therefore received them in a very sensitive relay, either an electro-magnet or a 
multiplier. . The relay was a contact-maker, and connected the necessary number of 
local batteries with the printing apparatus, which consists of a ribbon of paper, satu- 
rated with a chemical solution and pussing between a drum and a steel point 

We should exceed our limits, were we to attempt the description of spine of the many 4 
other forms that have been proposed. The above arc good illustrations of the leading 
principles, and are all in successful use. Some telegraphs will print in ordinary cha- 
racters ; this result is only attained by much complexity ; and its value is more than 
questionable, it being as easy to learn a new code as anew alphabet ; and telegraph clerks 
read their signals as readily as they read ordinary writing or printing, and they acquire 
their knowledge in a very short time. Hence probably it is that telegraphs to print 
in ordinary characters are bnt little known in real practice ; nevertheless, some very 
promising instruments of the class have been produced, by House, and especially one 
more recently by Hughes, both of the United States. The following table has been 
drawn out as an illustration of the codes of some of the chief instruments that liave 
been the subject of this article. It shows the number and nature of the signals (de- 
flections, dots, dashes) for producing the name of the great, discoverer of electro- 
magnetism, which is the foundation of electro- telegraph. The figures on the right are 
the number of marks or signs in printing and in each kind of telegraph. 



The liheo-etectro-static system of telegraphy was first described by M. Botto, in 1848. 
It is applicable to some but not to all forms of telegraph. It baa been applied on the South 
Eastern Bailway to the signal- bells (Jiy- 704), for the purpose of reducing the amount 
of battery power required under other circumstances to be maintained. The wire, by 
whictf a pair of bells are connected* is in its normal state in permanent connection 
with the similar pole, say the poJUivc, of batteries of equal power at the respective 
stations, so that two currents of equal power are opposed to and balanced against each 
other. Under these circumstances, the wire is in a null, or rheo-electro-static state ; 
neither cur$?nt circulates. If the connection of one of the batteries is reversed, so 
that its negative pole is presented to the wire, then the currents of both batteries are 
in the saum direction, and they circulate as one current, equal in value to the combined 
force of the two batteries. The application is obvious ; that, whereas, uiffler tbe 
ordinary system, a whole battery, of force sufficient to traverse the distance and do 
effective work, must be at each station, under this system only naif such battery is 
necessary at each station, for producing the same effective work. Also, if a little 
more battery ] tower is placed at each station than is necessary for the actual work 
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required, signals of higher jjowlt are obtained finder coninfou circumstances; anil 
also the equilibrium of the two opposed currents may lie disturbed at any place 
between the two stations, and signals may be made by merely making a connection 
between the line-wire and the earth ; because the negative pole ut each station is fitted 
ftp in permanent connection with the earth ; and, Us the positive poles are in like 
connection with the line* wins each battery current is made to circulate through its 
own signal-belk* every time the earth and line-wire are placed in connection. By this 
means the gnard of a traio can make signals of distress to the nearest station without 
the aid of portable apparatus. Considerable care is required to obtain good communi- 
cation with the earth on the open railway for making distress signals, or otherwise the 
discharge is imperfect, and no signal is made. Fish-jointed rails ore very valuable for 
this purpose ; in their absence especially ut embankments, inetal must be buried for 
the purpose at intervals in the moist earth, and u wire attached for use. Contact 
springs on the telegraph poles are promised. 

v ^ Telegraph wires are suspended to poles by in- 

715 sulators of earthenware, glass, or porcelain; the 

material and shape varying according to the ex- 
perience of the engineer and the length of line 
to be insulated. In very short lengths, the battery 
power required for oveiuoming the resistance is 
not great ; it will therefore not overcome the resist- 
ance of an insulator of moderate quality, and escape 
to the pole and thence to the earth ; but the battery 
power required to overcome the resistance of very 
long lengths of wire is equally able to overcome 
the resistances presented by inferior insulators, and 
to escape in considerable quantities at every pole; 

so thuL the force which reaches the far 
«lb station would not be equal to its work. 

It is for these lpng lines that the 
greatest ingenuity has been expended 
in constructing insulators. Fine ftorcc- 
lain is most in fuvour from its present- 
ing a very smooth surface, and being 
less hygrowetric than glass ; and it is 
distorted into most mysterious looking 
shapes in order to present as great a 
distance, and one as niueh sheltered us 
possible, between the part, with which 
the line- wire is in contact, and the 
part that is in contact with the pole. 

For subterranean and submarine 
wires still greater cure is necessary, 
becuiuc they arc in the very bosom of 
the earU or sea, to which the current 
will escajM!, when and where it tan, 
in order to complete the discharge;. 
Fig. 715 represents the cable that lias 
been lying in the British Channel be- 
tween Dover and Calais, since Sep- 
tember, 1851. It contains four No. 
16 copper wires, each wire is doubly 
covered with gutta-percha. The four 
wires are then twisted into a rope ; 
und the rope is thickly covered, first 
with hempen yurn, tarred/ and finully 
with% jacket often No. 1 iron wires. 
The cable is shown in perspective and 
in section. Fig. 716 shows the per- 
spective und section of /he Irish, a 
single wire cable. It consists of a 
single central eondtetor, dif one No. 
16 copper wire, doubly covered with 
gutta percha, then with hempen yarn 
as before ; and finally with a protecting 
« . . V1 a jacket of ten No. 8 iron wires. The 

Calais cable weighs 7 tons per mile ; the Irish, 2 tons per mile. The Atlantic 
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telegraph cable, whiuh nearly 3000 miles were prepared, is in section, just the size 
of a silver threepenny piece. It is a single wire cable, the wire was a strand of sewn 
No. 22 copper wires, trebly covered with gutta perclia, then with yarn, and protected 
with eighteen strands of seven wires each, of No. 22 iron wire. It weighs 19 cat. 
to the mile. This cable is lost. The iron jacket is in disrepute uow for deep sea 
cables. Hemp is preferred. 

Telegraph signals pass with far less rapidity through buried and through subma- 
rine wires, than along the ancient aerial wires. The slow travellings mentioned 
above, were through wires of this kind. We must refer to treatises on Electricity 
for full details of the conditions presented by a telegraph cable. In practice it is 
found that on first sending a signal into a submerged wire, the electricity is de- 
layed on its road, in order to produce a certain electrical condition upon the surface 
of the gutta perclia that is in immediate contact with the conducting wire. Nor is 
this all ; before a second distinctive signal cuu be sent, it is necessary that the con- 
dition produced by the first signal shall be destroyed ; and this ift uu operation, 
requiring even more time than was consumed in the mere act of producing it. These 
two classes of retardation, especially the latter, were largely manifested in the Atlantic 
cable ; and have calk'd forth all the ingenuity of electricians, in order to mitigate ot- 
to modify them. — C. V. W. 

The importance of deep sea telegraphs is such, that it appears necessary to add 
something to the description given by Mr. Walker. The following remarks were 
written by the editor for a scientific journal, at the time when the failure of the 
Atlantic experiment was attracting all attention. Notwithstanding the success ot 
the lust attempt to lay the cable, it is believed that the following pages contain all 
that is necessary for the purposes of this dictionary. — 11. 11. 

The Dover and Ostend cable was laid on the 6th of May, 1853. This cable 
C/m/. 716 if.) is 7U miles long; it is composed of six copper wires, insulated by 
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From l’t. Patrick to Doiiugiiaile? 

( I s.'i3. Lon Kth £> miles), 
and Spcaxia to Corsica, 110 mile*. 

a coaling of gutta pcrcha, which are essentially the electrical cable, and these are 
secured by an armour of twelve iron wires. The whole rope was capable of sus- 
taining a strain of ubout 50 ions ; weighed seven tons per mile, making a total 
weighi of nearly 500 tons. It was made by Newall & Co. , in one hundred days, its cost 
being £33,000. It required seventy hours to coil it into the ship, and it was suh-^ 
merged in the sea, from Dover to ()steiid. in eighteen hours. The arrangement ot 
the inner wires did not prove entirely satisfactory. 1 

A ft if the spec-ess in sinking the Dover and Ostend cable, Messrs. Newall & 1 o. 
commenced laying a cable from IVmaghadee, in Irelaud, to Port Patrick, in Scotland, 
across the Irish Channel. This cable was of the same weight and size as Jig. 716m, 
but the conducting wires were differently arranged, as seen in Jig. 716 6. The 
drawings given are of the natural sue. This cable was made in twenty-tour, da \ s, 
and ut a cost & £13,000. The Mediterranean cable is of the same construction us 
that across die Iri*lt( 'liuuucl, and was laid in 1 854. This line runsfrom . 

Island of Corsicu. Over this there is a lundline extending to the Straus of Boiflfaeio, 
where a short submarine line of seven miles runs to the Island of Sardinia. Across 
this island there is u line 203 miles long, terminating at < upe Spartivcnto. lhe 
telegraphic cowiHuuicati-u between the Island of Sardinia and Africa seems to 


ChIiIp from Dover to Ohtrnd 
(IH53. Longtli To milt'll), 

* ami Zuytlvr Kcc, 5 mile*. 
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have been surrounded with great difficulties* Two attempt^ were .Unsuccessful, but 
the third proved, by its success, that pcrs/verancc accompanied by judgment 
usually attains the end desired. This cable, also made by Messrs. Newall, was com- 
posed of ffour sets of conducting wires, and these, in the deep-sea portion, were 
protected by eighteen iron wires, while the shore end was surrounded by twelve 
much stouter wires. The shore cable was six miles in length. The distance be- 
tween Cape Spartivento, in Sardinia, and Bona, on the African coast, is 125 miles. 
Messrs. Newall & Co. also made the cable which unites Malta and Corfh with 
Sardinia. As shown in the sections (fig . 716 5), the electrical cord is composed 
of seven small wires twisted together and insulated by a thick layer of gutta- 
percha. The deep-sea portion is protected by eighteen small iron wires ; while 
the shore end is covered by an armour of ten stout iron wires, and which is conse- 
quently much heavier than the deep-sea cable. The weight of the deep sea section 
of this cable is 1,960 lbs. per mile, and its total cost was £125,000. These may be 
% regarded as typical examples of nearly all the submarine electrical cables which 
have beeu laid. 

It becomes necessary to give a little more in detail the description of the Atlantic 

cable of 1858 (fig . 716 c). The 
electrical conductor was a copper 
strand, consisting of seven wires 
— six laid roand one, forming in 
fact, as far as electricity is con- 
cerned, only one wire. This 
weighed 107 lbs. per nautical mile 
of 2,028 yards. It was carefully 
insulated with gutta perclia, laid 
The Atlantic Cable, 1858. Length, 1G70 Miles. on in three coatings, and weigh- 

ing 2G1 lbs. per nautical mile. 
Eighteen strands of charcoal iron -wire — each strand composed of seven wires, six laid 
round one— laid spirally round the core. This was, however, previously padded with 
a serving of hemp, saturated with a mixture of Stockholm tar. The weight of this 
cable in air was 20 cwt per nautical mile, while in water it was only 13*4 cwt This 
made it equal to 4*85 times its weight in water ; or capable of bearing its own weight 
in a little less than five miles deep of that fluid. Its breaking strain was estimated 
to be 3 tons 5 cwt. 

The unfortunate failure of this enterprise in which both Europe and America 
were equally interested — led to considerable discussion, and to a careful examination 
of all the conditions which were supposed to influence such electric cords. All the 
laws regulating the flow of an electrical wave were re-examined by some of our best 
electricians, and many previous conclusions received some correction. It had been 
supposed that au insulated submarine wire conducts according to a different law to 
that of a suspended circuit This difference was thought to depend upon a system of 
induced earth currents influencing the submerged wire, which would not influence a 
wire when suspended in the air. A simple example to render this clear to the uon- 
scientific reader may be necessary. If a wire insulated by means of gutta-percha, 
or any other non-conducting substance, is connected, so as to complete the circuit, 
with the two ends of a voltaic battery, a current is said to flow through it. This 
means that on electrical wave of motion U propagated along it in a given direction. 
If another copper-wire is pluced near it — though not in contact with either it or the 
battery— another current, or wave* is generated, Jhat is, induced , in it. This induced 
current interferes, to a greater or less extent, y^th the primary current; and where 
great lengths of cable are concerned it becomes an element of serious consideration. 
If a coated wire is placed on the earth, and an electrical current is established in iti 
the earth acts the part of the second wire and induction is developed on its surface 
Mr. S. A. Varley has examined this problem with much care, and has arrived at the 
following conclusions. In a suspended wire the insulatory medium ofttbe aft* takes 
place of the gutta-percha of the submarine circuit. The earth, which is the 
nearest conductor, is a considerable distance off, and is only on one side of the wire * 
therefore but little induction can take place between the wire and the earth. Never- 
theless, induction to a certain extent does take place, and it can be detected with de- 
licate apparatus in circuits of very moderate lengths. If the distance between the 
wire qpd the earth is decreased, induction will he developed mors strongly, and tbe 
wire could be brought down step by step, until the condiiion of a submarine circuit 
would be approached, where the earth surrounds the wire on all sides, and is oftlv 
separated from it by the thickness of one-eighth or three sixteenths of an inch of 
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gutta-percha, a substring possessing, jnoreover, specifically a much greater inductive 
capacity than air. It, therefore, appears that the conditions are precisely the same, 
only differing in degree. It is, nevertheless, evident from this, that a submarine wire 
is placed under circumstances of greater difficulty than those which surround an 
aenal wire. This difficulty increases with the length of the wire, retardation be- 
coming more and more powerful as the distance through which the wave has to move 
is extended. A submarine cable may be regarded as a Leyden jar ; and the telegraphic 
indications are analogous to the discharges of a coated glass. An impulse is given 
by making a connection with a voltaic buttery at one end of a wire suspended in air 
— and it indicates telegraphically by producing magnetic disturbance at the other — 
and a succession of impulse's will rapidly give a succession of indications. Now, in 
an insulated submarine wire this is not exactly what takes place. A distinction lias to 
be drawn between the simple arrival of a current ■ which may be regarded as instan- 
taneous — and the production of a telegraphic signal. After having charged the 
wires sufficiently to develope an appreciable current, owing to the wine taking some 4 
time to empty itself, if currents are sent in succession with any rapidity, they will 
blend into one another, and, instead of getting a series of distinct impulses at the 
further extremity, a continuous undulating wave will be •btained. This sluggish - 
ness has been obviated, to a great extent, in circuits of moderate length, by em- 
ploying opposite currents of electricity in succession. The effect of this iB to absorb 
tbe preceding wave, and to neutralise it much more quickly than would be the case 
if the wire were left to discharge itself in the usual way. Iu a suspended wire, as 
there is but little induction, there can be no accumulation of static charge worth 
noticing ; whereas a submarine wire, unless attention be paid to this, becomes useless 
for telegraphy. 

The electric conductor of the Atlantic cable is formed of seven u ires, six oroun-l 
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Thu Atlantic Cable— Shore F.ndi, 1865. 


one (fig. 716 c/.) 8evcn wires are used rather than one to give greater freedom 
to th% electricity in passing by presenting a more extensive surface to it There 
are mechanical reasons also why a band of wires is preferable to one wire. The 
most serious accident that can hfppen to a submerged wire is its severance. Copper 
wire cannot always be depended upon to present the same amount of strength in 
every part It frequently happens that an inch, or even a less portion of a wire, 
is crystalling, and therefore liable to break in beiug coiled. . By using seven sections 
instead of one, the probability of a fatal breach of continuity is greatly reduced. It 
is seared/ to be fcpected that seven weak places would occur at the same sgot, and, 
if a single wire were broken, it would not interfere, to^ any seusible degree, with the 
passage of the current. In constructing the Atlantic cable, however, the utmost 
• care prevailed in every department Every portion of the copper wire was submitted 
to exact examination, aud uo win* w»a used which possessed a lower conducting 
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power than 85 per cent, of that of pure coping The insulation of this conductor 
was thus effected. The centre wire of the copper strand was firBt covered with 

Chatterton’s compound " (that is, gutta-percha rendered viscid with Stockholm tar). 
This first coating was so thick that, when the other six wires forming the strand 
’ were luid spirally around it, every interstice became filled and air excluded. The 
mechanical solidity of the core thus formed was very great. This cable is nearly three 
times as heavy os the old Atlautic conductor, its weight being 300 lbs. to the 
nautical mile against 107 lbs. The complete exclusion of air, which is a most impor- 
tant object, is believed to be effected by this arrangement. The conductors of some 
cables have suffered from their being to some extent loose with their insulating 
covering. The core being thus formed, next received another qpatiug of < -hatterton’s 
compound which quickly solidifies, and thus thoroughly protects the whole. It wax 
then surrounded with a coating of the purest gutta-pcrclm, which was pressed round 
u it in a plastic state, by means of u very accurate die, and sheathed the core in a con- 
tinuous tube. Over this was again laid another coating of Chattertou's compound, 
for the purpose of effectually closing up uny pores or flaws which may have escaped 
detection in the gutta-percha tube. To tliis covering succeeds a second tube of 
gutta-|>ercha, then another coutiug of Chatterton’s compound, and so on alternately 
until the wire wus covered with lour coatings of guttu-]>erclta, and four of the com- 
pound. This being completed, it weighs 4UU lbs. to the nautical mile. Tt is well 
known that the insulating power of gutta-percha sensibly decreases by heat The 
whole of the conductor wus immersed in wuter of a temperature of 75° Fahr., in 
which it remained for 24 hours, and during that time it was constantly submitted to 
electrical tests. The core, after having been subjected to this and other tests to 
prove the perfect character of its insulation, was then submitted to the process of 
being protected by its iron-wire armour. 

Jute, which had been submitted to the action of catechu, in order to preserve it 
from dccuy, was very carefully wrapped round the core, and us fust us the wruppiiig 

proceeded, it was coiled in water. If the wuter 
at any time penetrated to the wire, it would at 
once conduct away the electric current to the 
earth, and the loss of insulation would be at once 
detected. This wrapping of jute is surrounded 
by ten wires manufactured from homogeneous 
iron ; each separate wire being itself, in the first 
instance, covered with tarred Manillu yarn, by 
which the iron was protected and the specific 
gravity of the mass lessened, liy a very in- 
genious arrangement, which our space will not 
allow' us to describe, the teu wires covered with 
the tarred Manilla hemp are spirally wound 
round the core, and the deep-sea cable is com- 
pleted. The section and side view of the electric 
cable will be fully understood by reference to 
Juju. 71 6rf and 716/. As the shore end of any cable is more exposed to the action 
of the waves than those parts are which remain in a state of rest at the bottom of 
the deep sea, it becomes necessary to give this portion a greatly increased degree 
of protection. Fiy. 716 c, which is of the exuct size of the shore end of the 
Atlantic cable, will fully illustrate the conditions of this portion. This ” shore end ” 
is the largest ever yet constructtd. The core was formed by the main cable, 
which was wrapped with a serving of yarn t> a size sufficient to receive round 
it twelve strands of iron wire, each strand being composed of three galvanised 
iron wires, each of which being nearly a quarter of an inch in diameter, the weight 
of the completed shore end was nearly 20 tons to the mile. Its diameter is 2j inches, 
hut at its junction with the main cable it is made to taper down to the size of the 
latter by a gradual diminution in diameter extending over 500 yards. •This'shore 
end was laid out for about 28 miles from the cd&st of Valentia Island, when it 
reached water of the depth of 100 fathoms. From Hope's Content, Newfoun dlan d, 
about 8 miles of shore cable only would have l>ccii reqitirt'd. 

The weight of the deep-sea cable — according to the Compuny's Rtutigncnt — in air 
was 35 cwt. 3 qrs. per nautical mile of 2,028 yards. Its weight in water, 14 cwt. 
to eacl^nautical mile, or equal to 1 1 times its weight in water pfr knot ; thut is to 
say, it will bear its own weight in 1 1 miles deep of water. ItH breaking strain was 
7 'tons 15 cwt. The length of cable shipped was 2,300 nautical miles; the actual 
distance from the point of departure, Valentia, on the west of Ireland, to the point. 
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Heart's Content, in Trinity Hay, Newfoundland, on which it was to have been 
landed, being 1,63*) nantical miles. 

As every one knows, /bis great es|>eriment failed, the cable breaking when the 
1 Great Eastern ’ had reached the mid- Atlantic. Another experiment is abont to be 
tried, the only difference in the new and the old cable being that the hemp is unpro- 
tected by any tar (June 16, 1866). 

The experiment here referred to has been mode, and the result has proved in the 9 
highest degree satisfactory. Not only has the new cable been securely lowered to 
its ocean-bed in the depths of the Atlantic, but the old cable has been recovered, 
and we have now two electrical nerves uniting the new with the old continents. 
These electric cables have now been for some time in constant nse, and their 
powers of transmitting electric currents appear to improve. The success which has 
attended the laying of the Atlantic cables has led to the serious consideration of 
several other gigantic undertakings of a similar character. 

ELECTRUM, or ELECTRON. Amber was so called by the Greeks, and from 
it we derive our electricity. The Romans used the term at first, for a compound of 9 
gold and silver, which was of the colour of amber ; subsequently it was applied to a 
definite mixture of gold and silver, used for coins. 

Native alloys of gold and silver are now called electrums, when they contain 
sufficient silver to make their colour lighter, and their specific gravity less tlian that 
of gold. According to Klafrroth, electrnm is gold G4, silver 36. Ilausmann applies 
the term to native alloys that contain from 20 to 50 per cent of silver. 

A base metal in modem nse has received the name of electrum. It is an alloy of 
copper, xinc, and tin, with sometimes nickel. 

ELEMENTS. This name is now given to bodies which have not been reduced 
to any more simple form of matter than that in which wc find ihein. The 
elements of the ancients, air, fire, ettrlk and water, had quite a different meaning 
from the elements of the modem chemist so had the salt , sulphur and mercury of the 
early alchemists. In their philosophy those terms represented the ultimate forms 
into which matter could he resolved, or out of which all matter could be created. 
The number of elements at present known is G3 ; two others, Dianiuni and Norium, 
are of very doubtful character. 

List of nou- Metallic Eh went*. 


Hydrogen 

_ 

SymlHil. 

H 

Atomic Wcij 
1 

Oxygen - 

- 

O 

8 or 16 

Nitrogen - 

- 

N 

14 

Carbon - 

- 

c 

G or 12 

Sulphur - 


s 

32 

Phosphorus 

- 

p 

31 

Chlorine - 

- 

Cl 

35*5 

Fluorine - 

- 

F 

IV 

Iodine 


I 

127 

Bromine - 


Br 

80 

Selenium - 

- 

Se 

79 


For the metallic elements sec Eqi ivalksts, Chemical. For a full examination 
of tlic laws regulating the chemical relations of these bodies, tbeir atomic constitu- 
tion, & c. see Watts' ** Dictionary of Chemistry.” 

ELEMI. This appears to be the resinous product of various terebinthinous 
trees. The Edinburgh College slates it to be a “ concrete resinous exudation from 
one or more unascertained plants.*' And the Lftndon Pharmacopoeia describes it 
as a concrete turpentine derived lVoin !n unknown plant. In the former edition Amyris 
Elemifera was named as the plant producing this resin. This error was due to 
Linnoeus, who confounded under one name two distinct plants. The larger quanti- 
ties of Elemi come to us from the Dutch settlements through Holland. It is iin- 
portedtin “ tfy lump ,” and in masses weighing from one to two pounds, each enveloped 
in a palm leaf. Elemi is employed in making lacquer. See Varnish. 

ELEPHANTS* TUSKS. See Ivory. 

ELEPHANTS’ URINE. The celebrated Indian yellow or 7Vr«*e is said to be 
a mixture of the earthy phosphate and urea deposited from this. 

ELEUTIlfATE. ( Sautircr , Fr. ; schlemmen , Germ.) When any insoluble powder 
■nch as chalk is diffused throngh a large body of water, and then allowed to subside 
slowly, of course tnc larger particles will by their gravity he the first ro subside. If 
then the supernatant liquor is poured off, or better, if drawn off by u siphon, the finer 



190 


ELM. 


powder will be collected in tbe next vessel ; and bj repeating this process an im- 
palpable powder may be obtained. This process is called Eleutru turn. 

. ELEVATORS FOR MINES. Under thfc name MesStrs. Alexander Alison and 
John Shaw have recently patented an arrangement for M Raising water and minerals 
from collieries and mines, and for other purposes." There is much ingenuity in the 
arrangements proposed, which arc in j>oint of fket modifications of the systems 
** adopted by the Pneumatic Dispatch Company. The principle involved will be 
sufficiently understood from the following description, taken from the specifications 
of the patentees. A cylinder or tube is placed in the shaft which rises a few feet 
above the top of it, and reaches to a few feet below the bottom of tbe mine; this 
cylinder is made of malleable or cast iron, or other suitable metal or material, and 
of a diameter according to the weight of minerals, water, or other substances to 
be lifted. In this cylinder or tube a double-headed piston works, and between 
the two heads of the piston a fixed or movable receiver, or barrel, or waggon is placed, 
which holds the mineral or water to be raised. 

An air pump worked by a steam-engine or water wheel, or other power, is used for 
forcing air dewn the shaft in a tube, which air passes into the cylinder below the 
under piston head. Forcing only may be used, but exhausting and forcing may be 
used in conjunction. When the load is put in at the bottom, a valve is opened so 
that the air is introduced' under the piston, which with its load then rises to the top ; 
on arriving at the top the load is removed, and on an escape valve at bottom being 
opened, the piston descends, and the air which escapes ventilates the mine. Tliu 
elevator not only acts as an elevator and ventilator, but provides a safe and expe- 
ditious mode of conveying workmen up and down the shaft. 

The other improved elevator may be described thus : — Air is forced by an air- 
pump, worked by steam or other power, down a tube into one or more cisterns in the 
bottom of the shaft, into which the water of the mine runs. The water is in this 
way forced up to the surface through another tube. The ciBtcm or cisterns are 
fitted with self-acting valves, which open and shat by means of a float. As the air 
escapes from the bottom this elevator acts as a ventilator as effectually as the one 
previously described. See Man- Engine. 

ELIASITE. An ore of Uranium. A mineral allied to pitchblende, but differing 
from it widely in its large proportion of water and lower specific gravity (4-086 
to 4-237). 

It occurs with flnor, dolomite, quartz, &c., at the Elias mine, Joachimstal (whence 
its name), in large flattened pieces, sometimes half an inch thick, of a dull reddish- 
brown colour, approaching to hyacinth-red on the edges. 

It is subtranslacent, with a greasy sub vitreous lustre, and affords a dull streak, 
varying from wax-yellow to orange. Hardness between calcite and fluor spar. 


It is composed of Peroxide of Uranium - 61-33 

„ Alumina - - - - - - 117 

„ Feroxide of iron - - - - - 6*63 

,, Protoxide of iron • - - - 1-09 

„ Lime - 3-09 

„ Magnesia 2 20 

„ Oxide of lead 4*62 

„ Silica 5*13 * 

„ Carbonic acid - - - - - 2 52 

„ Phosphoric acid. 0-84 

., Water 10-68 

• 99-30 


Before the blowpipe it affords a reaction like pitchblende, decomposed by muriatic 
acid.— JL W, B. 

ELIXIR OF VITRIOL, a preparation of sulphuric acid, with some aromatics. 

ELM. ( Utmus. Orme, Fr. j Ulme, Ger.) Of this European timber tree there are five 
species. The Utmus campestri *, the English Elm, is regarded in this country as 
oue of tbe finest of European deciduous trees for park scenery ; it lives for upwards 
of 200 years, forming a remarkably straight tall trunk. The quality of timber 
depends a good deal on the soil in which it is grown, being always best on a dry, 
loamy soil, and plenty of air. The Utmus montana , the Mountain-Scots or Wych 
Elm: the trunk is not so lofty nor the wood so heavy as the English Elm; and 
though coarse grained, is very highly prized by shipbuilders find Cartwrights. It 
ixusesses great longitudinal adhesion, and is consequently one of our stiffest and 
straightest timbers. These woods are not liable to split, and bear the driving of 
nails or bolts better than any other timber, and are exceedingly durable when con- 
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stantly wet They are therefore much used for the keels of vessels, and for wet 
foundation^ waterworks, piles, pomps, and boards for coffins. On account of its 
toughness, it is selcctea for the naves of wheels, and for the gunwales of ships. 

ELVANS. Granitic and felspathic porphyritic rocks, which are. frequently found 
traversing both the granite and slate rocks. 

“ The Elvans or veins of qnartsifcrons porphyry — that is, a granular crystalline 
mixture of felspar and quarts which are common both in Cornwall and Devon, and 
near the granite of the south-east of Ireland — are probably in reality granite veins, 
or veins preceding from a granitic mass .**— Jukes. * 

“ When these granite veins are of a large sise they are termed Ebon courses ; indeed 
this is the only distinction between these two forms of elongated masses of granitic 
rock. In composition these elvans are either shorl rock, enrite, felsparite, or even 
varieties of fine-grained granite." — Boast. 

EMAIL OMBRANT, a process which consists in flooding coloured but transparent 
glases over designs stamped in the body of earthen ware or porcelain. A plane surface 
is thus produced, in which the cavities of the stamped design appear as shadows qf 
various depths, the parts in highest relief coming nearest the surface of the glase, and 
thus having the effect of the lights of the picture. This process was introduced by 
the Baron A. De Tremblay of Rubelles, near Melon. 

EMAUX CLOISONNES. A process of enaxnellirife metals. The vases from 
China, probably some 500 or 600 years old, are enamelled by the true cloisonnes process. 
The method employed in the East, including China, was to brace on to a plain 
surface of metal, the bars or cloisons which were intended to hold the coloured paste 
which was to be vitrified in the enamel furnace. In France those cloisons are now 
produced by the electrotype process, and many beautiful designs result from the 
facilities thus afforded of producing this beautilul mixture of metal and enamel — the 
• 6maux cloisonni* a champ levi. n 

EMBALMING. ( Embaunutment , Fr. ; Einbalsamirung , Germ.) An operation 
employed by the ancients to preserve human bodies from putrefaction. From their 
using balsams in the process, the name was derived. See Disinfection, Putub- 

F ACTION. 

EMBOLITE. A chloro-bromide of silver found in Chili. It varies in colonr 
from an asparagus green to an olive green, is perfectly malleable, and of resinous 
lustre. 

EMBOSSING. One of the plans introduced for embossing cloth by machinery 
which appears to be the most effective, is that of Mr. Thomas Greig, of Rose Bonk, 
near Bury. This machine is thus constructed. 

Figs. 7 17, 7 18 represent three distinct printing cylinders of copper, or other suitable 
material a, b, c, with their necessary appendages for printing three different colours 
upon the fabric as it passes through the machine ; either of these cylinders a, b, or c, 
may be employed as an embossing C) Under, without performing the printing process, 
or may be made to effect both operations at the same time. 

The fabric or goodB to be operated upon being first wound tightly upon a roller, 
that roller is to be mounted upon an axle or pivot, bearing in arms or brackets at the 
hack of the machine, as shown at d. From this roller the fabric a, a, a, a, is conducted 
between tension rails, and passed under the bed cylinder or paper bowl k, and from 
thence proceeds over a carrier roller f, and over steam boxes not shown . in the 
drawing, or it may be conducted into a hot room, for the purpose of drying the 
colours. 

The cylinders a, b, and c, having cither engraved or raised surfaces, are connected 
to feeding rollers 5, 6, 6, revolving in the ink or coloured troughs, c, c, c ; or endless 
felts, called sieves, may be employed, as in ordiifliry printing machines, for supplying 
the colour, when the device on the* surface of the cylinders is raised ; these cylinders 
may be furnished with doctors or scrapers when required, or the same may be applied 
to endless felts. 

The blocks have adjustable screws g, g, for the purpose of bringing the cylinder* 
up against^be paper bowl with any required degree of pressure ; the cylinder b is 
supported by its gudgeons running in blocks, which blocks slide in the lower parts of 
the side frames, and are connected to perpendicular rod* i, having adjustable screw 
nuts. 

The lower parts of these rods bear upon weighed levers k , A, extending in front of 
the machint ; and by increasing the weights /, /, any degree of upward pressure may 
be given Jo the qylinder b. . , - , 

The colonr boxes or troughs c, c, c, carrying the feeding rollers b, o, o, are nxea 
on boards which slide in grooves in the side frames, wd the rollers are adjusted and 
brought into contact with the surface of the printing cylinders by screws. 
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If a black cloth should be required to be introduced between the cylindrical bed or 
paper bowl e, and the fabric a a a, hr the ordinary felt or blanket, iteniny, for printing 


and embossing cotton, silk, 
or paper,' be of linen or 
cotton ; but if woollen 
goods are to be operated 
upon, a cap of felt, or some ^ 
■nch material, must be c "^ 
bound round* the paper 
bowl, and the felt or 
blanket mnst be nsed for 
the back cloth, which is to 
be conducted over the 
rollers n and i. 

For the purpose of em- 
bossing the fabric, either 
of the rollers a, n. or c, 
may be employed, olwerv- 
ing that the surface of the 
roller must be cut, so as to i 
leave the pattern or device 
elevated for embossing 
velvets, plain cloths, and 
papers ; hut for woollens _ . 



the device mnst be exca- 


vated, that is, cut in re- 
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cess. 

The pattern of the em- 
bossing cylinder will, by 
the operation, be partially 
marked throngh the fabric 
on to the surface of the 
paper bowl F. ; to oblite- 
rate which marks from 
the surface of the bowl, ns 
it revolves, the iron cylin- 
der roller o is employed ; 
but as in the embossing of 
the same patterns on paper, 
a counter roller is required 
to produce the pattern per- 
fectly, the iron roller is in 
that case dispensed with, 
the impression given to the 
paper bowl being required 
to he retained on its surface until the operation is finished. 

In this case the relative circumferences of the embossing cylinder, and of tlie .pnp- r 
howl, must be exactly proportioned to each other ; that is, the circumference of the 
howl must be equal, exactly, to a given number of circumferences of the embossing 
cylinder, very accurately measured in order to preserve a perfect register or coin- 
cidence, as they continue revolving between the pattern on the surface of the em- 
bossing cylinder and that indented \nto the surface of the paper bowl. 

The axle of the paper l>owl E, turns in brasses iitted into slots in the side frames, and 
it may be raised by hand from its bearings, when required, by a lever A, extending in 
front. This lever is affixed to the end of a horizontal shaft t, l, crossing the machine 
seen in the figures, at the back of which shaft there are two segment levers i\ i\ to 
which bent rods q, q, are attached, having hooks at their lower ends, passed und-r the 
axle of the howl. At the reverse end of the shaft l, a ratchet-wheel r, is aflixed, and 
a pall or click mounted on the side of the frame takes into the teeth of the wheel r, 
and thereby holdB up the paper howl when required. 

When the iron roller a, is to be brought into operation, the vertical screws t, f, 
mounted in the upper parts of the side frames, are tnrned, in order to bring down the 
brasses n, which carry the axle of that roller and slide in slots in the side frames. 

The cylinders a, b, and c, are represented hollow, and may be kept at ahy desired 
temperature daring the operation of printing, by introducing steam into them ; and 
nnder the colour boxes c, c, c, hollow chamliers are also made for the same purpose. 
The degree of temperature required to be given to these must depend upon the nature 
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of the colouring material, and of tlie poods operate d upon. For the pnrposc of con- 
ducting steam to these 'hollow cylinders and colour boxes, pipes, us showu at n, r v, 
are attached, which lead from a 6team boiler, llut when either of these cylinders’ is 
employed for embossing alone, or for embossing and printing at the same time, and 
particularly for some kinds of goods where a higher temperature may he required, 
red- hot heater is then introduced into the hollow cylinder in place of steam. 

If the cylinder B, is employed as the embossing cylinder, and it is^iot intended to 
print the fabric by that cylinder simultaneously with the operation of embossing, the 
feeding roller b , must be removed, and also the colour box c, belonging to that cylin- 
der; and the cylinders a and c are to he employed for printing the fabric, the one 
applying the colour before the embossing is effected, the other after it. It is however 
to he remarked, that if a and c are to print colours on the fabric, and b to emboss it. 
in that case it is preferred, where the pattern would allow it. a and c arc wooden 
rollers having the pattern upon their surfaces, and not metal, os the embossing cylin- 
ders must of necessity be. ‘ m 

It will be perceived that this machine will print one, two, or tlirtfc colonrs at the 
same time, and that the operation of embossing maybe performed simultaneously with 
the printing, by cither of the cylinders a, b, or c, or the operation may he performed 
consecutively by the cylinders, either preceding or succeeding each other. 

The situations of the doctors, when required to be used for removing any super- 
fluous colour from the surface of the printing cylinder, arc shown at r/, //, of; those 
for removing any lint which may attach itself, at c, e, c. They are kept in their 
bearings by weighted levers and screws, and receive a slight lateral movement to and 
fro, hy means of the vertical rod ni , which is connected at top to an eccentric, on the 
end of the axle of the roller u, and at its lower end to a horizontal rod mounted at 
the side of the frame ; to this horizontal rod, arms are attached, which are connected 
to the respective doctors ; and thus by the rotation of the eccentric, the doctors are 
made to slide laterally. 

When the cylinders a, b, or c, arc employed for embossing only, those doctors will 
not be required. The driving power is communicated to the machine from any firs', 
mover through the agency of the toothed gear, which gives rotatory motion to the 
cylinder n, and from thence to the other cylinders a, and c, by toothed gear shown in 
Jiff. 717. 

EMBOSSING l.E ATIIEIl. Beautiful ornaments in basso-relievo for decorating the 
exteriors or interiors of buildings, medallions, picture-frames, cabinet work, & c., ha-** 
lieen recently made by tlie pressure of metallic blocks and dies by M. Claude Schrwli. 
The dies are made of type metal, or of the fusible alloy with bismuth, cal led d’Arccts. 
The leather is beaten soft in water, then wrung, pressed, rolled, and fulled us it were, 
by working it with the bands till it becomes thicker and quite supple. In this state 
it is laid on the mould, and forced into all its cavities hy means of a wooden, horn*, or 
copper tool. In other cases, the cmlu»sing is performed by the forcer of a press. Hie 
leather, when it lias become dry, is easily taken oif the mould, however deeply it may 
be inse rted into its crevices by virtue of its elasticity. 

EMBOSSING WOOD. (Bossagr, Fr.; Erhuhcncs, Arbeit, Germ.) Raised figures 
upmf wood, such as are employed in picture-frames, and other articles of oruamentul 
cabinet work, are usually produced by means of carving, or by easting the pattern in 
plusiM* of Paris, or other composition, and cemeutiug, or otherwise fixing it on the 
surface of the wood. The former mode is expensive ; the latter is inapplicable on 
many occasions. The invention of Mr. Streaker may be used either by itself, or in aid 
of carving, and depends on the fact, that if a depression be made by a blunt instrument 
on the surface of tlie wood, such depressed part wit again rise to its original level by 
subsequent immersion in tlie water. • 

Tlie wood to be ornamented having been first worked out to its proposed shape, is in 
a state to receive tlie drawing of the pattern ; this being a put on a blunt steel tool, or 
ImrniHlicr, or die, is to be applied successively to all those parts of the pattern intended 
to he iu relief, ami, at the same time, is to be driven very cautiously, without breaking 
the grain of the wood, till the denib of the depression is equal to the intended pro- 
minence of the figures. The ground is then to Ik? reduced by planing or filing to tlie 
level of the depressed part ; alter which, the piece oF wood being placed in water, 
either hot or cold, the jxirt previously depressed will rise to its former height, and will 
then form an embossed pattern, which may be finished by the usual operations of 
carving. See I'auving By Maciiinehy. . 

Another ]#occss #liieh may Ik* regarded either as carving or embossing vdxl, is 
that patented by Messrs. A. S. Braithwaitc and Co. 

Oak, mahogany, rose-wood, horse-chestnut, or other wood, is steeped m water for 
about two hours;' and the cast iron mould continuing the device is heated to redness, 
or sometimes to a while heat, ami applied against tlie wood, either by a handle, as a 
branding iron, by a lever press, or hv a screw-press, according to civcqniftunccfi ; Ihe 
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moulds are made by the iron- founder from plaster costs of the original models or 
carvings. • 

Had not the wood been saturated with water, it would be ignited, but until the 
moisture is evaporated, it is ouly charred ; it gives off volumes of smoke, but no flume. 
«\fter a short time the iron is returned to the furnace to be re-heated, the blackened 
wood is well rubbed with a hard brush to remove the charcoal powder, which being 
a bad conductq* of heat, saves the wood from material discoloration ; and before the 
rcapplication of the heated iron, the wood is again soaked in water, but for a shorter 
time, as it now absorbs moisture with more facility. 

The rotation of burning, brnsbing, and wetting is repeated ten or twenty times, or 
upwards, until in fact the wood fills every cavity in the mould, the process being 
materially influenced by the character and condition of the wood itself, and the degrees 
to which heat and moisture are applied. The water so far checks the destruction of 
the wood, or even its change of any kind, that the burned surface, simply cleaned by 
'..rush mg, is often employed, as it may be left cither of a very pale or deep brown, 
according to the* tone of colour required, so as to match old carvings of any age ; or 
n very little scraping removes the discolonred surface. Perforated carvings are 
burned upon thick blocks of wood, and cut off with the circular saw. 

EMHItOlDEHlNG MACHINE. ( Machine a brndcr , Fr. ; Stcckmaschine , Germ.) 
This art has been from the earliest times a handicraft employment, cultivated on 
account of its elegance by Indies of rank. Hut M. Heilman, of Mulhousc, invented a 
machine of a most ingenious kind, which enables a female to embroider any design 
with 80 or 140 needles ns accurately and expeditiously as she formerly could do with 
one. A brief account of this remarkable invention will therefore be acceptable to 
many renders. It was first displayed at the national ex]>osition of the products of 
industry in Paris for 1804. 180 netdleR were occupied in copying the same pattern 

with perfect regularity, all set in motion by one person. 

Several of these machines are now mounted in France, Germany, and Switzerland, 
and, with some modifications, in Manchester, Glasgow, and Paisley. 

The price of a machine having 180 needles, and of consequence 260 pincers or 
fingers and thuml>s to lay hold of them, is 5000 francs, or 200/. sterling; and it is 
estimated to do daily the work of 15 expert hand embroiderers, employed upon the 
ordinary frame. It requires merely the Inlmur of one grown-up person, and two 
assistant children. The operative must be well taught to use the machine, for he has 
many things to attend to : with the one hand he traces out, or rather follows the design 
with the point of the pantograph : with the other he turns a handle to plant and pull 
all the needles, which arc seized by pincers and moved along by carriages, approaching 
to and reading from the web, rolling all the time along an iron railway ; lastly, by 
means of two pedals, upon which he presses alternately with the one foot and the 
other, lie opens the ISO pincers of the first carriage, which ought to give up the needles 
after planting them in the stuff, und he shuts with the same pressure the ISO pincers 
of the second carriage, which is to receive the needles, to draw them from the other 
side, and to bring them back a^ain. The children have nothing else to do than to 
change the needles when all their threads are used, and to see that no needle misses 
its pincers. 

This machine may be described under four heads : 1. the structure of the frame; 2. 
the disposition of the web ; S. the arrangement of the carriages ; and 4. the construction 
of the pincers. 

1. The. structure of the frame . — It is composed of cast-iron, and is very massive. 
Fig . 719 exhibits a front elevation of it The length of the machine depends upon 
the number of pincers to be worked. The model at the exposition had 260 pincers, 
and was 2 metres and a half (about 100 inched or 8 feet four inches English) long. 
The figure here given has been shortened considerably, but the other proportions are 
not disturbed. The breadth of the frame ought to he the same for every machine, 
whether it be long or short for it is the breadth which determines the length of the 
thread to be put into the needles, and there is an advantage in giving it the full Jbreadth 
of the model machine, fully 100 inches, so that the«needlcs may carry a thread at least 
40 inches long. 

2. Uinpmitwn of titcpiece to be embroidered . — We have already stated that the pincers 
which hold the needles always present themselves opposite to the same point, and that 
in consequence they would continually pass backwards and forwards thfough the same 
hole, if the piece was not displaced with sufficient precision to bring successively op- 
posite" the tips of the needles every point upon which they are to work aMesign, such 
as a flower. 

' Tlie piece is strained perpendicularly upon a large rectangular frame, whose four 
sides are visible in fig. 719; namely, the two vertical sides at F f, and the two hori- 
sontal sides, t the upper and lower at F 7 f". We sec also in the figure two long wooden 
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rollers a and o#whose ends, mounted with iron studs, are supported upon the sides r 
of llic frame, so as tunAo freely. These form a system of beams upon which the piece 
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destined to receive the embroidery, is wound and kept vertically stretched to a proper 
degree, for each of these beams l>enrs upon its end a small ratchet wheel ff, g ; the tcetli 
of one^f them being inclined in the opposite direction to those of the other. Besides 
the system of lower beams, there te another of two upper beams, which is however but 
imperfectly seen in the figure, on account of the interference of other parts in this view 
of the machine. One of those systems presents the web to the inferior needles, ana 
the other to the upper needles. As the two beams are not in the same verticul plane, 
the plane of the web would be presented obliquely to the needles wcreit not a 
straight bar of irpn, round whose edge the cloth passes, and which renders « 
vertical. The piece is kept in tension crosswise by small brass 
string* V' «e attached, and by which it is pulled toward. ‘ 

remain, to show by what ingenious mean* this frame may be shifted in mer y powiMe 
direction. M. Heilmann has employ ed for th is purpose the pantograph which draughts, 
men use for reducing or enlarging their plans in d c't ( >rnimate proporti^ 

/, y ft yt (fig . 719) represent a parallelogram, of which the founanglc* 0, u,y , 
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b ,f are jointed in inch a way that they may become very acute or verpobtuse at plea- 
sure, while the Bides of course continue of the saim length ; the 1 sides b b' and b b ,f are 
prolonged, the one to the point (/, and the other to the point c. and these points c and 
* d are chosen under the condition that in one of the positions of the parallelogram, the 
hue c d which joins them passes through the point/ ; this condition may be fulfilled 
in an infinite number of manners, since tbe ]>osition of the parallelogram remaining 
the same, we s cp that if we wished to shift the point d further from the point b\ it 
would he sufficient to bring the point c near enough to or vice versa ; hut when we 
have once fixed upon the distance b' d, it is evident that the distance //' c is its neces- 
sary consequence- Now the principle upon which the construction of the pantograph 
rests is this; it is sufficient that the three points #/,/ and c l>c in a straight line, in 
one only of the positions of the parallelogram, in order that they shall remain always 
in a straight line in every position which can possibly he given to it. 

We sec in the figure that the side b c has a handle n" with which the workman 
).,us the machine in action. To obtain more precision and solidity in work, the sides 
of the pantograph are joined, so that the middle of their thickness lies exactly iu the 
vertical plane of tbe piece of goods, and that the axes of the joints are truly perpendi- 
cular to this plane, in which consequently all the displacements are effected. We 
arrive at this result by niakVng fast to the superior great cross bar J>" on elbow piece 
d'\ having a suitable projection, and to which is adapted in its turn the piece tt , which 
receives in a socket the extremity of the side h d ; this piece c t is made fast to d n by 
a bolt, hut it carries an oblong hole, and toforc screwing up the nut, we make the 
piece advance or recede, till the fulcrum point comes exactly into the plane of the 
web. This condition being fulfilled, we have merely to attach the frame to the angle 
/of the parallelogram, which is done by means of the piece f". 

It is now obvions that if the embroiderer takes tlic handle it" in his hand and makes 
the jiantograph move in any direction whatever, the point / will describe a figure 
similar to the figure described by the point c , and six times smaller, but the point/ 
cannot move without the frame, and whatever is upon it moving also. Thus in the 
movement of the pantograph, every point of the web describes a figure equal to that 
dcscrilied by the point/ and consequently similar to that described by the point c, hut 
six time s smaller ; the embroidered object being produced upon the cloth in the position 
of that of the pattern. It is sufficient therefore to give the embroidering operative who 
holds the handle n" a design six times greater than that to he executed by the machine, 
and to afford him at the same time a sure and easy means of tracing over with the 
point r, all ihu outlines of the pattern. For this puri>ose he adapts to c , ]H'rpendicularly 
to the plane of the parallelogram, a small style terminated by a point and he fixes 
the pattern nj>on a vertical tablet k, parallel to the plane of the stuff and the parallelo- 
gram, and distant from it only by the length of the style c c ,/ ; this tablet is carnal by 
the iron rod e\ which is secured to a east iron foot e', serving also for other purposes, 
us we shall presently see. The frame loaded with its beams and its cloth forms a 
pretty heavy mass, and os it must not swerve from its plane, it needs to be lightenal, 
in order that the operative may cause the point of the pantograph to pass along the 
tablet without straining or uncertainty in its movements. M. Heilmnnn has accom- 
plished these objects in the followiug way. A cord c attached to the side be of the 
pantograph passes over a return pulley, and carries at its extremity a weight which 
may be graduated at pleasure ; this weight cquqmises the pantograph, and Sends 
slightly to raise the frame. The lower side of the frame carries two rods n and u, 
each attached by two arms h A, a little bent to the left ; both of these arc engaged in 
the grooves of a pulley. Through this mechanism a pressure can he exercised upon 
the frame from below upwards wlifeh may he regulated at pleasure, and without pre- 
venting the frame from moving in all directions? it hinders it from deviating from the 
primitive plane to which the pantograph was adjusted. The length of the rods ft 
ought to he equal to the amount of the lateral movement of the frame. Two guides 
» i, carried by two legs of cast iron, present vertical slits in which the lower part of the 
frame f' is engaged. 

3. Disposition of the carriages. — The two carriage^ which are similar, &e placed the 
one to the right, and the other to the left of tbe frame. The carriage itself is com- 
posed merely of a long hollow cylinder of cast iron l, carrying at cither end a system 
of two grooved castors or pulleys i/, which roll upon the horizontal rails k the pulleys 
arc mounted upon a forked piece f, with two ends to receive the axes at the pulleys, 
and the piece V is itself bolted to a projecting ear l cast upon the cylinder. 

Thi! assemblage constitutes, properly speaking, the carriage, resting irf a perfectly 
stable equilibrium upon the rails K, upou which it muy he most easily moved back- 
wards and forwards, carrying its train of needles to be passed or drawn through lie 
doth. 

M. Heilmann has contrived a mechanism by which the operative, without budging 
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from his place, may conduct tlie carriages, aud regulate os he pleases the extent of 
their course, as well as the rapidity of their movements. By turning the axes m" in 
the one direction or the other, the carriage may be mode to approach to, or recede 
from, the web. 

When one of the carriages has advanced to prick the needles into die stuff, the otlief 
is there to receive them ; it lays hold of them with its pincers, pulls them through, 
performs its course by withdrawing to stretch the thread, and close tfie stitch, then it 
goes back with the needles to make its pricks in return. During these movements, 
the first carriage remains at its post waiting the return of the second. Thus the two 
chariots make iu succession an advance and a return, hut they never move together. 

To effect these movements M. Heilman n lias attached to the piece o' made fast to 
the two uprights a c and a i> of the fhunc, a bunt lever n o n ' movable round the 
point o; the bend n' carries a toothed wheel o', and the extremity «" a toothed wheel 
o"; the four wheels »i, m', o', and o", have the same number of teeth aud the same 
diameter ; the two wheels o' and o" are fixed in reference to each other, so that it is 
sufficient to turn the handle n to make the wheel o" revolve, and consequently the 
wheel o' ; when the lever n o is vertical, the wheel o' touches neither the wheel n nor 
the wheel m'; but if it be inclined to the nnu side or the ether, it brings the wheel o' 
alternately into gear with the wheel m or the wheel m'. As the operative has his two 
hands occupied, the one with the pantograph, aud the other with the handle of impul- 
sion, he has merely his feet for acting uj>oii the lever a o, and as he has many other 
things to do, M. Ileilmaun lias adapted before him a system of two pedals, by which 
lie executes with his feet a series of operations no less delicate than those which he 
executes with his hands. 

The pedals r are movable round the axis p, and carry cords p wound in an opposite 
direction upon the pulleys p'; these pulleys are fixed upon a movable slmfl i*'' sup- 
ported upon one side by the prop k', and on the other in a piece k' attached to the two 
great uprights of the frame. In depressing the pedal r (now raised iu the figure), the 
upper part of the shaft p" will turn from the left to the right, and the lever n o w : ll 
become inclined so as to carry the wheel o' upon the wheel m', but at the same time 
the pedal which is now depressed will be raised, because its cord will be forced to 
wind itself upon its pulley, as much as the other cord has unwound itself; and thus 
the apparatus will be ready to act in the opposite direction when wanted. 

4 . ] imposition of the pincers. — Tlie shaft i / carries, at regular intervals of a semi- 
diameter, the appendages 7 7 caBt upon it, upon which are fixed, by two holts, the 
curved branches q destined to bear the whole mechanism of the pincers. When the 
pincers are opened by their appropriate leverage, and the half of the needle, which is 
pointed at each end, with the eye hi the middle, enters the ojiening of its plate, it gets 
lodged in an angular groove, which is less deep than the needle is thick, so that when 
the pincers are closed, the upper jaw proses it into the groove. I11 this way the needle 
is firmly held, although touched in only three points of its circumference. 

Suppose now, that all the pincers are mounted and adjusted at their proper distances 
upon their prismatic bar, forming the upper range of the right carriage. For opening 
ull\he pincers there is a long plate of iron, u, capable of turning upon its axis, and 
which extends from the one end of the carriage to the other. This axis is carried by a 
kind of forks which are bolted to the extremity of the branches q. By turning thut 
axis the workman can open the pincers at pleasure, and they are again closed by 
springs. This movement is performed by his feet acting upon the pedals. 

The threads get stretched in proportion as the carriage is run out, but os this tension 
has 110 elastic play, inconveniences might ensue, tfriuch are prevented by adapting to 
the carriage a mechanism by meaufeof which nil the threads are pressed at the same 
"time by a weight susceptible of graduation. A little beneath the prismatic bar, which 
carries the pincers, we 6ce in the figure a shaft v, going from one end of the carriuge 
to the other, and even a little beyond it ; this shaft is carried by pieces ;/ which are 
fixed to the anus q, and in which it can turn. At its left end it carries two small bars 
y' and. «tf, aftd at its right a single bar 1/, aud a counterweight (not visible in this view); 
the cuds of the two bars 1/ are joined by an iron wire, somewhat stout and perfectly 
straight. Wien the carriage approaches the w£b, and before the iron wire can touch 
it, the little bar w presses against a pin w f , which rests upon it, and tends to raise it 
more and nrorc. In what has preceded we have kept in view only the upper range 
of pincers and needles, but there is an inferior range quite similar, as the figure shows, 
at the low^r endstof tlie arms q. In conclusion, it should he stated, liiat the operative 
does not follow slidingly with the pantograph the trace of the design which is upon 
the tablet or the picture, hut lie must stop the point of the style upon the point of the 
pattern into which the needle should enter, then remove it, mid put it down again upon 
the point by which the needle ought to re-enter in coming from the other Bide of the 
piece, and so on in succession. To facilitate this kind of reading off, the pattern upon 
the tablet is composed of right lines terminated by the points for the entrance and 
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return of the needle, so that the operative (usually a child) has contiifually under her 
eyes the series of broken lines -which must be followed by the pantograph. If she 
happens to quit this |«tth an instant, without having left a mark of the point at which 
she had arrived, she is under the necessity of looking at tile piece to see what has been 
diready embroidered, and to find by this comparison the point at which she must 
resume her work, so as not to leave a blank, or to repeat the same stitch. 

Explanation of Figure. 

a, lower cross bars, which nnite the legs of the two ends of the fhune. 

rr, the six feet of the front end of the frame. 

ct', the six feet of the posterior end of the frame. 

a ", curved pieces which unite the cross bars a" to the uprights. 

n", handle of the pantograph. 

A, A 7 , A", three auglcs of the pantograph. 
t *’r, point of thc^idc A b‘ f on which the point is fixed, 
c", point of the pantograph. 

d", cross bar in form of a gutter, which unites the upper parts of the frame. 

//, fixed point, round whiqji the pantograph turns. 

i:, tablet upon which the pattern to be embroidered is put 

e\ support of that tablet. 

e, cord attached at one end to the side A c oft the pantograph passing over a guide 
pulley, and carrying a weight at the other end. 

e*, iron rod by which the tablet k is joined to its support E 7 . 

F, f, uprights of the cloth-carrying frame. 
f', f', horizontal sides of the same frame. 

(i, four roll l>caiiis. 
fl", the piece of cloth. 

y ", the strings, which serve to stretch the cloth laterally. 

This machine has not been applied for embroidering nets or muslins, as these fabrics 
are not sufficiently close to hold the needles ; it has been hitherto used for embroidering 
doth for vests and other purposes, and silk for ladies’ dresses. We learn, however, 
that some very satisfactory experiments have been made by the Messrs. Houldswortli 
of Manchester, which promise shortly to lead to the successful application of these 
machines to the finer description of fabrics. 

EMERALD. ( Emirawle , Fr. ; Smaratjd , Ger.) A precious stone of a pure green 
colour, ranking in value next to the oriental ruby and sapphire. Although susceptible 
of a line polish, its hardness is considerably inferior to that of most other gems, being 
indeed but little higher than that of quartz, which it scratches, therefore, only with 
difficulty. Its specific gravity is also remarkably low, not exceeding 2‘73. The 
mineral usually occurs crystallised in regular six-sided prisms, more or less modified 
on the edges and angles, and offering a tolerably easy cleavage parallel to the basal 
plane, Jleuted before the blowpipe it loses its transparency, and at a higher tem- 
perature fuses to a vesicular glass ; whilst with borax it forms a transparent bead of 
a fine green colour. It is quite unaffected by acids. * 

The chemical composition of the emerald, and its relation to the beryl and aqua- 
marine, were first determined, in 1797, by Vauquelin, whose analyses showed it 
to be a silicate of alumina, combined with a silicate of a peculiar earth, called 
glucinu or beryllia. The most recent analyses of the typical emerald from Mazo, 
are those by M. Lewy, of which the following is the mean : 


Silica *- 67*9 

Alumina - - - . .* . - 17*9 

Glucina 12*4 

Magnesia - - - - - - - - 0*9 

Soda - o*7 


In the above analysis, slight traces of sesqnioxide of chromium are reckoned with 
the magnesia, but, according to Yanquelin’s experiments, the amount of chromic 
oxide may rise as high as 3*5 per cent. 

Since this oxide is well known to communicate a fine green tint to glass, the colour 
of the emerald was naturally referred to its presence ; but this opinion Ms been con- 
tradicted by M. I-iewy, who maintains that the extremely minute trace of chromic 
oxide which he obtained would be utterly inadequate to produce ti&e intense emerald 
colour ; and, moreover, his researches huve shown that the gem entirely loses its 
colour at a dull red heat, whilst those minerals that are truly coloured by chromium 
are unaffected in this respect by temperature. In his experiments the loss on ignition 
amounted to nearly 2 per cent, of which 0*12 consisted of a hydrocarbon, derived 
probably from* the associated organic remains j and since the amount of this hydro- 
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carbon was foufld to b§ greatest in those gems that possess the deepest colour, Lcwy 
'was induced to regard this organic Compound as the true colouring agent in the gem; 
com | taring it to the chlorophylle, or green colouring matter of plantB, a compound 
well known to possess intense tinctorial power. 

Soon after its announcement, this opinion was called in question by the experi- 
ments of Hofmeister on the Salzburg emerald ; and it has lately been further con- 
troverted by the researches of Wohler and Gustav Rose on the mirf ral from Muzo. 
The latter chemists have shown not only that the colour of the emerald is unaffected 
by ignition, but also that the amount of chromic oxide present in a given emerald 
is quite competent to impart an intense green colour to a quantity of glass equal to 
that of the mineral from which the oxide was derived. 

Among the ancients the emerald was very highly esteemed, being ranked by .Pliny 
next to the diamond and pearl. J)uring the middle ages it maintained a very high 
position, but on the discovery of the Peruvian mines, in the middle of the sixteenth 
century, it suffered a sudden reduction in value, from which it has never entirety 
recovered. A stone of 4 grains weight is said to be worth from* 4 /. to 5 /. *, one of 
8 grains, 10/. ; one of 15 grains, being fine, is worth 60 /. ; one of 24 grains fetched, 
at the sale of M. dc Drue's cabinet, 2400 francs, or nearly 100/L 

From the descriptions of the smaragdos, or emerald of the ancients, it is evident 
that they confounded under this name a number of green minerals differing widely 
from each other in general characters ; such for example, as malachite, chrysoprase, 
green fluor-spar, amazon-stone, and even green gloss. The true emeralds of the 
ancients were probably in great part derived from Mount Zabara, in Upper Egypt, 
where the old workings were discovered some years back by the French traveller, 
M. Cailloud, and were re-opened by Mohammed Ali ; but the emeralds obtained 
being only of poor quality, the operations were soon suspended. 

For many years past, the emerald has been obtained almost exclusively from the 
famous mine of Muzo, a large open excavation oil the eastern cordillera of the Andes, 
75 miles N.N.W. of Santa- Fc-de-Rogotd. It there occurs, associated with crystals 
of iron pyrites and Hie rare mineral parasite, in veins of calcareous spar traversing a 
black bituminons limestone, containing ammonites and other fossils, apparently of 
lower cretaceous age. When first removed from the rock, the emeralds are ex- 
cessively fragile ; and numbers of them crack spontaneously, in spite of careful pro- 
tection from the sun. The emerald is indeed so rarely free from flaws that they are 
often imitated in fictitious gems. A fine crystal from Muzo, two inches long, is in the 
cabinet of the Duke of Devonshire; it measures across its three diameters m 2\ in., 
2£ in., 1 J in, and weighs 8 oz. 18 dwts : — owing to flaws, it is but partially fit for 
jewellery. A more splendid specimen weighing but 6 oz. is in the possession of 
Mr. Hope ; it cost 500/. Emeralds of less beauty, but much larger, occur in Siberia. 
One specimen in the royal collection measures 14J inches long and 12 broad, and 
weighs IG-J lhs. troy; another is 7 inches long and 4 inches broad, and weighs f» lbs. 
troy. — The Siberiuu emerald occurs near Ekaterinburg, embedded in mica-slate. A 
similar rock forms the matrix of the Salzburg emerald. From this locality some 
interesting specimens were exhibited in the Austrian department of the International 
Exhibition of 1862. These were stated to be found in a steep cliff, at an altitude 
of a 8,700 feet. Masses of rock containing emeralds having fallen into the neigh- 
bouring valley, this locality was discovered, and it is now worked by the possessor, 
S. Goldschmidt of Vienna. 

The oriental emerald is an Indian stone entirely distinct from that described uhnyc, 
being a green transparent variety of corundum, differing therefore from tin* sapphire 
and ruby only in colour. From its extreme* rarity, and its peat hardness, the 
oriental stone is very highly prize* although far inferior in point of colour to the 
common emerald. 

EMEU Y ( Emeri , Fr. ; Schmenjcl, Ger.). This mineral was long regarded ns an ore 
of iron; and was called by Hauy, fer oxide tjuartzi m fcrc. It is, however, a massive 
granular, pr compact variety of corundum, more or less impure. It is very abundant 
in the island of Naxos, at Cflf>e Emeri, whence its name. From this place it is 
imported in large quantities. It is said to be found in Jersey ; it occurs, though rare, 
in Spain, Poland, Saxony, Sweden, Persia, and a few other places. Its colour varies 
from red brown to dark brown ; its specific gravity is about 4-000 ; it is so hard os 
to scratch quartz and many precious stones. ... , 

We lii}vc recent accounts of emery discoveries in Minnesota, hut nearly all that is 
used at present in the arts comes from Turkey, near ancient Smyrna. Dr. Lawrence 
Smith, the American geologist, made a discovery of a dc]>osit of emery while residing 
in Smyrna, and he made au examination of the locality in 1847. . Dr. Smithy having 
reported his discoveries to the Turkish government, a commission of inquiry was 
instituted, and the business soon ussumed a mercantile form. r I he monopoly of the 
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emery of Turkey was sold to a mercantile house in Smyrna, and since then the 
price has diminished in the market. •* 

The following analyses arc quoted hy Dana from an elaborate paper by J. Law- 
rence Smith, in the American Journal of Science . 





1 


Hardness 

S i]ipnirH 

Imiiiix loo. 

Rpoclfir; 

Gravity. 

Alumina. 

Peroxide 
of iron. 

Lime. 

Silica. 

Water. 

Kulah - 

- 

. 

57 

4-28 

63*50 

33*25 

0*92 

1*01 

1*90 

Samos - 

- 


5G 

398 

70*10 

22*21 


4*00 

210 

Nicaria 

- 


55 

375 

71*06 

20*32 

1*40 

4 12 

2*53 

- Kulah - 

• 


53 

4'02 

63 00 

30*12 

0*50 

236 

3*30 

Gumucli 

- 


47 


77*82 

8*G2 

1*80 

8*13 

31 1 

Naxos - 

- 




08*53 

24*10 

0*86 

3*10 

4*72 

Nicaria 

- 


4G 


75*12 

13-00 

103 

6*88 

3*10 

Gumucli 

• 


42 

4-31 


33.20 

0*48 

1*80 

5-62 

Kulah - 

- 

- 

40 

3 89 

9 

27*15 

1*30 

9*03 

2*00 


The mining of the emery is of the simplest character. The natural decomposition 
of the rock in which it occurs facilitates its extraction. The rock decomposes into an 
earth, in which the emery is found imbedded. The quantity procured under these cir- 
cumstances is so great that it is rarely necessary to explore the rock. The earth in the 
neighbourhood of the block is almost always of a red colour, and serves as an indication 
to those who are in search of the mineral. Sometimes, before beginning to excavate, 
the spots are sounded hy an iron rod with a steel point, and when any resistance is 
met with, the rod is rubbed in contact with the resisting body, and the effect pro- 
duced on llie point enables a practised eye to decide whether it has been done by 
emery or not. The blocks which are of a convenient size are transported in their 
natural state, hut they are frequently broken by large hammers ; when they resist the 
action of the hammer, they are subjected to the action of fire for several hemrs, and on 
cooling they most commonly yield to blows. It sometimes happens that large masses 
are abandoned, from the impossibility of breaking them into pieces of a convenient 
size, as the transportation, either mi camels or horses, requires t ha t the nieces shall 
not exceed 100 lhs. each in weight. 

When reduced to a ]K>wder, emery varies in colour from dark grey to black. The 
colour of us powder affords no indication of its commercial value. The powder ex- 
amined under the microscope shows the distinct existence of two minerals, conmdhin 
and oxide of min. Emery, when moistened, always affords a very strong argillaceous 
odour. Its hardness is its most important property iu its application to the arts end 
was ascertained by Mr. Smith in the following manner:— Fragments were broken 
from the piece to be examined, and crashed in a diamond mortar with two or three 
blows of a hammer, then thrown into a sieve witli-400 holes to the inch. The powder 
is then weighed, and the hardness tested with a circular piece of glass, about four 
inches in diameter, and a small agate mortar. T,h<- glass is first weighed, and placed 
on a piece ot glased paper | the pulverised emery is then thrown upon it at intervals 
rubbing it against the glass with the bottom of the agate mortar. The cn.erviJ 
brushed off the glass from time to time with a feather, and when all the emcrv has 
been made to pass once oyer the glass, it is collected, and passed throngh the lame 
operation three or four times. The glass is then weighed, again subjected to t e 
same operation, the emery by this time being reduec*to an impalpable powder.* This 
senes of operations is continued untiH the loss sustained by the glass Is excelling |v 
.maH. The tota Moss iu the glass is then noted, and when ill the specto “sSery 
are submitted to tins opcrut.on under the same circumstances, an exact idea of S 
relative hardness is ob-amed. The advantages of using glass and agate m that 
latter is sufficiently hard to crush the emery, and in n certain space** ttaMo* rnhu£ 
tt to sncll an impalpable state, that it has no longer any sensible effect on the glass ■ 
nd, rathe other hand, the glass is soft enough to lose during this time sufficient of 
its substance to allow of accurate comparative results. By this method tho w 
w'S,7h^ UndCapaWe 0fWeariUg awi * about of its weight ofeomnum Preneh 
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In the ordinary process, the lumijB of emery ore are broken np in the flame mam.et 
as Atone is for repairing macadamised roads, and into lumps of similar size. These 
lumps then crushed under stampers, such as are used for pounding metallic ores, 
driven by water or by steam power, it is supposed that the stampers leave the frag- 
ments more angular than they would be if they were ground under runners, a mod£ 
which is sometimes employed. The coarse powder is then sifted through sieves of 
wire cloth, which are generally cylindrical, like the bolting cylindeAof corn-mills) 
hut the sieves are covered with wire cloth, which vary from ninety to sixteen 
wires to the inch. No. 1C sieve gives emery of about the size of mustard-seed ; and 
coarser fragments, extending nearly to the size of pepper-corns, are also occasionally 
prepared for the use of engineers. The sieves have sometimes as many as 120 wire’s 
in ihe inch ; but the very fine sizes of emery arc most commonly sifted through lawn 
sieves. The finest emery that is obtained from the manufacturers is that which Anars 
in the atmosphere of the stamping-room, and is deposited on the beams and shelve 
from which it h occasionally collected. The manufacturers rarely or never wash the 
emery ; this is mostly done by the glass-workers, and such others as require a greater 
degree of precision than can be obtained by sifting. 

The following table shows the number of wires usually«contained in the sieve s, and 
the names of the kinds respectively produced by them: — 


Wire*. 

Corn emery - -- .- -- -- -16 

Coarse grinding emery - -- -- -- -24 

Grinding emery - --------36 

Fine grinding emery --------46 

Superfine grinding emery --------53 

Coarse Hour emery ---------60 

Flour emery - -- -- -- -- -70 

Fine flour emery - -- -- -- --80 

Superfine flour emery - -- -- -- -go 


Washing emery by hand is far too tedious for those who require very large quanti- 
ties of emery, such as the manufacturers ot plate glass aud some others, who generally 
adopt the following method: — Twelve or more cylinders of sheet copper, of the common 
height of about two feet, and varying from about three, five, eight, to thirty or forty 
inches in diameter, are placed exactly level, aud communicating at their upper edges, 
each to the next, hv small troughs or channels; the largest vessel lias also a waste-pipe 
near the top. At the commencement of the process, the cylinders are all filled to the 
brim with clean water; the pulverised emery is then churned up with abundance of 
water in another vessel, and allowed to run into the smallest or the tliree-inch cylinder, 
through a tube opposite the gutter leading to the secoud cylinder. The water during 
its short passage across the three-inch cylinder, deposits in that vessel such of the 
coarsest emery as will not bear suspension for that limited time ; the particles next 
flue* 1 are deposited in the five-inch cylinder, during the somewhat longer time the 
mixed stream takes in passing the brim of that vessel; and so on. Eventually the 
water forms a very languid eddy in the largest cylinder, aud deposits therein the very 
flue "part ides that have remained in suspension until this period; and the water, 
lastly, escapes by the waste-pipe nearly or entirely free from emery, in this simple 
arrangement, time is also the measure of the particles respectively deposited in the 
manufacture to which the emery is applied. Wlnji the vessels are to a certain degree 
filled with emery, the process is stored, the vessels are emptied, the emery is care- 
fully dried and laid by, aud the process is recommenced. 

lloltzapflcl informs us that he has been in the habit, for many years, of employing 
emery of twelve degrees of fineness, prepared by himself by washing over. 

For optical purposes, Mr. Ross mixes four pounds of the flour of emery of com- 
merce; with pne ouuce of powdered gum-arabic, and then throws the powder into two 
gallons of clear water ; and he collects the deposit at the end of 10" aud 30", and 2' 
10' 20' and 60', and that which is not deposited by one hour's subsidence is thrown 
away as useless for griuding lenses. 

Emery paper is prepared by brushing the paper over with thin glue, and dusting the 
cniery-powdA over it from a sieve. There are about six degrees of coarseness. 
Sieves witli thirty and ninety meshes per linear inch, are in general the coarsest and 
finest sizes employed. When used by artisans, the emery -paper is commonly wrapped 
round a file or a slip of wood, and applied just like a file, with or without oil, accord- 
ing to circumstances. The emery-paper cuts more smoothly with oil, but leaves the 
work dull. 
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Emery cloth only differs from emery-paper in the use of thin cotton cloth instead of 
paper, as the material upon which the emery is fixed by means of glue. The emery 
doth, when folded around a file, docs not ply so readily to it as emery-paper, and is 
apt to unroll. Hence smiths, engineers, and others, prefer emery-paper and emery- 
sticks ; but for household and other purposes, where the hand alone is used, the 
greater durability of the cloth is advantageous. 

Emcry-stickk arc rods of board about eight or twelve inches long, planed up square ; 
or with one side rounded like a half round file. Nails are driven into each end of the 
stick as temporary handles ; they are then brushed over one at a time with thin 
glue, and dubbed at all parts in a heap of emery powder, and knocked on one end to 
shake off the excess. Two coats of glue and emery are generally used. The emery- 
sticks are much more economical than emery-paper wrapped on a file, which is liable 
to be torn. 

Emery-cake consists of emery mixed with a little beeswax, so as to constitute a 
solid lump, with which to dress the edges of buff and glaze wheels. The ingredients 
should be thoroughly incorporated by stirring the mixture whilst fluid, after which it 
is frequently poured into water, and thoroughly kneaded with the hands, and rolled 
into lumps before it bos tiipc to cool. The emery-cake is sometimes applied to the 
wheels whilst they are revolving; but the more usual course is, to stop the wheel 
and rub in the emery cake by hand. It is afterwards smoothed down by the 
thumb. 

Emery-paper, or patent razor-strop paper, an article in which fine emery and glam 
are mixed with paper pulp, and made into sheets as in making ordinary paper ; the 
emery and glass are said to constitute together GO per cent of the weight of the paper, 
which resembles drawing-paper, except that it has a delicate fawn colour. The emery- 
paper is directed to be pasted or glued upon a piece of wood, and when rubbed with a 
little oil, to be used os a razor-strop. 

In 1842, Mr. Henry Barclay took out a patent for a method of combining 
powdered einery into discs and laps of different kinds, suitable to grinding, cutting, 
and polishing glass, enamels, metals, and other hard substances. The process of 
manufacture is as follows:— Coarse emery-powder is mixed with about half its 
weight of pulverised Stourbridge loam and a little water or other liquid, to make a 
thick paste ; this is pressed into a metallic mould by means of a screw-press, and uftcr 
having been thoroughly dried, is baked or burned in a muffle or close receiver at a 
temperature considerably above a red heat and below the full white heat. In this 
ease, the clay or alumina serves as a bond, and unites the particles very completely 
into a solid artificial emery-stone, which cuts very greedily, aud yet seems hardly to 
sutler perceptible wear. 

Superfine grinding einery is formed into wheels exactly in the same mauner as the 
above, but the proportion of loam is then only one-fourth instead of one-half that of the 
emery. Those emery stones, which are of medium fineness, cut less quickly, but 
more smoothly than the above. 

Flour-emery, when manufactured into artificial polishing stones, requires no uniting 
substance, the moistened powder is forced into the metal mould and fired ; 'some 
portions of the alumina being sufficient to unite the whole. These fine wheels render 
the works submitted to them exceedingly smooth, but they do not produce ajiigh 
polish on account of the comparative coarseness of the flour-emery. 

The alumina of emery is believed to be aggregated to the same degree of hardness 
as in corundum or adamuntiue spar ; which is one of the hardest minerals known. 
Emery is extensively employed fiy grinding metals, glass, Ac.; for which purpose it 
is reduced to powders of different degrees of fineness by grinding aud cleutriation. 

An extensive deposit of emery, Baid to be equal in quality to the best varieties 
from Naxos, bos recently been discovered in Chester, Hampden Co., Massachusetts, 
by Dr. C. T. Jackson, of Boston. The mineral, which for some time had been mis- 
taken for magnetic iron-ore, occurs in a series of lalcose, hornblende, and mica-slatu 
rocks, associated with margarite aud chloritoid,two micaceous mineralstfdiaradi eristic 
of emery localities, and the presence of which led f)r. Jackson to the discovery. 

Under the name of “metalline,” Messrs. Bond, Russell, aud Fisher, of Newport, 
Monmouthshire, have lately patented a preparation of blast-lurnace slag, which they 
propose* to introduce as a substitute for emery. J 

EMERALD COPPER. Dioplase. Silicate of copper. 

EMERALD GREEN. Scheele’s arsenical green («e« Coppki). 

EMERALD NICKEL. A native hydrocarbouute of nickcL 

EMERALDINE. See Aniline Green. 

EMPYREUMA. The smell produced by fire applied to organic matters, chiefly 
vegetable, in close vessels. Thus, cmpyreuniutic vinegar is obtained by distilling 
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wood at a red leaf, afcd empyrcmpatic oil from many animal substances in the 
same way. 

KMULSIN. The vegetable albumen of the almond. See Watts' “Chemical 
Dictionary." 

ENAMELS (Emaux, Fr. ; Schmclzylas , Germ.) are varieties of glass, generally' 
opaque or coloured, always formed by the combination of different metallic oxides, 
to which certain iixed fusible salts are added, such as the borates, filiates, and phos- 
phntcB. 

The simplest ennmel, aud the ono which serves as a basis to most of the others, is 
obtained by calcining first of all a mixture of lead and tin, in proportions varying 
from 15 to 50 parts of tin for 100 of lead. The middle term appears to be the most 
suitable for the greater number of enamels ; and this alloy hus such an affinity for 
oxygen, that it may be calcined with the greatest ease in a fiat cast-iron pot, and at a 
temperature not above a cherry red, provided the dose of tin is not too great. Tl*j 
oxide is drawn off to the sides of the melted metal, according as it irf generated, new 
pieces of the alloy being thrown in from time to time, till enough of the powder be 
obtained. Great care ought to be taken that no metallic particles be left in the oxide, 
and that the calcining heat be as low as is barely sufficient ; for a strong lire frits the 
powder, and obstructs its subsequent comminution. The powder when cold is ground 
in a proper mill, levigated with water, and elutriated. In this state of fineness and 
purity, it is cailed calcine or fiux, and it is mixed with silieious sand aud some alka- 
line matter or sea-salt. The most ordinary proportions are, 4 of sand, 1 of sea- 
salt, and 4 of calcine. Chaptul states, that he has obtained a very fine product 
from 100 parts of calcine, made by calcining equal parts of lead and* tin, 100 parts 
of ground flint, and 200 parts of pure suh-carbonate of potash. In either ease, 
the mixture is put into a crucible, or laid simply on a stratum of sand, quicklime 
6]ioiitancously slacked, or wood -ashes, placed under a pottery or porcelain kiln. This 
mass undergoes a semivitrification, or even a complete fusion on its surface*. It is 
this kind of frit which serves as a radical to almost every enamel ; and by varying the 
proportions of the ingredient, more fusible, more opaque, or whiter enamels are ob- 
tained. The first of these qualities dep.-uds on the quantity of sand or flux, and the 
other two ou that of the tin. 

The sea-salt employed as a flux may be replaced cither by salt of tartar, by pure 
potash, or by soda ; but eaeli of these fluxes gives peculiar qualities to the cuamcl. 

Most authors who have written on the preparation of enamels, insist a great deal on 
the necessity of selecting carefully the particular sand that should enter into the com- 
position of the frit, and they even affirm that the purest is not the most suitable. 
Clouet states, in the .'Util volume of the AmmUs tie Chimie, that the sand ought to con- 
tain at least 1 part of talc lor .‘J of silieious matter, otherwise the enamel obtained is 
never very glassy, and that some wrinkled spots from imperfect fusion are seen on its 
surface ; and yet we find it prescribed in some old treatises, to make use of ground flints, 
fritted by iucuus of salt of tartar or some other flux. It would thence appear that the 
presence of talc is of no use towards the fusibility of the silica, and that its absence 
may* be supplied by increasing the dose of the flux. In nil cases, however, we ought 
to beware of metallic oxides in the sand, particularly those of iron and manganese, 
whioli most frequently occur, and always injure the whiteness of the frit. 

The ancients carried the art of enamelling to a very high perfection, and we occa- 
sionally find beautiful specimens of their work. Then, ns at present, each artist made 
a mystery of the means that succeeded best with him, and thus a multitude of curious 
processes have bccu buried with their authors. • 

The Venetians are still in possession of the best enamel processes, and they sup- 
ply the French and other nations with the best kinds of enamel, of every coloured 
shade. 

EuainclB are distinguished into transparent and opaque ; in the former all the ele- 
ments have experienced an equal degree of liquefaction, and are thus run into crystal 
glass, whilst 4n the others, some of their elements have resisted the action of heat, so 
that their particles prevent the transmission of light. This effect is produced par- 
ticularly by the oxide of tin. 

The frits for enamels that are to be applied to metallic surfaces require greater fusi- 
bility, and should therefore contain more flnx j and the sand used for these should be 
calcined beforehand with one-fourth its weight of sea-salt ; sometimes, iudeed, metallic 
fluxes are lidded, a J minium or litharge. For some metallic colours, the oxideswf lead 
are very injurious, aud iu this case recourse must be bad to other fluxes. Clouet states 
that he has derived advantage from the following mixtures, as buses for purples, blues, 
and some other delicate colours : — . 

Three parts of silieious sand, one of chalk, and three of calcined borax ; or, three of 
glass (of broken crystal goblets), one of calcined borax, one-fourth of a*part of nitre. 
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and one part of well-washed diaphoretic antimon/. These compositions afford a very 
white enamel, which accords perfectly well with blue. 

It is obvious that the composition of this primary matter may be greatly varied : 
j>nt we should never lose sight of the essential quality of a good enamel ; which is, 
1o acquire, at a moderate heat, sufficient fluidity to take a shining surfucc, without 
running too thin. It is not complete fusion which is wanted; but a pasty state, of 
such a degree as may give it, offer cooling, the aspect of having suffered complete 
liquefaction. 

J)ciul -white Enamel — This requires greater nicety in the choice of its materials 
than aiiy other enamel, as it must be free from every species of tint, and be perfectly 
white ; hence the frit employed in this case should be itself composed of perfectly 
pure ingredients. Hut a frit should not be rejected hastily because it muy be some- 
what discoloured, since this may depend on two causes ; either on some metallic 
. sides, or on fuliginons particles proceeding from vegetable or animal substances. 
Now the latter' impurities may be easily removed by means of a small qu&utity of 
peroxide of manganese, which has the property of readily parting with a portion of 
its oxygen, and of thus facilitating the combustion, that is to say, the destruction of 
the colouring carbonaceous mutter. Manganese indeed possesses a colouring power 
itself on glass, but ouly in its highest state of oxidisement, and when reduced to the 
lower state, as is done by combustible matters, it no longer communicates colour to the 
enamel combinations. Hence the proportion of manganese slum Id never be in excess; 
lor the surplus would cause colour. Sometimes, indeed, it becomes necessary to give 
a little manganese-colour, (i.c. a pink tint) in order to obtain a more agreeable shade 
of white; as a little azure blue is added to linens, to brighten or counteract the dulucss 
of their yellow tint. 

A white enamel may he conveniently prepared also with a calcine composed of 
two parts of tin and one of lead calcined together; of this combined oxide, one part 
is melted with tw r o parts of fine crystal and a very little manganese, all previously 
ground together. When the fusion is complete, the vitreous matter is to be poured 
into clear water, and the frit is then dried, and melted anew. The pouring into 
water and fusion are sometimes repeated four times, in order to secure a very uniform 
combination. The crucible must be carefully screened from smoke and flame. The 
smallest portions of oxide of iron or copper admitted into this enamel will destroy its 
value. 

Some practitioners recommend the use of washed diaphoretic antimony (anti- 
moniate of potash, from metallic antimony, and nitre deflagrated together) lor white 
enamel ; hut this product cannot be added to any preparation of lead or other 
metallic oxides ; for it would tend rather to tarnish the colour than to clear it up ; 
ami it can be used therefore only with ordinary glass, or with saline fluxes. For 
three parts of white glass (without lead) one part of washed diaphoretic antimony 
is to be taken ; the substances ure well ground together, and fused iu the common 
way. 

lilac Enamel — This fine colour is almost always obtained from the oxide of cqjbalt 
or some of its continuations, and it produces it with such intensity that only a very 
Jiule can he used, lest the shade should pcss into black. The cobalt blue is so rich 
and lively that it predominates in some measure over every other colour, and nfiisks 
many so that they can hardly be perceived ; it is also most easily obtained. To bring 
it out, however, iu all its beauty, the other colours must he removed as much as pos- 
sible, and the cohalt itself should lie tolerably pure. This me till is associated iu the 
best known ores with a considcrablifuuiubcr of foreign substances, as iron, arsenic, cop- 
per, nickel, and sulphur, and it is difficult to separate them completely; but for enamel 
blues, the oxide of cobalt docs not require to be [lerfectly free from all foreign metals; 
the iron, nickel, and copper being most prejudicial, should be carefully eliminated. 
This object may be most easily attained by dissolving the ore in nitric acid, evaporating 
this solution to a syrupy consistence, to expel the excess of acid, and separate a portion 
of arsenic. It is now diluted with water, and solution of carbonate of soaa is dropped 
slowly into it with brisk agitation, till the precipitate, w hich is at first of a whitish 
gray, liegius to turn of a rose-red. Whenever this colour appears, the whole must Iks 
tlirowu on a filter, and the liquid which passes through must be treated with more of 
the c&rbouaie of soda, in order to obtain tbo arseni&tc of cobalt, which is nearly pure. 
Since arsenic acid and its derivatives arc not capable of communicating colour them- 
strives,* and as they moreover arc volatile, they cannot impair the beauty of tne blue, and 
hence this prepanitiou affords it in great perfection. 

Metallic fluxes ure not the most suitable for this colour ; because they always com- 
municate a tint of greater or less force, which never fails to injure the purity of the 
him*. Nitre is a useful addition, os it keeps the oxide at tlie maximum of oxidation, 
in which state it, produces the richest colour. 
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Yellow Enamel — Thej*e arc many processes for making this colour in enamel ; hut 
it is somewhat difficult to fix, and it \\ rarely obtained of an uniform and fine tint. It 
may beprodneed directly with some preparations of silver, as tkephosphuLc or sulphate; 
hut this method does not always succeed, for too strong a heat or powerfulfiuxes readily 
destroy it, und nitre- is particularly prejudicial. This uncertainty of success with the 
salts of silver causes them to be seldom employed ; nud oxides of lead and antimony are 1 
therefore preferred, which afford a fine yellow when combined with sojne oxides* that 
are refractory enough to prevent their complete vitrification. One part of white oxide 
of antimony may he taken with frmn one to three parts of white lead, one of alum, 
and one of sal-ammoniac. Each of these substances is to l>c pulverised, and then all 
are to be exactly mixed, and exposed to a heat adequate to decompose the sal-ammoniac. 
This operation is judged to be finished when the yellow colour is well brought out. 
There is produced here a combination quite analogous to that known under the name 
of Naples yellow. 

()tlier shades of yellow may he procured either with the oxide of lead alone, or 1>;> 
adding to it a little red oxide of iron; the tints varying with the prbportion of the 
latter. 

Clouet says, in his Memoir on Enamels, that a fine yellow is obtained with pure 
oxide of silver, and that it is merely necessary to spread :»■ thin coat of it on the spot 
to be coloured. The piece is then exposed to a moderate heat, and withdrawn as su.n 
as this has reached the proper point The thin film of metallic silver revived on the 
surface being removed, the place under it will lie found tinged of a fine yellow, of 
hardly an^r thickness. As the pellicle of silver lias to l>c removed which covers the 
colour, it is requisite to avoid fixing this film with fluxes ; and it ought therefore to 
he applied after the fusion of the rest. The yellows require in general but little 
alkaline flnx, as they answer better with one of a metallic nature. 

(Irccn Enamel. — Jl is known that a preen colour may be produced by a mixture of 
yellow and blue; but recourse is seldom had to this practice tor enamels, as they can 
he obtained almost always directly with the oxide of copper; or, still better, with ti e 
oxide of chrome, which has the advantage of resisting a strong heat. 

rheniists describe two oxid« s of copper, the protoxide of an orange colour, which 
communicates its colour to enamels, bin it is difficult to fix ; the deatoxide is blue in 
the state of hydrate, but blackish -brown when dry, and it colours green all the vitreous 
combinations into which it enters. This oxide requires, at most one or two proportions 
ofllux, either saline or metallic, to enter into complete fusion; hut a much smaller 
dose is commonly taken, and a little oxide of iron is introduced. To 4 pounds of frit, 
for instance 12 ounces of oxide of copper and 4$ grains of red oxide of iron are u*vd ; 
and tlic ordinary measures are pursued lor making very homogeneous enamel. 

The green produced by oxide of chronic Is much more solid ; it is not affected by a 
powerful fire, but it is not always of a fine shade. It generally inclines too much to 
the dead-leaf yellow, which depends on the degree of oxygenation of the chrome. 

/led Enamel. — AVe have just stated, that protoxide of copper a Horded a fine colour 
when it could be fixed, a result difficult to obtain on account of the fugitive nature of 
thisroxide ; blight variations of temperature enabling it to absorb more oxygen, 'The 
proper point of fusion must be seized for taking it from the fire whenever the desired 
colour is brought out. Indeed, when a high temperature lias produced peroxidisemeiit, 
this may he corrected by adding some combustible matter, as charcoal, tallow, tartar, 
iH:c. Tlu* copper then returns to its minimum of oxidisement, and the red colour which 
had vanished, reappears. It is possible, in this way, and by pushing the beat a little, 
to accomplish the complete reduction of a part of the oxide; and the particles of metallic 
copper thereby disseminated in a reddish ground, ‘give this enamel the aspect of the 
stone called a rent urine. The surest* and easiest method of procuring protoxide of 
etipper is to boil a solution of equal parts of sugar, and Milphaie or rather acetate of 
ropjK'r, in four parts of water. Tlu* sugar takes possession of a portion of the oxygen 
of the cupreous oxide, and reduces it to protoxide ; when it may be precipitated in 
the form of p granular powder of a brilliant red. After about two hours moderate 
ebullition, the liquid is set aside to settle, decanted oil* the precipitate, which is washed 
and dried. 

The protoxide properly employed by itself, furnishes a red which vies with the 
finest carmine, and by its menus every tint may be obtained from red to orange, by 
adding a greater or smaller qmiutity of peroxide of iron. 

The preparations of gold, and particularly the oxide and purple of ( assius, are like- 
wise employed witli advantage to colour enamel red, and this coin posit ion insists a 
powerful fire tolerably well. For some time back, solutions of gold. silve r , and plat inum 
have been used with success instead of tbeir oxides ; and in this way, a more intimate 
mixture may Ik* procured, and. consequently, more homogeneous tints. 

niuvk Enamel. —Mack enamels are made with peroxide oi manganese or protoxide 
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of iron ; to which more depth of colour is given with a little colalt Clay alone, 
melted with about a third of its weight of protoxrle of iron, gives, according to Clouet, 
a fine black enamel. 

Violet Enamel. — The peroxide of manganese in small quantity by itself furnishes, 
(Frith saline or alkaline fluxes, an enamel of a very fine violet hue ; and variations of 
shade are easily had, by modifying the proportions of the elements of the coloured 
frit. The greqt point is to maintain the manganese in a state of peroxidation, and, 
consequently, to beware of placing the enamel in contact with any substance attractive 
of oxygen. 

Such are the principal coloured enamels hitherto obtained by means of metallic 
oxides ; but since the number of these oxides is increasing every day, it is to be wished 
the new trials be made with such as have not yet been employed. From such researches 
some interesting results would unquestionably be derived. 

Of painting an Enamel. — Enamelling is only done on gold and copper; for silver 
Lvvcils up, and causes blisters and holes in the coat of enamel. All enamel paintings 
are. in fact, donft on either copper or gold. 

If on gold, the goldsmith prepares the plate that is to be painted upon. The gold 
should he 22 carats fide: if purer, it would not be sufficiently stiff; if coarser, it would 
be subject to melt; and its' alloy should be half white and half red, that is, half silver 
and half copper ; whereby the enamel with which it is covered will be less disposed 
to turn green, than if the alloy were entirely copper. 

The workman must reserve for the edge of the plate a small fillet, which lie calls the 
honltr. This ledge serves to retain the enamel, and hinders it from falling off when 
applied and pressed on with a spatula. When the plate is not to be counter -enamel led, 
il should he charged with less enamel, as, when exposed to heat, the enamel draws up 
the gold to itself’ and makes the piece convex. When the enamel is not to cover the 
whole plate, it becomes necessary to prepare a lodgment for it With this view, all 
the outlines of the figure are traced on the plate with a black-lead pencil, after which 
recourse is had to the graver. 

The whole space enclosed by the outlines must be hollowed out in bas-relief of a 
d-pth equal to the height of the fillet, had the plate been entirely enamelled. This 
sinking of the surface most be done with a flat graver as equally as possible ; for if 
there be an eminence, the enamel would be weaker at that point, and the green would 
appear. Some artists hatch the bottom of the hollow with close lines, which cross each 
other in all directions; and others make lines or scratches with the edges of a file broken 
off square. The hatchings or scratches lay hold of the enamel which might otherwise 
separate from the plate. After this operation, the plate is cleansed by boiling it in 
au alkaline lye, and it is washed first with a little weak vinegar, and then with clear 
water. 

The plnte thus prepared is to be covered with a coat of white enamel, which is done 
by bruising a piece of enamel in an agate or porcelain mortar to a coarse powder like 
sand, washing it well with water, and applying it in the hollow part in its moist state. 
The plate may meanwhile he held in an ordinary forceps. The enamel powder is 
spread with a spatula. For condensing the enamel powder, the edges of the plate ure 
struck upon with a spatula. 

Whenever the piece is dry, it is placed on a slip of sheet iron perforated with 
several small holes, see fig. 720, which is laid on hot cinders ; and it is left there 
until it ceases to steam. It must be kept hot till it goes to the fire ; for were it 
allowed to cool it would become necessary to beat it again very gradually at the 
month of the furnace of fusion, to prevent the enamel from decrepitating and 
flying off. 1 . 

Before describing the mnnncr of exposing the piece to the fire, we must explain 
the construction of the furnace. It is square, and is shown in front elevation in fig. 721 . 
It consists of two pieces, the lower part a, or the body of the furnace, and the upper 
part n, or the capital, which is laid on the lower part, as is shown in fig. 722, whore 
these two parts are separately represented. The furnace is made of good fire-clay, 
moderately baked, and resembles very closely the assay or cupellation furnace, its 
inside dimensions are 9 inches in width, 13 inches in height in the body, and 9 in 
the capital. Its general thickness is 2 inches. 

The capital has an aperture or door, c, fig. 721, which is closed by a fire-brick 
stopper m, when the fire is to be made active. By this door fuel is supplied. 

The body of the furnace has likewise a door i>, which reachcg down to the pro- 
j octing* shelf n, called the bib ( mcnUmni&rc )* whose prominence is seen at e, fig. 721. 
This shelf is supported and secured by the two brackets, r, f ; the whole being 
earthenware. The height of the door d, is abridged by a peculiar fire brick o, which 
not only co/ers the whole projection of the shelf e, but enters within the opening of 
the door i>, filing its breadth, and advancing into the same plane with the inner surface 
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of the furnace. « This plate is called the hearth ; its purpose will appear presently ; it 
may be taken out and Replaced at pleasure, by laying hold of the handle in its front. 

Below the shelf k, a square hole, nr, is seen, which serves for admitting air, and for 
extracting the ashes. Similar holes are left upon each side of the surface, os is shown 
in tlie ground plan of the buse,,/fy. 722, at u. 



On a level with the shelf, in the interior of the furnace, a thin fire-tile i rests, per- 
forated with numerous small holes. This is the grate represented in a ground view 
in /iff. 720. Fiys. 723, 724, 72o, represent, under different uspects, tliemufile. 1'iy. 722 
shows the elevation of its further end ; Jiy. 724 its sides ; and Jry. 72.1 its front parr. 
At J, fiy. 722, the muffle is seen in its place in the furnace, resting on two burs of 
iron, or, still better, on ledges of fire-clay, supported on brackets attached to the 
lateral sides of the furnace. The muffle is made of earthenware, and as thin us 
possible. The fuel consists of dry beech-wood, or oaken branches, about an inch in 
diameter, cut to the length of nine inches, in order to be laid in horizontal strata 
within the furnace, one row only being placed above the muffle. "When the muffle 
lias attained to a white red heat, the sheet iron tray, bearing its enamel plate, 
is to be introduced with a pair of pincers into the front’of the muffle, and gradually 
advanced towards its further end. The mouth of the muffle is to be then closed with 
two pieces of charcoal only, between which the artist may see the progress of the 
operation. Whenever the enamel begins to flow, the tray must be turned round on its 
base to insure equality of temperature ; and as soon os the whole surface is melted, the 
tray must be withdrawn with its plate, but slowly, lest the vitreous matter be cracked 
by sudden refrigeration. 

The enamel plate, when cold, is to be washed in very dilute nitric acid, and after- 
wards in cold water, and a second coat of grannlar enamel paste is to be applied, with 
the requisite precautions. This being passed through the fire, ia to he treated in the 
same way a third time, when the process will be found complete. Should any chinks 
happen to the enamel coat, they must he widened with a graver, and the space being 
filled with ground enamel, is to he repaired in the inutile. The plate, covered with a 
pure white enamel, requires always to be polished and smooths with 6andstouc and 
water, particularly if the article have a plane suriAce ; and it is then finally glazed at 
the fire. 9 

The painting operation now follows. The artist prepares his enamel colours by 
pounding them in on agate mortar, with a pestle of agate, and grinding them on an 
agate slab, with oil of lavender, rendered viscid by exposure to the sun in a shallow 
vessel, loosely covered with gauze or glass. Tlie grinding of two drachms of enamel 
pigment into an impalpable prwder will occupy a lalmurer a whole day. Tlie 
painter should have alongside of him a stove in which a moderate fire is kept np, for 
drying his work whenever the figures are finished. It is then passed through the 
muffle. 

The following was the process adopted by Henry Bone, It. A., and his son, the late 
Henry Pierce B'jne, who have produced the largest enamels ever painted ; and 
beyond the time and consequent expense there appears no practical limit to the size 
of enamel paintings. 

Preparing the plate . — For small plates (up to two inches long) pure gold is the best 
material. Silver (quite pure) is also used, but is apt to get a disagreeable ycl.ow 
colour at the edges by repeated firings. For larger sizes, copper is used. " he copper 
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should he annealed until quite firce from spring, and then cleaned withidilutc sulphuric 
acid (one part ncid, four water), and shaped in a wooden mould, afterwards used in 
making the plate so as to produce a convex surface varying according to the size of 
the plate, taking care that the shaping does not reproduce the spring in the copper, 
in which case t lie* process must he repeated. If the plate is not raised in the centre. 
In the course of repeated firings the corners will rise irregularly, producing undulations 
over the plate, perfect flatness being next to impossible for large? pictures. The 
copper is then laid face downwards on the convex wooden mould used for shaping, 
and enamel ground fine with water is spread over it with a small hone spoon ; when 
covered, a fine cloth doubled is pressed gently on it to absorb the water, and then it is 
smoothed with a steel spatula. This forms the back of the plate, and when fired this 
part is finished. The copper is now reversed on a convex boat'd the exact counter- 
part of the other, and covered with white enamel ground fine in the same way ns 
above. The plate is now ready for firing, and after it lias been fired and e-oolcd the 
surface must he ground smooth with u fiat piece of flint or other bard substance, with 
silver sand and »vn 1 cr. It must next be covered with a softer and more transparent 
kind of enamel called flux, ground and spread on in the same way a6 the first enamel, 
but this time only on the face of the plate. This is fired aslieforo, and when cool the 
surface must he again grosnd smooth, and when glazed in the furnace the plate is 
finished. For the first coat a white solid enamel is used to prevent the green colour 
from the oxidised copper showing through ; the second coat is a softer enamel, to 
enable the colours used to melt with less heat. 

Firing . — The plate is placed on a plauche of firestone, or well baked Stourbridge 
clay, supported on a bed of whiting, thoroughly dried in the furnace, the exact shape 
of the plate as originally made, which must he used in all sulisequent firings. After 
the whiting is formed in the shape of the plate it should Ik? notched with a flat knife 
diagonally across, as in the accompanying diagram. 
The use of this is to produce an effect of diagonal 
bracing while the plate cools, and experience has 
shown that it tends considerably to keep the plate in 
its original shape. When the plate is small (up to 
three inches in length) it may he annealed for passing 
into the hot muffle as follows : — The plnnclie bearing 
the plate may Ik* placed on another plnnclie heated in 
the muffle and placed in the front of the muffle for a few 
minutes, until the steam of the plate or the oil of the 
picture shall have evaporated; it may then he put in 
the mouth of the muffle and gradually inserted to 
the hottest part. After firing it should be placed on 
another hotplanrhe and allowed to cool gradually. Large pictures require a different 
arrangement of the furnace. Over the muffle there should he a fixed iron annealing 
box, with an iron shelf and door. The bottom should he of cast iron about one inch 
thick. Tin's should he so arranged that when the muffle attains a white heat the 
bottom of the annealing box should be of a hrightisli red at the hark, and a dull 
blood ml in front. Large pictures should be placed on the bottom of the box Indore 
the furnace is Jit, and the larger the size of the picture the slower should the furnace 
be broughtto its full beat, so as to allow five or six hours for the largest size, and two or 
three for smaller plates. When fired the picture should be returned to the shelf of the 
annealing box, and left there till quite cold, for which purpose large plates require al 
least twelve hours. Tlie colours used arc mostly the same as those prcpuivd for 
jewellers and glass painters. * 

ICtutmcUhuj at Me Lamp . — The art of the lamp- enameller is one of the most agree- 
able and amusing that we know. There is hardly a subject in enamel which may 
not he executed by the lamp-flame in very little time, and more or less pcrfcelly, 
according to the dexterity of the artist, and his acquaintance with the principles 
of modelling. 

In working at the lamp, tubes and rods of glass #nd enamel must Ik* provided, of 
all sizes and colours. 

The enamelling table is represented in fig. 727, round which several workmen, 
with their lamps, may be placed, while the large double bellows D below is set a-blowiug 
by a treadle moved with the foot. The flame of the lamp, when thus impelled by a 
powerful jet of air, acquires surprising: intensity. The bent nozzles or tubes a, a, a, 
a, arc Biadc of glass, and are drawn to points modified to the pnrpose of the enameller. 

Fig. 728 shows, in perspective, the. lamp A of the enameller standing in its cistern 
B ; the blowpipe c is seen projecting its flame obliquely upwards. The blowpipe is 
adjustable in an elastic cork d, which fills up exactly the hole of the table into 
which it enters. When only one person is to work at a table pro\ hied with several 
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lamps, he sits dow at the same side with the pedal of the bellows ; he takes oat the 
other blowpipes, and plujjb the holes i; the table with solid corks. 

The lamp is made of copper or tin plate, the wick of cotton threads, and either 
tallow or oU may be used. Between the lamp and the workman a small board or 

727 728 




sheet of white iron b, called the screen, is interposed to protect his eyes from the 
glare of light. The screen is fastened to the table by a wooden stem, and it throws 
its shadow on liis face. 

The enamelling workshop ought to admit little or no daylight, otherwise the artist, 
not perceiving his flame distinctly, would be apt tocoinmit mistakes. 

It is impossible to describe all the manipulations of this ingenious art, over which 
taste and dexterity so entirely preside. But we may give an example. Suppose the 
enameller wishes to make a swan. He takes a tube of white enamel, seals one of its 
ends hermetically at his lamp, and while the matter is sufficiently hot, he blows on 
it a minikin flask, resembling the body of the bird ; he drawB out, and gracefully 
bends the neck ; he shapes llie head, the beak, and the tu.il ; then, with slender 
enamel rods of a proper colour, he makes the eyes ; he next opens up the beak with 
pointed scissors ; he forms the wings and the legs •, finally attaching the toeB, the 
bird stands complete. 

The enameller also makes artificial eyes for human beings, imitating so perfectly 
the colours of the sound eye of any individual us to render it difficult to discover 
that he has a blind and a seeing one. 

It is difficult to make large articles at the blowpipe ; those which surpass 5 or 6 
inches become nearly unmanageable by the most expert workmen. 

Enamelling of Cast Iron and otiiku Hollow Wakk for Saucepans, &c. In 
December, 1 71)9, a patent was obtained for this process by Dr. Samuel Sandy IlickJing. 
11 is specification is subdivided into two parts . — 

1. The coating or lining of iron vessels, &c„ by fusion with a vitrifijble mixture, 
composed of 6 parts of calcined flints, 2 parts of comjtosUion or Cornish stone, 9 parts of 
litharge, 6 parts of borax, 1 part of argillaceous earth, 1 part of nitre, G parts of calx of 
tin. and 1 part uf purified potash. Or, 2ndly, 

8 phrts of calcined flints, 8 red lead, 6 borax, 5 calx of tin, and 1 of nitre. Or, 3rdly, 
12 of potter's composition, 8 borax, 10 white lead, *2 nitre, 1 white marble calcined, 

1 argillaceous earth, 2 purified potash, and 5 of culx of tin. Or, 4tbly, 

4 parts calcined flint, 1 potter's composition, 2 nitre, 8 borax, 1 white marble cal- 
cined, £ argillaceous earth, aud 2 calx of tin. 11 

Whichever of the above com posit ion d’is taken, must be finely powdered, mixed, fused, 
the vitreous mass is to be ground when cold, Biftcd, and levigated with water. It is then 
made into a pap with water or gum water. This pap is smeared or brushed over the 
interior of the vessel, dried and fused with a proper heat in a muffle. 

Calcined bones are also proposed as an ingredient of the flax. 

The fusibility of the vitreous compounds is to vary according to the heat to be 
applied to the vessel, by using various proportions of the silicious and fluxing 
materials. Colours may be given, and also gilding. 

The second part or process in his specification describes certain alloys of iron and 
nickel, which'die easts into vessels, and lines or coats them w ith copper precipitated 
from its saline solutions. It also describes a mode of giving the precipitated copper an 
enamel surlace by deting upon it with bone ashes and zinc with the aid of heat . 

A factory of such enamelled hollow wares was carried on for some tune, bat it Hi 
given up for want of due encouragement. _ m 

A patent was granted to Thomas and Charles Clarke on the 25th of May, 1839, for 
a method of enamelling or coating the internal surface, of iron pot. and saucepans, in 
VOL. II. ? 
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such a way as shall prevent the enamel from cracking or spirting off from the effects 
of fire. This specification prescribes the vessel so be first cleaned by exposing it to the 
action of dilute sulphuric acid (sensibly sour to the taste) for three or four hours, 
then boiling the vessel in pure water for a short time, and next applying the composition. 
t This consists of 100 lbs. of calcined ground flints; 50 lbs. of borax, calcined, and finely 
* ground with the above. That mixture is to be fused and gradually cooled 

40 lbs. weight of the above product is to be taken with 5 lbs. weight of potter’s clay; 
to be ground together in water until Hie mixture forms a pasty consistent mass, 
which will leave or form a coat on the inner surface of the vessel about one-sixth of un 
inch thick. When this coat is set, by placing the vessel in a warm room, the second 
composition is to he applied. This consists of 125 lbs. of white glass (without lead), 
25 lbs. of borax, 20 lbs. of soda (crystals), all pulverised together and vitrified by 
fusion, then gronnd, cooled in water, and dried. To 45 lbs. of that mixture, 1 lb of 
soda is to be added, the whole mixed together in hot water, and when dry pounded ; 
.then sifted finely and evenly over the internal surface of the vessel previously covered 
with the first coating or composition whilst this is still moist This is the glazing. 
The vessel thus prepared is to be put into a stove, and dried at the temperature of 
212° l’uhr. It is then heated in a kiln or muffle like that used for glazing china. The 
kiln being brought to its ftill heat, the vessel is placed first at its mouth to heat it gra- 
dually, and then put into the interior for fusion of the glaze. In practice it has been 
found advantageous also to dust the glaze powder over the fused glaze, and apply a 
second fluxing heat in the oven. The enamel, by this double application, becomes 
jinieli smoother and sounder. 

Messrs. Kenrick, of West Bromwich, produced in their factory some excellent 
specimens of enamelled saucepans of cast iron. Dr. Ure exposed the finely enamelled 
sauce|)aii8 of Messrs. Kenrick to very severe trials, having fused even chloride of 
calcium in them, and found them to stand the fire very perfectly without chipping or 
cracking. Such a manufacture is one of the greatest improvements recently intro- 
duced into domestic economy ; such vessels being remarkably clean, salubrious, and 
adapted to the most delicate culinary operations of boiling, stewing, making of 
jellies, preserves, &c. They are also admirably fitted for preparing pharmaceutical 
decoctions, and ordinary extracts. 

The enamel of these saucepans is quite free from lead. In several of the saucepans 
which were at first sent into the market, the enamel was found on analysis to contain 
a notable proportion of oxide of lead. In consequence of the quantity of borax and 
Boda in the gluze. this oxide was so readily acted upon by acids that sugar of lead 
was formed by digesting vinegar in them with a gentle heat 

A suitable oven or muffle for lining or coating luetuls with enamel may have the 
following dimensions. 

The outside, 8 feet Bquare, with 14-incli walls; the interior muffle, 4 feet square at 
bottom, rising 6 inches at the sides, and then arched over ; the crown may be 18 inches 
high from the floor ; the muffle should be built of fire-brick, 2£ inches thick. Another 
arch is turned over the first one, which second arch is 7 inches wider at the bottom, 
and 4 inches higher at the top. A 9-inch wull under the bottom of the iQiifllu 
at its centre divides the fire-place into two, of 1G inches width each, and 3 feet 
3 inches long. The flame of the fire plays between tbe two arches and up through 
a 3- inch flue in front, and issues from the top of the arch through three holes 
about 4 inches square. These open into a flue, 10x9 inches, which runs into the 
chimney. 

The materials for the enamel body (ground flint, potter’s clay, and borax) arc first 
mixed together, and then put intv a reverberatory furnace, G feet 7 inches Jong, by 
3 feet 4 inches wide, and 12 iuchcs high. The flame from an 18-inch fire-place 
passes over the hearth. The materials are spread over the floor of the oven, about 
6 inches thick, and ignited or fritted for 4 or 5 hours, until they begin to heave and 
work like yeast, when another coating is put on the top, also six inches thick, and fired 
again, and so on the whole day. If it be fired too much, it becomes hard and too 
refractory to work in tbe muffles. The glaze is worked in an oven similar to the 
above. It may be composed of about one-balf boAx and one-half of Cornish stone 
(partially decomposed grauite) in a yellowish powder procured from the potteries 
This is fritted for 10 hours, and then fused into a glass which is ground up for the 
glaze. * 

The Patent Enamel Company use coloured enamel very extensively, and by the 
use of ^tencil plates produce very goo 1, and cheaply, designs in cLamcl djpon articles 
of iron. Their manufacture by this process of street plates, and signs in enamel ure 
of much interest The following arc recipes for enamels in general use : 
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Grey Mixture Enamel . 


Sand - 
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m 
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- 
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0 

Boracic acid 

... 
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0 
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0 
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0 

Nitre - 

- 




1 

2 

Manganese 
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- 0 
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Flint -------- 

- 36 

0 

Boracic acid ...... 

- 24 

0 

Bicarbonate of soda ..... 

- 24 
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- IS 

0 
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0 

White Mixture Ena me/. 

11m. 

OZ. 

Cullett 

- 11 

0 

Boracic acid ------ 

7 

0 

Bicarbonate of soda - 

0 

4 

Phosphate of lime - 

3 

8 

Oxide of antimony 

- 0 

2 


L>l' 

~U 


ENAMELLED LEATHER. Leather glazed upon one surface, the bo called 
enamelling composition being in all resj/ects analogous to the ordinary varnishes. 
Instead of enamelling the grain surface, as is usually clone, Mr. Nossiler removes that 
surface by splitting or hulling, and then produces wbui is called “ a finish " upon the 
surface thus formed, by means of a roller, or glass instrument. The Ucsli side of the 
skin may lie thus prepared fi>r cusuuelling ; and it is Jess liable to crack, and the 
enamel to In come cloudy on it than o.i the grain side. See Lkai'iiku. 

ENCAUSTIC PAINTING. A mode of painting with healed or burnt wax, 
which was practised by the ancients. The wax, when melted, was mixed with as 
much colour, finely powdered, as it could imbibe, and then the mass was spreu' 1 on 
the wall with a hot spatula. When it became cold, the designer cut the liues with a 
cold pointed tend, and other colnurs were applied and melted into the former. Many 
modi ticat ions of the process have been employed. Amongst the moderns, the term 
has been improperly given to some cements, which have nothing of an encaustic 
character about them. 


ENCAUSTIC TILES are tiles in which any design has been produced by fusing 
in other colours than such as form the colour of the ground. Encaustic tiles are of 
all ages, and we find them representing every variety of subject. 

The manufacture of encaustic tiles has been carried to greut perfection in our own 
times. It will be well to consider this manufacture in connection with Tessera, 
there being, indeed, no ditlerenee in the first production of tiles or tessera, except 
that the latter are at first moulded with the spaces which art* to be filled in with the 
coloured clays to form the patterns impressed upon them. 

The Homan tesserce, of which many very fine examples have been discovered in thij 
country, were often formed of natural stones (sometimes coloured artificially ), but gene- 
rally of baked clay. The beauty of many of ihese has Kd to 
the production of modern imitutfons, which nave been gra- 7 28a 

dually improved, until, in the fiual result, they far exceed 
any work of the Homans. 

About half a century since, Mr. C. Wyatt obtained a patent 
for a mode of imitating tesselated pavements, by in-laying 
stone w4th coloured cements. Terra cotta, inlaid with 
coloured cements, has ulso bA*n employed, but with no very 
marked success. 

Mr. Hlashficld produced imitations of those pavements, by 
colouring cements with the metallic oxides : these stood ex- 
ceedingly well when under cover, but they did not endure 
the w Alter fA>sts, &c. Bitumen, coloured with metallic 
oxides, was also employed by Mr. B lash liehl. In 1830 Mr. 

Singer, of Vauxhall, introduced a mode of forming tessera 
from thin layers of clay. These were cut into the required 
forms, dried and baked, lu 1840 Mr. Prosser, of Birmingham, 
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discovered that if the material of porcelain (china clay) be reduced ty a dry powder, 
and in that state he compressed between steel dies, the pov. der is condensed into 
about a fourth of its bulk, and is converted into a compact solid substance of extra- 
ordinary hardness and density. 

This process was first applied to the manufacture of buttons, but was eventually 
taken up by Mr. Minton, and, in conjunction with Mr. Rlashfield, Messrs. Wyatt, 
barker, and’ Co., was carried to a high degree of perfection for making tessera. 

The new profess, invented by Mr. Prosser, avoided the difficulty altogether of 
using wet clay. 

This change in the order of the potter's operations, although very simple in idea 
(and a sufficiently obvious result of reflection on the difficulties attending the usual 
course of procedure), has nevertheless required a long series of carefal experiments 
to find out the means of rendering it available in practice. 

The power which the hand of the potter has exercised over his clay has been pro- 
verbial from time immemorial, but it is limited to clay in its moist or plastic state; 
an^.ciay in its powdered state is an untraetable material, requiring very exact and 
powerful machinery to be substituted for the hand of the potter ; in order, by great 
pressure, to obtain the requisite cohesion of the particles of clay. 

In the new process, the clay, or earthy material, after being prepared in the usual 
manner, and brought to the piastic state, as above described (except that no kneading 
or tempering is requisite), is formed into lumps, which are dried until the water is 
evaporated from the clay. 

The lumps of dried clay are then broken into pieces, small enough to be ground by 
a suitable mill into a Btate of powder, which is afterwards sifted, in order to separate 
all e»arse grains and obtain a fine powder, which it is desirable should consist of par- 
ticles of uniform sixe as nearly as can be obtained. The powder, so prepared, is the 
state in which the clay is ready for being moulded into the form of the intended 
article by the new process. 

The machine and mould used for moulding articles of a small size, in powdered 
clay, is represented in the annexed drawing, wherein Jig. 7286 is a lateral elevation 
of the whole machine. 

a ▲ is the wooden bench or table whereon the whole is fixed, that bench being sus- 
tained on legs standing on the floor. B D e is the frame, formed in one piece of cast 
iron ; the base, B, standing on the bench, and being fixed thereto by screw bolts ; the 
upright standard, i>, rising from the base, and sustaining at its upper end the boss, e. 
wherein the nut or box, a, is fixed for the reception of the vertical screw, f. The 
screw, f. works through the box, a, and has a handle, o, g. 6, applied on the upper 
end of the screw ; the handle is bended downwards at g, to bring the actual handle, h, 
to a suitable height for the person who works that machine to grasp the haudle. A, in 
liis right hand, and, by pulling the handle. A, towards him, the screw, f, is turned 
round in its box, a, and descends. The lower end of the screw, f, is connected with a 
square vertical slider, n, which is fitted into a socket, T, fixed to the upright part, i>, 
of the frame, and the slider, h, is thereby confined to move np or down, with an 
exactly vertical motion, when it is actuated by the screw, without deviation from the 
vertical. 

Thus far the machine is an ordinaiy screw press, snch as is commonly used for 
cutting and compressing metals for various purposes. 'Hie tools with which the prvsi 
is furnished for the purpose of this new process consist of a hollow mould, e e, formed 
of steel, the exterior cavity of the mould being the exact sise of the article which is to 
be moulded. The mould, t e, is firmly fixed on the base, b, of the frame, so as to be 
exactly beneath the lower end of the piston a, or plug,/, which is fastened to the 
lower end of the square slider, h, anu* the ping; /, is adapted to descend into the 
ho- low of the mould. ««, when the slider, h, is forced downwards by action of the 
screw, f, the plug/ being very exactly fitted to the interior of the mould, e e. 

The bottom of the mould, e e, is a movable piece, a, which is exactly fitted into 
the interior of the mould, but which lies at rest in the bottom of the mould, e e, during 
the operation of moulding the article therein ; but afterwards the movable bottom, n 
can be raised up by pressing one foot upon one end, A, of a pedal lever, n s, the’ 
fulcrum of which is a centre pin, r, supported in a standard resting upon the floor 
and the end, s, of the lever operates on an upright rod, m, which is attached at its 
npjier end to the movable bottom, a, of the mould, e e. 

A small horixonta! table, t t, is fixed round the mould, e e, and on that table a 
quantity of powdered clay is laid in a lamp in readiness for filling the ^nould. , 

The two* detached figures, marked Jigs. 728 c and 728 d, are sections of the mould 
e e, and the ping,/, on a larger 'scale than Jig. 728 a, in order to exhibit their action 
more completely. 

The operation is extremely simple : the operator, holding the handle, A, with his 
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right hand, putoftt bac3^ from him, bo as to turn back the screw, r, and raise the 
slider, h, and the plug,/ quite outiof the mould, e t, and clear above the orifice of 
the mould, as shown in fig, 728 a. 

Then with a spatula of bone, held in the left hand, a small quantity of the powder 
is moved laterally from the heap, along the surface of the table, t, t, towards the 
mould e e, and gathered into the hollow of the mould with a quiet motion, so as to fid 
that hollow very completely, and by scraping the spatula evenly across over the top 
of the mould, ee, the superfluous powder will be removed, leaving thfe hollow cavity 



of the mould exactly filled with the powder la a loose itate, and neither more nor 

k^Tlwo'the'handle, h, being ‘drawn forwarde with a gentle movement of the right 
hand, it turn* the screw, r, so as to bring the slider, n. and th ? P 1 "*/’ 
dewends into the mould, ee, upon the loose powder wherewith the mould has been 
filled and begins to press down that powder, which must bs done with a gentle mot on 
.ithom anv lerk. Ui order to allow the air that ia contained in the !«« powder to 

material. 
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Then the handle, h, is pnt backwards again, so as to turn bank the &rew, f, and raise 
up the slider, h, and the plug,/) until the latter ij drawn up out of the mould, e e, and 
clear above the orifice of the mould, as in fig . 728ft, and immediately afterwards by 
pressure of one foot on the pedal, n, of the pedal lever, it, s, and by action of the upright 
rod. m, the movable bottom, n, of the mould is raised upwards in the mould e e, so as 
to elevate the compressed material which is resting upon the bottom, w, and cany the 
same upwards, ^guite out of the mould e c, and above the orifice of the mould, as is 
6 lio\vn in Jig. 728c, and then the compressed material can be removed by the finger 
and thumb. 

The compressed material which is so withdrawn is a solid body, retaining the exact 
shape and sice of the interior cavity of the mould, and possessing sufficient coherence 
to enable it to endure as much handling as is requisite for putting a number of them into 
an earthenware case or pan, called a sagger, in which they are to be enclosed, ac- 
cording to the usual practice of potters, in preparation for putting tiiem into the 
patter's kiln for firing ; the sagger protects the articles from discoloration by smoke, 
and from partial action of the flame, which, if a number of small articles were 
exposed thereto without being so enclo&cd, might operate more strongly upon some 
than upon others of those articles ; but by means of the saggers the heat is cause d 
to operate with clearness, Uniformity, and certainty upon a number of small articles 
at once. 

After the firing is over, the articles being removed from the saggers, are in the 
state of wliat is termed biscuit, and are ready for use, unless they are required to bo 
glazed, in which case they muy be dipped into a semi-liquid composition of siliceous 
and other mutters, ground in water to the consistency of cream, and the surface of the 
articles which are so dipped becomes covered with a thin coating of the glazed com- 
position, and then the articles arc again put into saggers, and subjected to a second 
operation of firing in another kiln, the heat whereof vitrifies the composition and gives 
a glassy surface to the articles, all which is the usnal course of making glazed earthen- 
ware or porcelain; hut for articles formed by the new process, a suitable glazing com- 
position is more usually applied within the saggers, into which the articles are put 
for the first firing, and the glazing is performed at the same time with the first burning, 
without any other burning being required. Or, in other cases, the composition of 
earthy materials which is chosen for the articles maybe such as will become partially 
vitrified by the beat to which they arc exposed in the kiln, and thereby external 
glazing is reudered unnecessary. 

The great contraction which must take place in drying articles which have been 
moulded from clay in the moist state is altogether prevented, and consequently all 
uncertainty in the extent of that contraction is avoided. Tiles, tessera, and other 
urticles are now made by this machine; and very beautiful pavements are con- 
structed, excelling the finest works of the Homans in form, in colour, and in all the 
mechanical conditions. 

It will be evident that any pattern can be impressed upon the clay by having a 
mould with the pattern in relief upon it. In some cases the coloured clay is placed 
in the depressed portions of the tile before firing ut all ; in others, it is subjected 10 
the first firing before the coloured clay is introduced. In either case, the second or 
coloured day, for the production of the kind of tile called encaustic, is spread in the 
state of a cream, so os to fill the pattern, every truce Icing carefully removed from 
the other part. See Tiles. 

ENDOGENOUS. See Exogenous. 

ENDOSMOSE. See Exosmose. 

ENGRAVING, a word derived fi\>m ev, in, and 7 ^- 00 , to grave, or write , is the 
art of executing designs or devices, upon metal, stones, and other hard substances. In 
the common acceptation of the word in the present day, it means the execution of 
such works on plates of copper or steel, for the purpose of obtaining from them im- 
pressions in ink or some other coloured fluid. Engraving, in the widest sense of the 
term, is the oldest of the flue arts; at least, the Scripturis mention it bWore any 
reference is made either to painting or sculpture. In tie Rook of Exodus, ch. xxviii. 
v. 29, we read that “ Aaron shall l>ear the names of the children of Israel in the 
breast-plate of judgment upon his heart ; ” and again, in the same chapter, Moses is 
commanded to M make a plate of pure gold, and grave ui on it, like the engravings of 
a signet, Holiness to the Lord.” Further on, in the 35th chapter of the same hook, 
Moses speaks of Hczaleel, the son of Uri, as a man “ filled with the qairit of, God, in 
wisdom, i« understanding, and in knowledge, and in all manner of workmanship ; 
and to devise curious works, to work in gold, and in silver, and in brass, and in the 
cutting of stones/' &c. Of him and of Aholiab it is said, — “ Them hath he filled with 
wisdom of heart, to work all manner of work of the engraver,’' &c. &c. These 
extracts will suffice to show the antiquity of the art of incising, or cutting hard 
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substances; whether or not it had its origin at a period anterior to the time of Moses 
there is no record, but if is not imprtjjmble that the Israelites acquired some knowledge 
of the art from the Egyptians daring their lengthened captivity, an assumption 
strengthened by the fact that numerous specimens of hieroglyphic engraving, on met til 
plates and on stone, have been discovered in Egypt and brought to this country : 
their dates, however, have not, in all cases, been ascertained with certainty. 

It is unnecessary to trace back all thut might be written respecting the state of tlii f 
art among the nations of antiquity in its various applications ; but ag an example of 
its adoption for a purpose altogether practical, a passage from Herodotus may l>e 
adduced. This historian, referring to a period about 500 years before the Christian era, 
says : — 41 Aristagoras exhibited to the king of Sparta a tablet, or plate, of brass, on 
which was inscribed every part of the habitable world, the seas, and the rivers;” or, 
in other words, Aristagoras, who was a native of Cuma, had in his possession a 
metallic map. Moreover, as it is intended to limit this notice to the art of en- 
graving on steel or copper for printing purposes, we pass over those branches or 
departments of the art that relate to die-sinking, seal-engraving, and engraving^n 
coins, the latter a common process with the ancient Britons and Saxons, who also, 
according to the opinion of many modern antiquarians, used to ornament their 
weapons of war with designs cut by the graving- tool. 

The transition from ail previons methods of engraving, Vo that which in some degree 
assimilates to what is now practised as the result of the discovery of printing, has been 
thus describe d by the late Mr. Landseer, who quotes an earlier writer, Mr. Strutt : — 
44 Soon after the conquest (though, from oiher information, l think it must have been 
at the h ast 2f»0 years from that memorable era) a new species of engraving, entirely 
different from the mingled work of the engraver, goldsmith, and chaser, which had 
preceded it, was introduced into, or invented in, England, of which there is scarcely 
an old country church of any consequence, hut aifords sonic curious specimens, and 
England more than any other nation in Europe. The brass plates on our old 
sepulchral monuments are executed entirely with the graver, the shadows be : ng 
expressed by lines or strokes, strengthened in proportion to ihc required depth of 
shade, and occasionally crossed with other lines a second and, in some instances, a 
third time, precisely in the same manner as a copper plate is engraven that is in- 
tended for producing impressions. These engraved effigies are commonly found on 
those horizontal tombstones which fonu part of the pavement with in the churches; and 
the feet of the congregation, which kept the lights bright by friction, filled the In- 
cisions with dust, and thus darkened llic shades: very neat or exquisite workmanship 
is not therefore expected ; yet sonic of them bear no small evidence of the abilities 
of the monks, or other workmen, by whom they were performed.” Impressions, 
technically celled 44 rubbings,” are taken from these monumental brasses by antiqua- 
rians, for the purpose of illustrating w orks iu archaeology. The process is simple 
enough ; a sheet, or sheets, as may be required, of white paper, sufficiently large to 
cover the brass tablet, are laid upon it ; these ure then rubbed over with a lump of 
44 shoemaker's heel -ball,” a composition of wax and lamp-black, which leaves on the 
]>apcr an impression of the raised portions of the metal. 

The fifteenth century, which must always be considered as the dawm of universal 
light and knowledge, gave to the world the art of printing, and from this invention 
krose a new era in the art of engraving: the eailiest method of printing, both books 
and illustrations, was, as iB described under the article Wood JCngrauiny , from engraved 
blocks or tablets. It seems singular that, though engraving on various metuls had 
been practised long before that on wood, no attempt lmd ever been made to obtain 
impressions from the plates ; like many other important discoveries, this is said to be 
the result of accident. Vasari, tke historian or Italian art, says that, in the year 1460, 
Muso, or Thontoso Finigucrra, a Florentine goldsmit! , chanced to let fall a small 
engraved plate, on which, as was customary with engravers, he had nibbed a little 
charcoal and oil, that he might the better sec the state of his work, into some melted 
sulphur, and observing that the exact impression of his engraving was left on the 
sulphur! he repeated the experiment, by passing a roller gently over it It was suc- 
cessful, and Fiuiguerra imparted his discovery to Raldini, also a goldsmith of Florence, 
by whom it was communicated to others. But the most probable origin of the art of 
printing from metallic plates, is that which is attributed to the early Italian workers 
in nidhi\ or inlaid modeling work, an art used for ornamenting table utensils, swords, 
armour, &c. ; this art consisted in cutting or engraving the required design on silver, 
and fitting up* the incisions with a black eomposilion, said to be made of silver and lead, 
which, from its dark colour, was called by the ancients nigrfhm, abbreviated by the 
Italians into niello; this mixture, when run into the engraved lines, produced a tegular 
effect of chinr-oscuru in the entire work. From these engraved plates or objects, the 
artists in niello t who were the goldsmiths and silversmiths of that period, were aocus* 
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tomed to take impressions, by smoking the metal, and then, ^fter ckaning (he smooth 
surface with oil, impressing upon it a piece of <^*unp paper. From such an origin, or 
from some other very similar to it, undoubtedly, came the art of chalcography, or 
plate-printing, and it is equally certain, that the art of engraving with the burin , or 
as it is now called, “ line engraving,” arose in the workshops of the gold and silver- 
smith s. 

' The practice of making paper from rags, without which the former art would have 
proved comparatively useless, had been adopted generally throughout Europe towards 
the end of the fourteenth century, whereby the chief obstacle to printing was removed. 

Not very long after the discovery of plate-printing, the engravers, separating them- 
selves from the manufacturing goldsmiths and chasers, formed themselves into a dis- 
tinct body, opened schools for pupils, and took up their rightful position among the 
artists of the time. 

Italy mid Germany have each contended for the honour of being the first discoverers 
of the art of printing from engraved plates, but the best authorities give to the former 
ypuntry the priority of claim, though the Germans, to whom the printing pms was 
earliest known, 'soon surpassed their rivals, both in that art and in engraving : but they 
have not always maintained the superiority. 

The principal Italian engravers, contemporary with, or immediately following Fiui- 
guerra, were Baldini, Botticelli, and Audrew Mantegna -, in Germany, the names of 
Martin Schon, who beuan his career about the year 14G0, and engraved his own com- 
positions, Israel Van Mecheln, Loydenwurf, and Wolgemup, stand prominently forward; 
but it was not till the commencement of the sixteenth century, that engraving occnpi<d 
a high position among Ihe arts of either country. Singularly enough. lulv. Germary, 
and Holland, produced each an engraver, whose works, to this day are held in the 
highest estimation; while Mure Antonio Koimoudi (born at Bologna, in 1488), and 
Albert Durer (horn at Nuremlierg, in 1471), were respectively practising the. art in 
Italy and Germany, Lucas Van Leyden (horn ut Leyden, in 1494) disputed in the 
Low Countries the palm with these distinguished competitors. As these artists have 
ever been considered the patriarchs of engraving, a few words respecting the merits of 
each may not inappropriately be introduced here. 

Travelling to Venice for improvement, Marc Antonio saw there some prints, by 
Albert Durer, of the life of the Virgin ; these* he copied with tolerable fidelity ; he soon, 
however, quitted Venice, and went to Home, where he made the acquaintance of 
Raffaelle, a large number of whose works he engraved. “ The purity of his outlines,'* 
says Bryan, “the beautiful character and expression of his heads, and the correct 
drawing of the extremities, establish his merits as a perfect master of design.” His 
works frequently exhibit a defieieney in reflex light and harmony of chiar-oacuro, and 
he appears to have been ignorant of the principles of rendering local colour, or tints, 
in the abstract ; neither did he attempt, or else was unable, to express the various 
textures of substances : these are, however, minor defects by comparison, and may 
easily be excused when the state of art generally at that period is taken into account. 
“Raffaelle,” says Landseer, “ was Marc Antonio’s object ; und the blandishments, the 
splendour, and the variety which would have been indispensably necessary to the 
translation of Correggio or Titian, were not called for here.” 

Albert Durer, the head of the German school of engraving, laboured under disad- 
vantages with which the artists of Italy had not to contend : the latter had frequently, 
if not constantly, the graceful forms und flowing outlines of antique sculpture made 
familiar to them : and hence their works exhibit, even from the earliest time, much 
greater elegance of manner, and refinement in execution, than those of Germany. 
The engravings by Durer, whom I^aiqlscer supposes to be the first who corroded his 
plates with aqua-fortis, partake largely of the stiff. Cry, and gothic manner, peculiar 
to the country and the period, and which to this day is more or less discernible in 
German art If Durer bad been so fortnnate as to have had the pictures of Kafiacllc 
to engrave, he would doubtless have left the world prints of a very different character 
than those we now see : we should have had more grace of expression, anddreedom 
of lines, but less originality in the style of execution and, probably, less vigour. 
Durer engraved only his own designs, and his fuults or defects were those of his 
time : but, notwithstanding his Gothic bondage, nothing that has ever appeared in 
more recent periods, surpasses, in executive excellence, his “ St Jerome seated in a 
Room;” here all the olyects are rendered with a fidelity, that only the camera could 
emulate. That very remarkable and mysterious composition known as,}‘ Thu Death’s 
Head,” is also a masterly example of execution : the helmet, with all its pomp of 
heraldic appendage, and the actual and reflux lights on its polished surface, are 
characteristically, though minutely, expressed : the skull is accurately drawn, and 
its bony substance unmistakably described. The head of the Satyr, with its beard 
and wild redundance of snaky tangled hair, has considerable and well-managed 
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breadth of light and shade: the drapery of the female, quaint as it is in style, is not, 
as we see it in Darer*s other works, hard, stiff, and formal, but relaxes into freedom 
and simplicity, and has quite a silky textnre ; in fact, it approaches very nearly to 
what we now call “ picturesque composition of forms, and light and shade." Durer’s 
etching appears to have been bitten in, or corroded with the acid, at once. lie seems, 
cither not to have known, or did not cure to practise, the process now adopted, of 
“ stopping out,” for the purpose of producing gradation of shade. The admirable 
wood engravings by this artiBt are referred to in their proper place. 

The works of Van Leyden, the Dutchman, are even more gothic in taste and style 
than those of Durer, with whom he is said to have been intimately acquainted: they 
exhibit the same amount or degree of stiff, angular drapery; as much, perhaps 
even more, inattention to grace and dignity of form, without his fertile imagination, 
his occasional vigour, and his truthful ot>scrvation of individual nature. His execution 
is neat and clearly defined, but his plates are deficient in firmness and harmonious 
effect, and his lines are without variation in substance ; those that represent ne?r 
objects, and those that express objects at a distance, arc equally fine an delicate ; hence 
the monotony apparent in his prints. They are almost entirely sacred or legendary 
subjjcts, from his own designs; among the finest arc u The Temptation of St Anthony, 
engraved in 1509, when he wus only thirteen years of ag£; •" The Crucifixion,” and 
the “ Adoration of the Magi.” 

It would be beyond the province of this notice to record the progress of the art 
through the continental schools till it took root in England; yet a short history of its 
introduction and growth on onr soil, may not be considered out of place. 

Until the middle of the last ceijtury, neither painting nor engraving had attained 
any eminence in this country ; the latter art, especially, was practised chiefly by 
foreigners, as Hollar, Simon, Vaillant, Blooteling, &c. ; previously to whom we had, 
of our own countrymen, Faithorne, an admirable engraver of portraits, Payne, White, 
and one or two others of inferior merit ; but, with the exception of Faithorne, none 
whose works are now held in much esteem. The encouragement afforded by George 
111., almost as soon as he ascended the throne, to the fine arts generally, and the 
establishment of the Royal Academy, wiiick offered to artists a position in the country 
they had never before held, gave an impulse to every section, or branch, of art pro- 
fessors. Hogarth’s name had, however, become widely known many years before : 
his numerous plates, all of them from his own designs, are to this day much sought 
after, not so much, perhaps, for any es]>ceiul excellence as examples of fine engrav- 
ings, as for the talent and genius which the subjects display. 44 Hogarth composed 
comedies as much as Moliere,” was the remark of Walpole : lie died just as art was 
beginning to be recognised and patronised in England. Francis Vivares, a French- 
man by birth, hut long settled in England, where lie studied the art under Chatelain, 
carried landscape-engraving to a high point of excellence ; some of his prints after 
pictures by Claude and Caspar Poussin, exhibit remarkable freedom in the foliage 
of the trees, and truth in the texture of the various objects introduced in the 
landscape. Woollett, born at Maidstone, in Keut, who died in 1785 ; and Sir 
Robert Strange, a native of one of the Orkney islands, who died in 1792, ad- 
vanced the art still further ; indeed, it is a question whether engraving has ever 
found more able exponents than these two distinguished men : the latter engraved 
several portraits, which have rarely been surpassed at any period in the history of 
art The works of both these engravers are characterised by bold and vigorous 
execution, produced by the combined use of the etching-needle and the graver. 
Cotemporary with these, or their immediate successors, were Browne, who some- 
times worked with Woollett, Bartolpsxi, Hail, Hooker, Green, Ryland, Watts, Sharp, 
McArdell, Smith, Enrlom, &c. ; all aided, by their proficiency, to uphold the honour 
of the art ; while John Landseer, father of the living painters, Raimbach, Engleheart, 
Pye, and John Burnet, — the last two yet with us, — may be regarded as the chief 
connecting links between the past generation and the present. 

Engraving on metal plates may be classed under the following heads '.-—Etching, 
lintt, me 7zo (into , chalk , stipple , ana aquatint. Before describing the processes of work- 
ing these respective kinds, a notice of the instruments used by the engraver is neces- 
sary. These, with some modifications, are employed in all the styles. 

The etching-point , or needle , is a stout piece of steel- wire inserted into a handle ; two 
or three, varying in thickness, are requisite, and they should be frequently and care- 
fully shaityened. t This is best done by turning the needle round in the fingers while 
rubbing it on a hone, and afterwards on a leas her strop prepared with putty powder, 
or on an ordinary razor-strop, to take off any roughness, and to make it perfectly 
round. 

The dry-point is a similar instrument, used for delicate lines: it must be sharpened 
on the hone dll a fine conical point is obtained. » 
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The graver, or burin, is the principal instrument employed in (?n graving : several 
are required, differing from each other in formffrom the extreme lozenge shape to the 
square; the former being used for cutting fine lines, the latter for broad: the graver 
fits into a handle about five inches and a half long, and it should be well-tempered 
# before using, an operation requiring great care. The angle at the meeting of the two 
lower sides is called the belly, and the breadth of the end, the face. To sharpen the 
former, lay ope of the fiat sides of the graver on the oilstone, keeping the right arm 
tolerably close to the side, and rub it firmly ; next rub the other in the same way : 
the face is sharpened by holding it firmly in the hand, with the belly upwards, in a 
slanting direction ; rub the end rather gently on the stone, at an angle of about forty- 
five decrees, taking care to carry it evenly along until it acquires a very sharp point: 
this being done, holdthe engraver a little more upright to square the point, which a 
very few rubbings will effect. The graver for line work must be slightly turned up, 
to enable the engraver to run it along the plate ; otherwise the first indentation he 
•makes on the metal would cause his instrument to become fixed : the graver for 
stipple should be slightly turned down, to make dots only. 

'Hie scraper , which should have three fluted sides, is used for taking off the burr 
left by the action of the needles on the metal. 

The burnisher is employed to soften lines that have been bitten in, or engraved too 
dark, and to polish the plate, or get rid of any scratches it may accidentally have 
received. 

The dtihber used to lay the etching •ground evenly, is mode by enclosing a small 
quantity of fine cotton wool very tightly in a piece of silk, the threuds of which 
should bo, as much as possible, of uniform thickness. 

There arc a few other materials which an engraver should have at hand, but they 
are not of sufficient importance to lw mentioiKHl here ; we may, however, point out 
what is technically called a brultje, which is nothing more than a thin bonnl for the 
hand to rest on ; it should be smoothly planed, and of a length and breadth in pro- 
portion to the size of the plate; at each end a small piece of wood should he fastened 
to raise it above the plate when covered with wax. A blind , made of tissue-paper 
stretched upon a frame, ought to be placed between the plate and the? light, to enable 
the engraver to see his work on the metal with greater facility and clearness. 

In describing the processes of engraving the various styles enumerated above, little 
more than a general outliue of each method can be given, yet sufficient, it may be 
presumed, to show the nature of the operation : to narrate all the details that might 
be included in the subject would supply matter enough for a small volume. 

Etching may he classed nnder two heads ; that which is made the initiatory process 
in line-engraving, and that which is known as painter's- etching ; the latter was prac- 
tised to some extent by very many of the old painters, particularly those of the 
Dutch school; and it has also recently come into fashion with many of the artists of 
our own day, but more for amusement, however, than for any other purpose ; in 
both cases the method of proceeding is alike. Etching is the result of a chemical 
process resulting in corrosion of the metal on which the design has been laid down, 
or transferred, in the following manner. The plate must first be covered with a sub- 
stance already spoken of as etching- ground, which maybe purchased of most of the 
principal artists’ colourmen, but many engravers make their own : the annexed 
receipt haB been handed to us by Mr. O. W. Sharpe, who has engraved some of the 
largest steel-plates published recently, as that which he always uses : — 


Black pitch - --.-.-1 

White wax - - - - - ( • - -1 

Burgundy pitch - - - - - - - $ 

Asphaltum 

Gum mastic 


Melt the first three ingredients over a slow fire in a pipkin, then add the other two 
finely powdered, stirring the whole together all th<L time ; when well mixed, pour it 
into warm water, and make it up, while warm, into halls ; if too soft, a little less wax 
should be used. Care must be taken not to let the mixture barn during the process 
of making. 

The etching* ground resists the action of the aqua-fortis. It should bd tied np in a 
piece of strong silk, and applied thus, which is called faying the gryund : — Take the 
plate fiqnly in a small hand vice ; hold it, with the polished fact upwards, over a 
charcoal fire that it may not get smoked, till it is well, but not too much, heated : rub 
the etching-ground, in the silk, over the plate till it is evenly covered ; the wax, 
melting with the heat, oozes through the silk. To effect a more equal distribution 
of the ground , take the duller and dab the plate gently all over, till it appears of an 
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uniform colour ; continue the dabbing till the plate begins to cool, but not longer. 
The ground is then blackened by being held over the smoke of a candle, or two or 
three tied together, — wax is far preferable to tallow ; keep the plate in motion, so 
that every part be made equally dark, and also to avoid injury, by burning, to the 
composition ; when cold the plate is ready to receive the design. To transfer this, a , 
very correct outline of the subject is made with a black-lead pencil on a piece of thin 
hard paj>er: fasten the tracing, or drawing, at the top edge, with its fa'ie downwards, 
on to the etching-ground, with a piece of banking-wax, described hereafter, and bv 
passing it through a printing-press — such as is used by plate printers, to whom it 
should be taken — the drawing is transferred to the ground. The bridge being laid 
over the plate, the process of etching may now be commenced ; the points, or needles, 
which are used to complete the design, remove the ground from the metal wherever 
they pass, and expose the latter to the action of the acid during the process of what 
is termed biting in. The needles with the most tapering points should be used for the 
skies and distances, changing them for others for the foreground, which generally re 
quires broader and deeper lines. Any error that lias been made may &e remedied by 
covering the part evenly with the etching-ground mollified by spirits of turpentine, 
using a camcl's-hair pencil for the purpose ; and, when dry, the lines may be re- 
etched through it. 

The next operation is that of biting in, performed thus : — A wall or border of bank* 
in g- wax is put round the edge of the plate : this wax, called sometimes bordering i rax, 
is made by melting over a blow fire, in a glassed pot, two parts of Burgundy pitch, and 
one of bees-wax, to which is added when melted, a gill of sweet oil ; when cold it is 
quite hard, but by immersion in warm water it Ik'codics soft and ductile, and must 1m 
applied in this state ; it will adhere to the metal by being firmly pressed down with 
the hand : the object in thus banking up the plate is to prevent the escape of the 
acid which is to l>e applied ; but a spout or gutter must be left at one corner to pour 
off tlie liquid when necessary. Mr. Fielding,— to whose work on the art of engraving 
we are indebted for some of the practical hints here adduced, availing ourselvis, 
however, of the improvements introduced into modem practice, — recominendB tlio 
following mixture as the best:— “ Procure some strong nitrous acid, and then mix, in 
a wide mouthed bottle one part of the acid, with five parts of water, adding to it a 
small quantity of sal ammouiac, in the proportion of the size of a hazel-nut to one 
pint of acid, when mixed for biting. The advantage of using the sal ammoniac is. 
that it has the peculiar property of causing the aqua fortistobite more directly down- 
wards, and lrss laterally, by which means lines laid very closely together are less 
liable to run into each other, nor does tlie ground so readily break up.” When the 
mixture is cool — for the acid becomes warm when first mixed with water — pour it 
on the plate, and let it continue there till the more delicate lines are presumed to bo 
corroded to a sufficient depth; this will probably be in about a quarter of an hour ; 
sweep off the bubbles as they appear on ihc plate with a camcl’s-hair pencil, or a 
feather; then pour off the acid through the gutter at the comer, wash the plate with 
warm water, and leave it to dry. Next, cover those parts which are sufficiently 
bitten in with Brunswick black, applying it with a eamel’s-hair pencil, and leave it to 
dry ; again put ou the acid, and let it remain twenty minutes or half an hour, to give 
the next degree of depth required ; and repeat this process of stopping out and biting 
in, until the requisite depths are all attained : three bitinys are generally enough for a 
pa Viters cubing. The work is now complete, unless the graver is to be used upon it, 
and the baukiug-wax may be removed, by slightly warming tlie margin of tlie plate ; 
and, finally, wash the latter wiili a soft rag dipped in spirits of turpentine, aud 
rubbing it with olive oil. If, when jlhe plate is’ cleaned, the engraver finds that the 
acid has acted as he wishes, he has secured what is technically termed “ a good 
bite” 

Steel plates require another method of hiting-in, on account of their extreme hard- 
ness, and liability to rust ; the mode just described is applicable only to copper, 
the metal -generally used by painters for their etchings. For steel plates mix 
together 

Purt» 

Pyroligneous acid ------- 1 

.Nitric acid - - - - - - " ”•"* 

Water 

This mixture Bhould not be allowed to remuin on above a minute; let it be washed 
off at once, and never use tlie same water twice ; the plate must beset up on its edge, 
and dried os quickly as possible to avoid rust : the acid may be strengthened where 
a stronger tint is required. „ . 

liebiting, a process frequently adopted to increase the depth of tint where it is re- 
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qnired, or to repair any portion of a plate that has been 'tom fly printing or acci- 
dentally injured, is thus performed. The platfmust be thoroughly cleaned, all traces 
of grouse removed, by washing it with spirits of turpentine and potass, and polished 
with whitening; it is then, when warmed over a charcoal fire or with lighted 
paper, ready for receiving the ground; this is laid by using a dabber charged with 
etching-ground, and carefully dabbing the surface ; by this means the surface of the 
plate only is covered, and the lines already engraved are left clear ; any part of the 
plate that it may not be necessary to rebite, must be stopped out with Brunswick black, 
and then the acid may be poured over the whole, as in the first process. 

Etching on soft ground is a style of engraving formerly much practised in imitation 
of chalk or pencil drawings ; since the introduction of lithography, however, it has 
been entirely abandoned. The soft ground is made by adding one part of hog’s lard 
to three parts of common, or hard, etching-ground, unless the weather be very warm, 
when a smaller quantity of lard will suffice ; it should be laid on and smoked in the 
manner already described. Mr. Fielding gives the following method for working on 
it 44 Draw the outline of your subject faintly on a piece of smooth thin writing 
paper, which must be at least an inch larger every way than the plate ; then damp it, 
and spread it cautiously on the ground, and turning the edges over, paste down to the 
back of the plate ; in a few hours the papeT will be dry, and stretched quite smooth. 
Resting your hand on the bridge, take an II or HB pencil, and draw your subject on 
the paper exactly as yon wish it to be, pressing strongly for the darker touches, and 
more lightly for the delicate parts, and, accordingly as you find the ground more or 
less soft, which depends on the heat of the weather or the room you work in, use a 
softer or harder pencil, remembering always that the softer tbe ground the softer the 
pencil ” (should be). 44 When tbe drawing is finished, lift up the paj>er carefully from 
the plate, and wherever you have tonchol with the pencil, tho ground will stick to 
the paper, leaving the copper more or Jess exposed. A wall is then put round the 
margin, the plate hit in, and if too feeble, rebit in the same way as a common etching, 
using hard etching-ground for tbe rebite.” 

Line engraving unquestionably occupies the highest place in the category of the art ; 
and, taking it as a whole, it is the most suitable for representing the various objects 
that constitute a picture. The soft, pulpy, and luminous character of flesh ; the rigid, 
hard, and metallic character of armour ; the graceful folds and undulations of draperies, 
the twittering, unsteady, and luxuriant foliage of trees, with the bright yet deep-toned 
colour of skies, have by this mode, when practised by the best engravers, been more 
successfully rendered than by any other. The process of line-engraving is, first, to 
etch the plate in the manner already described, and afterwards to finish it with the 
graver and dry point An engraver's etching differs from a painter's etching in that 
every part of the work has an unfinished appearance, though many engravers, espe- 
cially of landscapes, carry their etchings so for as to make them very effective : 
engravers of historical and other figure subjects, generally, do little more than etch 
the outlines, and the broad shadowed masses, or colours, of the draperies; the flesh 
being entirely worked in with the burin, or graver : no definite rules can be laid 
down as to the extent to which the etching should be advanced ere the work of 'tho 
tool commences, as scarcely two engravers adopt the same plan precisely: much 
must always depend on the nature of the subject Neither would it be possible to 
point out in what particular way the graver should he used in the representation of 
any particular object : this can only be learned in the studio of the master, or by 
studying the works of the best engravers : as a rule it may be simply stated, that in 
making the incision, or line, the graver is pushed forward in the direction required, 
and should be held by the handle, at^an angle very slightly inclined to the plane of the 
steel or copper plate : the action of the graver ir to cut the metal clean out 

Within the last few years an instrument, called a ruling machine, has been brought 
into use for laying in flat tints in skies, buildings, and objects requiring straight or 
slightly carved lines : considerable time is saved to the artist by its use, and more 
even tints are produced than the most skilful hand-work, generally, is ak?e to effect ; 
but to counterbalance these advantages, freedom 4s freqnently sacrificed, and in 
printing a large number of impressions, the machine-work, unless very skilfully 
ruled in, is apt to wear, or to become clogged with ink, sooner than that which is 
graved. 

Mczzotinto engraving is generally supposed to owe its origin to Colonel Xud wig von 
Siegen, an officer in the service of the Lmmlgrave of Hesse; there it extant a portrait 
by him^in this style, of Amelia, princess of Hesse, dated 1648. Von Siegen is said 
to have communicated his invention to Prince Rupert, to whom many writers have 
assigned tbe credit of originating it : there are several plates executed by the Prince 
still in existence. It differs from every other style of engraving, both m execution 
and in the appearance of the impression which the plate yields : a messotint engraving 
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resembles a drawing don't in 'washes of colour, by means of a carneTs-heir pencil, 
rather than a work executed with any uharp pointed instrument : but a pure mezzo- 
tint engraving is rarely produced in the present day, even for portraits ; the advan- 
tages derived from combining line and stipple, of which we shall speak presently, 
with it, to express the different kinds of texture in objects, have been rendered so 
obvious as almost to make them necessary : this combination is termed the mixed 
style. The distinguishing excellences of mezzotint are the rich depth of its shadows, 
an exquisite softness, and the harmonious blending of light and shade : on the other 
hand, its great defect is the extreme coldness of the high lights, especially where they 
occur in broad masses. 


The instruments used for this kind of work are, burnishers , scrapers , shading tools, 
roulettes, and a cradle , or rocking tool. The burnisher and scraper differ in form from 
those already described : the roulette is used to darken any part which may have been 
scrupcd away too much ; it ought to be of different sizes : the cradle is of the ««n»» 
form as the shading tool, and is used for the purpose of laying grounds. 

The operation of engraving in mezzotint is precisely the opposite of'that adopted 
in all other styles : the processes in the latter are from light to dark, in the former 
from dark to light , and is thus effected. A plate of steel or copper is indented all over 
its face by the cratlle , an instrument which somewhat resembles a chisel with a toothed 
or serrated edge, by which a burr is raised on every part in such quantities that if 
filled in with ink, and printed, the impression would exhibit a uniform mass of deep 
black : this operation is called laying the ground ; it is performed by rocking the cradle 
to and fro, and the directions, or ways, as the engravers call them, are determined by 
a plan, or scale, that enables the engraver to pass over the plate in almost any number 
of directions without repeating any one of them. When an outline of the subject 
has been first etched in the ordinary way before the ground is laid, the engraver pro- 
ceeds to scrape away, and then burnish the highest lights, after which the next lightest 
parts are similarly treated, and the process is repeated after this manner till the work 
is finished ; the deepest shades are produced from the ground that is left untouched. 
There is, however, no style of engraving for the execution of which it is so difficult 
to lay down any definite rules, for almost every engraver has his own method of 
working. 


Chalk or stipple engraving, for the terms are synonymous, is extremely simple. 
The plate has first to be covered with the etching ground, and the subject transferred 
to it in the ordinary way : the outline is then laid in by means of small dots made 
with the stipple graver ; all the darker parts are afterwards etched in dots larger and 
laid closer together. The work is then bitten in with the acid ; and the ground being 
taken off, the stipple graver must again be taken up to complete the operation ; the 
light parts and the dnrk are respectively produced by small and large dots laid in 
more or less closely together. Stipple is well adapted for, and is often used in, the 
representation of flesh, when all the other parts of the subject arc executed in line : 
hence it is very frequently employed in portraiture, and in engravings from sculpture. 
Chalk engraring is simply the imitation of drawings in chalk, and is executed like stipple, 
only 'that the dots are made with less regularity, and less uniformity of size ; in the 
present day, the two terms are generally considered as expressing the same kind of 
work. 

Aquatint engraving , which represents a drawing in Indian-ink or bistre even more 
than docs mezzotint, has been almost entirely superseded by lithography, and still 
more recently by ehronio-litliograpliy ; and there seems little probability that it will 
ever come into fashion again. This being the cose, and ns any detailed description 


..“operation; e _ 

merly one of onr most able eugravers in aqnutint. The process consists in pouring 
over a highly polished copper plate a liquid composed of resinous gum, dissolved in 
spirits of wire, which latter, evaporating, leaves the resin spread all over the plate in 
minute grains that resist the action of the aquafortis, which, however, corrodes the bare 
surfhee of the copper that is left between them ; this granulated surface is called a ground. 
The ground having been obtained, the margin of the plate should be varnished over, 
or stopped out, and, when dry, the subject to be aquatinted must be transferred to the 
plate, either by tracing or drawing with a soft black-lead pencil, which may be used 
on the ground with, nearly the same facility as paper; if the former method be adopted 
the tracing most be carefully fastened down to the copper by bits dong ™ 

upper edge. A piece of thin paper, covered on one side with lamp-black and 
oil, is placed between the tracing and the ground, with the coloured side downwards, 
and every line of the subject must be passed over with the tracing point, using a 
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moderate pressure. The tracing being finished and thcr>paper removed, a wall of 
prepared wax, about three quarters of an irffch high, roust be put round the platen 
with a large spout at one corner, to allow of the acid running off. 

The plate is now ready for use ; and the completion of the design is commenced by 
f stopping out the highest lights on the edges of clouds, water, &c., with a mixture of 
oxide of bismuth and turpentine varnish, diluting it with spirits of turpentine till of a 
proper confluence to work freely. Next pour on the acid, composed of one part of 
strong nitrous acid and five parts of water ; let it remain, according to its strength, 
from half a minute to a minute, then let it run off, wash the plate two or three times 
with clean water, and dry it carefully with a linen cloth. This process of stopping 
out and biting in is continued till the work is complete ; each time the aquafortis is 
applied a fresh tint is produced, and as each part successively becomes dark enough 
it is stopped out; in this manner a plate is often finished with one ground bitten in 
ten or twelve times. We wonld recommend those who may desire to become thoroughly 
i acquainted with this very interesting yet difficult mode of engraving to consult Field- 
ing’s Art of Engraving. 

A few remarks explanatory of the method of printing steel or copper plates seem to be 
inseparable from the subject. The press used for the purpose consists of two cylinders 
or rollers of wood, suppdVted in a strong wooden frame, and movable at their axes. 
One of these rollers is placed just above, and the other immediately below, the plane 
or table upon which the plate to be printed is laid. The upper roller is turned round by 
means of cogged wheels fixed to its axis. The plate being inked by a printer’s inking- 
roller, an operation requiring great care, the paper which is intended to receive the 
impression is placed upon it, and covered with two or three folds of soft woollen still! 
like blanketing. These are moved along the table to the spot where the two rollers 
meet ; and the upper one being turned by the handle fixed to the fly-wheel, the plate 
passes through it, conveying the impression os it moves ; the print is then taken oil 
tlie plate, which has to undergo the same process of inking for the next and every 
succeeding impression. The proof# of an engraved plate are always taken by tlie 
most skilful workmen in a printing' establishment ; in the principal houses there are 
generally employed from two to six men, according to tlie amount of business trans- 
acted, whose duty it is to print proof impressions only; they are called proven. A care- 
ful, steady workman is not able to print more than from 180 to 200 good ordinary 
impressions from a plate, the subject of which occupies about seven inches by ten inches, 
even in what is considered a long day’s work, that, is, about fourteen hours ; the pruvtr , 
from the extreme care required in inking the plate, and from tlie extra time occupied in 
wiping it, and preparing the India-paper, will do from thirty to forty, according as tlie 
subject of the plate is light or heavy. This difference in the cost of production, taking 
also Into account that the proofs are worked off before the plate has become worn, 
even in the least degree, and that very few proofs, compared with the ordinary prints, 
are generally struck off, is the reason why they are sold at a price so much greater than 
the latter. 

Notwithstanding the vast multiplication of engravings within tlie last few years, it 
is generally admitted, by those best acquainted with the present state of the ai t, ''that 
it is not in a healthy condition. The highest class of pictorial subjects — history, and 
the highest style of engraving— line, have given place to subjects of less exalted cha- 
racter, and to a mixed style of work, which, however effective for its especial purpose, 
is not pure art. The pictnrcB by Sir E. Landseer have gained for engravings of such 
subjects a popularity that lias driven almost everything else out of the field, and have 
created a taste in the public which is scarcely a matter of national congratulation. We 
have engravers in the country capable of executing works equal to whatever has been 
produced elsewhere at any time, hat their talents are not called into requisition in snch a 
way as to exhibit the art of engraving in its highest qualities. Publishers are not 
willing to risk their capital on works which the public cannot appreciate, and hence 
their windows are filled with prints, the subjects of which, however pleasing and 
popular, are not of a kind to elevate the taste ; whilejthe conditions undgr which en- 
gravers generally are compelled to work, offer butdittle inducement for the exercise 
of the powers at their command. Engraving on copper is in the present day but rarely 
attempted ; formerly nothing else was thought of ; now the demand for engraving is 
so great that copper, even aided by the electrotype, is insufficient to me^t its require- 
ments. In consequence of the comparatively small number of impressions which it 
yields, a copper-plate will seldom produce more than 500 or 600 go*d prints ; we have 
known*® steel, with occasionally retouching, produce more than 30,000, when well 
engraved, and carefully printed ; very much depends on the printer, both with regard 
to the excellence of the impression and the durability of the plate. The public demand 
is for prints both large and cheap, and to obtain tins result, the engraver is too often 
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Obliged to sacrific# those jnalitics of his art which under other circumstances his work 
would exhibit Such is the state of engraving with us now. There are few, even of 
the best artists wc have, who by their utmost efforts can earn an income equal to 
that of a tradesman in a small but respectable way of business. This is an evil to be 
deplored, for it assists to deteriorate the art by forcing the engraver to labour hard for > 
a maintenance, instead of placing him in a position that would enable him to exalt the 
art and his own reputation at the same time. • 

A process of depositing steel upon an engraved copper-plate has recently been brought 
over to this country from France. M. Joubert, a French engraver long settled in 
England, has introduced it here ; he has informed us that a copper-plate thus covered 
may be made to yield almost any number of impressions, for as the steel coating be- 
comes worn it can. be entirely taken off, and a new deposit laid on without injury to the 
engraving, and this may be done several times; M Joulwrt has repeated the experi- 
ment with the most satisfactory results. 11c thus describes his process in a commu- 
nication made to the Society of Arts, and printed in their journal : — 9 0 

“ If the two wires of a galvanic buttery he plunged separately into a solution of 
iron, having ammonia for its basis, the wire of the ]>ositive pole is immediately acted 
upon, while that of the negative pole receives a deposit of tl^ metal of the solution — 
this is the principle of the process which wo have named “ acieragc.” 

“ The operation takes place iu this way : — By placing at the positive pole a plate or 
sheet of iron, and immersing it in a proper iron solution, the metal will he dissolved 
under the action of the battery, and M ill form an hydrochlorate of iron, which, being 
combined with the hydrochlorate of ammonia of the solution, will become a bichlo- 
ride of ammonia anl iron; on n copper plate being placed at the opposite pole ard 
likewise immersed, if the solution be properly saturated, a deposit of iron, bright and 
perfectly smooth, is thrown upon the copper-plate, from this principle : — 

“ Water being composed of hydrogen uud oxygen : 

“ Sal ammoniac being composed of ; — 

“ 1st. Hydrochloric acid containing chlorine and hydrogen ; 

“2nd. Ammonia, containing hydrogen, nitrogen, and oxygen : 

“ The water is decomposed under tin* galvunic action, and the oxygen fixes itself 
on the iron plate, forming nn oxide of iron ; the acid hydrochloric of the solution 
acting upon this oxide becomes a hydrochlorate of irou, whilst the hydrogen preci- 
pitates itself upon the plate of the negative pole, and, unable to combine with it, comes 
up to the surface of the solution in bubbles. 

*■ My invention has for its object certain means of preparing printing surfaces, 
whether for intaglio or surface printing, so as to give them the property of yielding 
a considerably greater uumlxr of impressions than they are capable of doing in their 
ordinary or natural state. And the invention consists in covering the printing sur- 
faces, whether intaglio or relief, and whether of copper or other soft metal, with a 
very thin and uniform coating of iron, by means of electro-metallurgical processes. 
And the invention is applicable whether the device to be printed from be produced by 
engraving by hand, or by machinery, or by chemical means, and whether the sur- 
face printed from be the original, or an electrotype surfucc produced therefrom. I 
would remark that 1 am aware that it has been before proposed to coat type and 
stereotypes with a coatiug of copper, to enable their surfaces to print a larger number 
of impressions than they otherwise would do ; l therefore lay no claim to the general 
application of a coating of harder metal on to the surface of a softer one, but my 
claim to invention is confined to the application of a coating of iron by means of 
electricity on to copper and other metallic printing jurfuces. 

“ Ju carrying out the invention 1 prefer to use that modification of Grove’s battery 
known as Bunsen's, and 1 do so because it is desirable to have what is called an in- 
tensity arrangement The trough I use for containing the solution of iron in which 
the engraved printing surface is to be immersed in order to be coated is, lined with 
gutta percha, and it is 45 inches long, 22 inches wide, and 32 inches deep. _ In pro- 
ceeding to pypare for work, the trough, whether of the size above mentioned or 
otherwise, is filled with water iu Combination with hydrochlorate of ammonia (sal 
ammoniac) in the proportion of one thousand lbs. by weight of water to one hundred 
lbs. of hydrochlorate of ammonia. A plate of sheet iron, nearly as long and as deep 
us the trough, is attached to the positive pole of the battery and immersed iti the solu- 
tion. Another plate of sheet iron, about half the size of the other, is attached to the 
negative poly of the^batterv, and immersed in the solution, and when the solutiop has 
arrived ut the proper condition, which will require several days, the plate of iron 
attached to the negative polo is removed, and the printing surface to be coated is at- 
tached to such jHile, and then immersed in the bath till the required coating of iron is 
obtained thereto. If, on immersing the copper plate in tlic solution, it be not im- 
mediately coated with a bright coatiug of iron all over, the hath is nef in a proper 
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condition, and the copper plate is to be removed and th* iron jilatc attached and 
returned into the eolation. The time occupied* in obtaining a proper coating of iron 
to a printing snr&ce varies from a variety of causes, but a workman after Borne ex- 
perience and by careful attention will readily know when to remove the plate from 
tiie solution ; and it is desirable to state that a copper plate should not be allowed to 
remain in the bath and attached to the negative pole of the battery after the bright 
coating of ire*! begins to show a blackish appearance at the edges. Immediately on 
taking a copper plate from the bath great care is to be observed in washing off the 
solution from all parts, and this I believe may be most conveniently done by causing 
jets of water forcibly to strike against all parts of the surface. The plate is then 
dried and washed with spirits of turpentine, when it is ready for being printed from 
in the ordinary manner. 

•• If an engraved copper plate be prepared by this process, instead of a comparatively 
limited number of impressions being obtained and the plate wearing out gradually, a 
sery large number can be printed off without any sign of wear in the plate, the iron 
coating protecting it effectually ; the operation of coating can be repeated as many 
limes as required, so that almost an unlimited number of impressions can be obtained 
flrom one plate, and that a copper one. 

“ This process will be found extremely valuable with regard to electrotype plates 
and also for photogalvanic plates, since they can be so protected as to acquire the 
durability of steel, and more so, for a steel plate will require repairing from time to 
time, these will not, but simply recoating them whenever it is found necessary ; by 
these means one electro copper plate has yielded more than 12,000 impressions, and 
was found quite unimpaired when examined minutely.*' — J. D. 

ENGRAVING ON WOOD. The art of wood engraving is so intimately con- 
nected with that of book-printing, that it is impossible to dissever the one from the other, 
inasmuch as the earliest books were printed from large woodcuts, the entire page, 
text, and illustrations being engraved in one solid block. Hence the term “block- 
books " given to these ancient works. The impression from these engraved pages is 
generally taken in a thin ink, sometimes of a brown hue. which occasionally spreads 
or blots on the lines or letters; and the printing is generally supposed to have been 
effected by friction on the hack of the damped paper laid on the inked lines; the 
sheets so printed were afterwards pasted back to back, and thus formed consecutive 
pages of tne volume. Such books originated from the large wood-cuts of a devotional 
class, which, in the early part of the 1 f>th century, were spread by the clergy among 
the common people, perhaps to counteract the evil produced by the use of playing 
cards, which were also printed in large sheets of cuts, and severed afterwards; but on 
this point typographical antiquaries are not agreed, as dates and other evidence are 
wanting to enable ns to fix cither time, or place, to these early productions. The 
earliest wood-cut bearing a date is that belonging to Earl Spencer, and representing 
St. Christopher carrying the Saviour across an arm of the sea; it has two lines of 
text beneath it, and the date 1423 thus expressed “millesimo cccc° xx° terciou" * 
The British Museum is possessed of some very early single- leaf wood- cats: one repre- 
senting Christ brought before Pilate, is executed in bold course outline, the figures 
are very large, and retain the characteristic features of the drawings seen in manu- 
scripts of the 14th century. Another undated cut is one of those fanciful inventions 
which the scholastic men of that early day delighted in constructing; it is termed 
Tunis Sapiencic , every stone of which is inscritied with the name of some moral 
virtue, the foundation buttresses being prudence, fortitude, justice, and temperance; 
the windows which give it internal light being discretion, religion, devotion, and con- 
templation. Another representing the seven ages of man, is supposed to be a work 
of the middle of the 13th century. It was fount] pasted inside the covers of an old 
book, a practice which has preserved many specimens of old engraving which would 
else have been lost On the opposite cover is a fragment of another large cut, repre- 
senting the Virgin with St. Joachim and St Anne. The St Christopher above named 
was discovered in the cover of a volume iu the conventual library atiJtaxheim, in 
Suabia. All these old wood-cuts, as well as the alock books, are generally daubed 
with flat tints of coarse colour, supposed to have been done with stencil plates, such 
as tiie card painters used on some occasions; but evidently rudely executed by hand 
in others. They are all precisely of the kind to attract the uneducated eye; and to 
this day similar coarse prints are used by the clergy to aid the devotions of the 
peasants of the Germanic nations. t „ 

* Much interest was excited some few yean ago by the discovery of a cut in the library at Brussels ap- 
parently bearing an earlier date; but strict investlgutlon has since proved that one of the C*s In the date 
has beat omitted ; this makes just one hundred yean difference in its age. But the date thus altered Is 
quite in accordance with the general character of the design and execution of the cut, which, on the 
contrary, do not at ail agree with the earlier date originally assigned to it. 
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The most oelebr<|fed of the block books is that termed the Bihlia Puuperwn. Each 
rage is divided by architectural compartments into three subjects, from the Old and 
New Testament, selected to form 44 parallel passages " of sacred writ ; above and below 
are other compartments with heads of the prophets, and in the intervening spaces, 
or upon scrolls, are explanatory inscriptions. The page measures 10 inches by 7J, 
and is one of the most elaborate works of its class ; but it exhibits very small claims 
to attention as a specimen of art, certainly less than the Cantica Canticorum, each page 
of which is divided horizontally into two pictures, with slight descriptive lines on 
scrolls; or the Apocalypsis Sancti Johannes , which is similarly arranged and in both 
of which we occasionally find much power of drawing and ability of grouping. The 
dates of these books can only be conjecturally given, but they are probably contem- 
porary with the St. Christopher, or but a few years later. Judging from general 
characteristics the Apocalypse seems to be the earliest The figures are executed 
entirely in outline, with no attempt at shadows, which appear sparingly on the St 
Christopher, and are very freely introduced in the Canticles , and still more abundantly 
in. the BHUici Pauperum. These effects are always produced by a series sf short lines 1 
laid parallel to each other, nor is any attempt made to enrich the meagre character of 
the work by crossing the lines, as in more modern engraving. The debate, which his 
excited so many historians as to the place where printing first had birth, has included 
many doubts concerning the country where these old block-books were fabricated ; 
but from the armorial bearings which appear on the shields of some figures in the 
Canticles , Germany seems to be the country where that series was designed*; probably 
Flanders or Holland may claim the Bihlia Pauperum, which docs not bear equal traces of 
refinement in art The Speculum Humana Salvationis has been claimed for Laurence 
Coster of Haarlem. This book was a combination of block-book and movable type, 
having long cuts across the top of each page, divided by columns into two subjects, 
with moveable types beneath. It is not unusual to meet with woodjut pages of type 
alone at this period; and books with such pages, or with the addition of wood cuts, 
were produced by the old engravers alter the invention of movabie types; but, a* 
metal-cast letters speedily usurped the place of the wooden ones, the wood engravers 
seem to have soon confined themselves to the pictorial branch of the urt 

The love of pictured illustrations of narrative history gave a permanence to the 
art of wood engraving, and the works printed in Italy, as well os those introduced 
into England by Caxton, were adorned with cuts. They are, however, of the 
rudest kind, with brood heavy lines, nnd were most probably produced from coarse 
pen drawings made on the surface of the wood, and mechanically ent by the engraver. 
Toward the close of the fifteenth century 44 cross hatching ” (as lines of shadow cross- 
ing each other are technically termed) is first seen, and in the Nuremburg Chronicle, 
1493, they are freely used. The designers and engravers of these cuts, perceiving 
the effect, which may be so readily obtained in wood engraving, by leaving the wood 
untouched with the graver for solid masses of shadow, have availed themselves of it, 
and given stronger effect to their cuts thereby. Michael Wohlgemuth and William 
Pleydenwurff were the designers employed ; the former artist was the .master of 
Albert Durer, who ultimately raised wood engraving to the highest point of ex- 
cellence. # ■ 

JDurer’s first great work was a series of sixteen large cuts illustrative of the 
Apocalypse. They were published iu 1498, and attracted great attention from the 
vigour and strange originality of their design, and the artistic character of their treat- 
ment In 1511 another series of cuts was published at Nuremberg by Durer, 
illustrative of the Apocryphal Life of the Virgin. They evidence, the gieat improve- 
ment which the artist had made during the inlerval,<fltnd are certainly the. finest wood 
cuts which had ever been executed up to that period ; but they are. eclipsed by the 
series of eleven large cuts published soon after, representing scenes in the Passion of 
Christ; and which may be fairly considered triumphs of the art of wood-engraving, 
unsurpassed in design aud execution by any successors. The art had now become 
appreciated wherever it was known, and a host of wood engravers found employ in 
Nuremberg, cutting the designs of^ Durer, Hans Burgmair, Hans Schanfelein, and 
other artists ; who found no lack of patronage in the old imperial city, lor the Empe- 
rr»r Maximilian I., extensively employed them in various works illustrative ot his real 
or fancied exploits. f . 

So important'was this royal patronage, that the engravers set no bounds to the sue 
of the works they attempted, and hit upon the plan of joining one block of wood to 


• Among them is the double-headed eaalr of Austria, the black cr0wnB 

or Cologne, the cross -keys of Hatiabon, the arms of lVurtomt^rg. NjmpheDbur^nd Alwwe. 

+ Such were the adventure, of the Knight Tl.tierdank, under which JgjK *2 

44 The Wise King," an equally flattering picture of hi. early education and actions , and the magnificent 
series of cuts, known as * The triumphs of Maximilian. 

Vol. IL 
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another, until in the engraving representing the triumphal arefc in honour of this 
emperor, a wood-cut was completed in this ^ay, measuring ten feet by nine. The 
sise is, however, not its only claim to attention, for it is throughout designed and en- 
graved with the utmost care and beauty. 

In all these cuts of the great masters of the art of wood-engraving, we only find the 
name of the designer recorded ; thus, Durer, and others of his era, whose names 
occur on cuts, were the designers and draughtsmen on the wood ; but the engraver 
was considefed in the light of a mechanician, and, except in a very few instances, his 
name was not displayed. To fully understand this, it is necessary here to explain the 
whole process of wood engraving at this time. A block of wood being prepared 
from a perpendicular cutting of pear-tree, upon the surface was made a drawing, in 
which every line was delineated with pencil or reed-pen, exactly as the cut was 
ultimately to appear ; the intervening spaces of plain wood between every line were 
then cut away ; and in this manual dexterity consisted the whole merit of the engraver. 
' The abundance of cross-hatching so constantly found in old wood cuts, is explained 
* by the fact of this being the easiest and best mode for the draughtsman to employ in 
getting his eifects of light and shade ; the extreme labour it involves to the engraver 
not being considered ; but when it is understood that each minute space has to be cut 
down from each angle of the lines, and the centre entirely cleared out, some idea may 
be formed of the labour required, when thousands of such squares occur on some of 
Durer’s large cuts, independent of other work. The backs of some of these old blocks, 
particularly those in the Triumphs of Maximilian, are marked with the names of the 
enerravers, and there is proof that women practised the art $ but it is not at all likely 
that the artists who designed, and drew upon the wood these designs, went through 
the merely mechanical labour of engraving them. 

The great impetus thus given to wood engraving* kept it prominently before the 
world during the whole of the sixteenth century, when the presses of the continent 
continually brought forth a series of volumes remarkable for the beauty of the cuts 
by. which they were illustrated. This practice of the book-trade gave rise to a 
series of artists known as “ the little masters ” of the German school, from the small 
sise of their works ; among whom the principal who connected themselves with 
engraving on wood were Virgil Solis, Henry Aldegravcr, the two Bchaims, Lucas 
Cranach, Urse Graff, Albert Altdorffcr, Jost Ammon, and Solomon Bernard. 

In Italy, Ugo da Carpi practised with success, from the year 1518 , the art of en- 
graving on wood imitations of tinted drawings ; an art which originated with the 
Germans, but which he much enlarged and improved. It consisted in a series of blocks 
cut to imitate patches of colour, and made to print over %aoh other in gradations of 
tint, until the chiaroscuro of a drawing was secured ; then the coarser and bolder 
lines defining the whole design were printed over all, and a capital imitation effected 
of the bold cartoons, consisting of vivid outline and broad washes of tint, used as first 
sketches for their pictures and frescoes by the artists of that era. 

A perfect rage for book illustration seems to have beset the printers soon after the 
death of Durer. The most prolific artists who supplied their wants, were Jost Ammon 
and Solomon Bernard : the foimer executed a multitude of designs on every imagina- 
ble subject ; the latter, equally prolific, devoted himself chiefly to the illustration of 
sacred or classic literature. The greatest publishers of such books were Sigismond 
Feyeraband, of Frankfort-on-tke- Maine; Jean de Tournee, and Trechsel, of Lyons ; 
and Plantyn, of Antwerp. From their presses issued a series of small volumes, which 
can only come under the generic title of “picture books ; ” for they were got up for 
the sake of exhibiting the favourite art of wood-engraving, and only contain a few 
descriptive lines of type beneath each cut. The cuts executed by Ammon are all 
remarkable for correctness of drawing and f vigorous effect ; thpse of Bernard are 
less Scholastically correct, but contain more evidence of grace and fancy. The de- 
signs of these artists abound in books published between 1550 and 1580 ; but the 
most admirable series were executed in a little volume published at Lyons, in 1538 , 
without the name of draughtsman or engraver, the Simukchres de la Mort, known 
amonp bibliographers as the M Lyon’s Dance ofaDeath,” a collection 'of cuts which, 
for minute beauty and perfection of design and execution, are completely unrivalled, 
and have not been equalled by any modern copyistf This was the Augustan age of 


•Durcrt engravings were so exceedingly popular, that they found their way all over Europe. 
Raphael admired them In Rome, and was inefu ea to perpetuate nls own designs *oy employing Mara 
Antonio Raimondi to engrave them on metal under bis own superintende. ee. So originated the 
modern print trade. Durer*! designs were so mucli In request, that Lucas w n Leydqn Imitated them 
on cdpper, for sale to such persons as could not perceive the great difference between the vigorous ori- 
ginals. and his tame and disagreeable copies. Durer was ultimately obliged to apply for lep fl restr icti o n s 
hjuiiit thcM piradci. 

t The designs have been popularly ascribed to Holbein, and, apparently, with reason. An artist 
Hans Lutaelbnrgher, of Basle, has been conjectured to have been the engraver, from the 
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t>oak-i]Iu8tratioii,iirhicli flourished in popalar favour until the clow of the sixteenth 
century, when a minute tameness, in omtradistinction to the vigour of the earlier en- 
gravers, began to appear, and reached its culmination in such cuts as were riven in 
Nicolay’s “ Travels in Turkey ” (Antwerp, 1570). s 

Titian is said to have furnished designs for various woodcuts, particularly the 
scries of Costumes published at Venice in 1590) and a very large coarse ent of the ' 
Destruction of Pharaoh and his host, more than four feet long, is said to have been 
one among many of uncommon sixe executed from his designs, they were printed on 
separate blocks, and then pasted together in the manner of wall-papers. One renre- 
Renting the sacrifice of Abraham is remarkable for the variously tinted infra m which 
it is printed to exhibit gradations of distance. 

i ■ in the of to* seventeenth centmr, had sunk from its 

high estate. The last great artist who had employed himself in connection with the 
art was Hans Ilolbein, and we do not find a great name again conjoined with it until 
the middle of that century, when Rubens employed Jegliers, of Antwerp, to engrave 
some of his drawings on wood. The generality of woodcuts in books of this erf 
rival in coarseness the older block-books; the wood-engravers seem to have sunk Into 
mechanics, unassisted by good artists to furnish them with drawings. The art bad 
become vulgarised, its profession a trade, and the demanded supply scarcely better 
than the requirements of the ballad printer desired. They were ancillary to the 
commonest uses of the press, and all art speedily vanished from the cuts manu- 
factured probably at a very cheap rate for temporary use. Of this kind are the 
cuts sprinkled through the English books of the time of James and Charles I. It is 
possible that the printers were supplied with them from Germany and Flanders. It was 
customary to use woodcuts repeatedly, particularly if merely ornamental ; in this 
way initial letters were reproduced as the stock in trade of the printing-office * ; and 
even scenes of adventure, adopted unscrupulously for other events, to which there 
was the slightest general resemblance. f The names of these “ wood-cotters " have 
not descended to our time; their works are widely scattered over general literal.’ re, 
and it is not until the middle of the century that wc meet with any instance of an 
attempt to arrest the downward progress of the art Then, os we have previously 
noted, Rubens, probably anxious to rival Durer, engaged Christopher Jeghcr, of 
Antwerp, to execute, under his own superintendence and at his expense, a series oi 
large drawings made by himself upon the wood. Thiy differ from the style of the 
earlier masters, and frequently have a confused blotted look in the lines, which ; .*o- 
duee deep shadows ; they possess, however, all that boldness and vigour of treatment 
for which the great Flemish painter wus so deservedly celebrated ; but the engraving 
is coarse and mechanical. Rubens appears to have felt this, and sometimes a tinted 
block is added over all, with high lights cut upon it, to give softness and brightness 
to the whole ; an idea lie may have adopted from the engravers of Italy who suc- 
ceeded Ugo da Carpi (among whom may be honourably mentioned Andreas A ndreani, 
of Mautua, born 1040, died 1620), or from the designs of Lalleman engraved by Bu- 
sinek, which were nearly contemporaneous in France. 

Tjiongh “ fallen from its high estate,” the art never sank into complete decay, 
either in England or upon the continent; there were always a few who fullowed the 
profession, and aided the printer with such cuts and diagrams as he might require. 
The family of the Jeghers practised in Antwerp until the end of the century; a clever 
scries of woodcuts illustrative of the service of the Mass wus published at Ghent, 
and executed by Kraaft in 1732. In France, the family of Le Sueur weTe employed 
through three generations by booksellers ; the last, Nicholas, died in 1764; while 
Papillon, the author of a Trailc de la Gravure m Rois, lmd practised the art from the 
commencement of the century until >770, and had been patronised so extensively by 
the booksellers of France and Holland that he counts his cuts by the thousand. In 
England, E. Kirkhall executed cuts for hooks, and from 1722 to 1724 a series of 12 
block- prints, in imitation of ITgo da Carpi’s work already alluded to ; in this latter style 
he produced a greater pupil in J. Jackson, who very successfully copied some of the 


Initials H. L. on one of thorn. Hr this time it hod become usual to append the initials of engravers to 
woodcuts, as well ns those or the designers. _ , . 

• In the old printing office of I’lautj n at Antwerp, is still preserved a large qnnntitr of woodcuts, ori- 
ginally engraved fur tho b<»oks he issued ut the end of the 16th century, particularly the emblems of 

t The number of Impressions n woodcut will yield has never yet been established. Tho elasticity of 
wood gives is a grcntyndvnntngo over metal in press-printing; and while copper and steel 


ally used* cuts that hod been engraved in the reign of Charles I., and had headed popular ballads for 
more than 100 years. 
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great works of Titian, Paul Veronese, and others, during the years 17^8 to 1742 ; at this 
time he resided in Venice, after a short sqjournain Paris, wnere he was occasionally 
employed as a wood-engraver. Many cuts scattered through English books about 
the Bavne period bear the initials of F. II. for Francis Hoffman, whose name is en- 
graved in ftill on a tail-ptae, representing enpids surrounding a lighted altar, to be 
1 seen in the first edition of Gulliver's Travels , 1726, vol. ii. p. 47. An engraver named 
Lister execute^ some cuts of a much better character than usual about 1760, particularly 
those in the Oxford Sausapc; and in Sir John Hawkins's History of Music are some of 
the largest and most ambitious cuts at that time attempted anywhere. They were 
engraved by T. Hodgson. Three other persons named respectively, W. Pennock, 
S. Watts, and H. Cole, occasionally devoted themselves to wood-engraving, which 
seems to have been practised by such copper-plate engravers as devoted themselves 
to “ general work ” for the printing trade or the public, and who varied their labours 
by occasionally engraving shop-bills or door-plates. 

There is one great change in the cuts produced during this period, the result of a 
different style of drawing made for the wood-engravers, and which discarded cross- 
hatching and its consequent tedious labour, for a tinted or washed drawing which 
could be cut into a series of lines by the tool, expressing the varied tints more simply 
and readily. The art of ft lowering H or scraping down to a lower level various parts 
of a cut that should appear light, and so assist the press in its labours, was also prac- 
tised, and the harder wood of the box tree not'd. Such was the Btate of the art when 
a Northumbrian peasant boy was destined to appear, again draw universal attention 
to the neglected profession, and found the modern school of wood engraving. 

Thomas Bewick was the son of parents engaged in a colliery, who lived at Cherry- 
bum twelve miles west of Newcastle-on-Tyne ; he was bom in 1753 and passed his 
early years helping his father's labour. His leisure hours were earnestly devoted to 
the small amount of knowledge a village school could impart ; but as a strong love 
for naturc,and for its imitation, soon developed itself in the boy, his father determined 
to apprentice him to an engraver of Newcastle, Mr. K. Beil by, whose work was of that 
“ general " kind undertaken in a busy country town. There he occasionally engraved 
initials on tea spoons or names on door plates, until, in the second year of his ap- 
prenticeship, his roaster received an application from Dr. Hutton for wood-cut 
diagrams, such as were then executed in Ixmdon, to illustrate his treatise on 
mensuration. Beilby knew that young Bewick had been making some attempts in 
this style and he encouraged him to persevere; he did so, and Hutton's book was 
published in 1770 with Bewick'S cuts. The young engraver had many difficulties to 
contend against, and hod even to construct his own tools ; among the rest, a double- 
pointed graver to enable him to cut both sides of a line at once, and so ensure its 
equal thickness throughout In 1775, he executed a cut and sent it to the Society of 
Arts, in London, who awarded him a medal ; and in the following year he visited 
London, and was employed by Hodgson, whom we have already noted as the engraver 
of the cuts in Hawkins's History of Music ; as well as hy II. Cole. There need be 
little doubt that this visit to the London wood engravers was useful to Bewick, for he 
must have become by that means acquainted with the usual mode of practising the art, 
the proper kinds of tools used, and the various things which make the mechanical part of 
the profession ; but he had fortunately formed a style of his own, so very original, and 
based so firmly on the study of nature, that wood-engraving in his hands became an art 
presenting many novel and attractive features never visible before. The wood-engravers 
from the days of Durer, or from the first invention of the art, depended slavishly on the 
drawings made upon the wood, and did little more than cut away the interstices; but 
Bewick cut out of the wood a vast* deal of that which no draughtsman could so draw ; 
for with the aid of a slightly tinted drawing, he would cut the foliage of trees, the 
plumage of birds, the texture of animals, or small figures and birds, by the graving 
tool alone. His dextrous hand was guided by a perfect knowledge of nature, and 
every line he cut expressed drawing ; in this was his great distinction over all other 
wood engravers ; he cut his pictures out of the wood, the others cut the wood out of 
the pictures. w * 

Bewick disliked London, and speedily returned to his native place, nis first work 
was an illustrated edition of Gay's Fables, published in 1779 by T. Saint, a printer of 
Newcastle, much engaged in the publication of children's bookB, and such as the 
travellingschapmen carried in their packs for the edification of the villagers. These 
cuts bear the earliest traces of that accurate delineation of nature, and minute truth- 
fulness of expression, which ultimately gave his works universal Venownf The wild 
plants and grasses, however minnte they are cut, can always be distinguished by the 
naturalist ; the proper foliage of every tree is truthfully cut by his graver ; the birds 
and insects, however minnte, are perfect in drawing ; and the general effect of his 
wood-cuts artistically powerful. As he fully felt the value of leaving the wood itself 
to express Bond ghadow, he had not the timidity which imagines labour to be ncces- 
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sary to success. Che litjle cut of the Fox and the Bramble in this volume is a good 
illustration of Bewick’s mode. Every leaf of the bramble is cut out, white upon 
black, with the most truthful power of drawing ; the spines on the stem of the bramble 
are visible to the eye ; the fern beside it is similarly expressed by cutting the form 
of Its foliage with tho most perfect freedom upon the solid block of wood. Each 
bush has its distinctive lea£ The dogs in the distance are similarly cut out by the * 
graver on a tinted ground ; and the few lines which cover the bqfly of the fox 
entangled in the bramble, express its texture with a spirit which no mere cutting of a 
drawing placed on wood by a professional draughtsman could ever give. Bewick’s 
cuts are sometimes termed coarse, but no elaboration of labour will elevate the costliest 
woodcut above these works, for which Bewick obtained but nine shillings each ; 
unless drawing can be expressed by the engraver as perfectly as Bewick could 
express it 

Assisted by his brother John, the Newcastle engraver issued a series of works 
devoted to natural history ; the best being the 21 into nj of British Birds. Herg 
Bewick's knowledge of nature, and power of expression by means* of his graver 
shone forth conspicuously. His books became equally celebrated for the humoious 
tail-pieces he occasionally introduced redolent of whim und original genius 11c laboured 
steadfastly at his art to a good old age. His brother John 4cft Newcastle to reside iu 
London, where he was much employed, but a pulmonary complaint killed him at the 
early age of thirty-five. He died in 1 795. Thomas Bewick lived to the advanced 
age of seventy-five. He died in 1828, having worked upon a large woodcut only 
a few days before his death. 

The pupils educated by Bewick were few. The best were Charlton NesbiL I. uke 
Clennell, William Harvey, and John Jackson. Nesbit settled in London, and was 
extensively employed during a long life. Clennell after a while, devoted himself to 
painting. Harvey turned his attention to drawing on wood, and his designs for hook 
illustration may be numbered by the thousand; his best arc in line’s edition of the 
Arabian Nights' Entertainments . Jackson was greatly employed by tho publishe. of 
the latter work, Mr. Charles Knight, particularly on the best cuts in the once-famed 
Benny Magazine. 

At the early part of the present century, Mr. Robert Branstcn founded a Loudon 
school of wood-engravers, of which he was the head. His style was peculiar, unlike 
Bewick’s, though like him he was self-taught. His cuts have more refinement, but 
less knowledge of nature ; his best pupil was John Thompson, who combines in his 
best cuts, the refined knowledge of light and shade, with much of Bewick's power of 
expressing drawing. Samuel Williams was one of the few modern engravers, who 
made his own drawings upon the wood, and he produced very brilliant effects by 
frcquently leaving the wood in solid masses of black. Drawings for wood engravers 
were at this time chiefly supplied by artists who devoted themselves to that particular 
branch of the art j and knew how to design their compositions so that they should 
best display the peculiarities of wood-engraved effects. Thurston, Craig, and Harvey 
were the principal artists so engaged. 

Ar large number of wood-engravers, the pupils of tho Newcastle and London ateliers , 
helped to supply the booksellers at home and abroad for a considerable number of 
years. It was the custom, some twenty years ago, for the foreign booksellers, parti- 
cularly in Paris, to send the blocks across the channel to English engravers to execute ; 
this led ultimately to several settling on the continent, particularly in France and 
Germany. The French publishers always seat the wood block with the drawing 
carefully executed on its surface, by a native artist These drawings were always 
elaborately executed in pencil, greatly resembling etchings ; little was consequently 
left for the engraver to do, but follffw the lines and cut away the spaces ; patience 
hence became the chief virtue of the wood engraver , and. it was ultimately found 
that its exercise produced so certain an effect, that apprentices knowing, nothing of 
art might aid in thus working out good engravings ; and the old style of tinted draw- 
ing on wood^was discarded for this “ facsimile ” work ; the best draughtsmen among 
the French and German artists having willingly furnished these drawings, English 
artists of a higher grade were induced to draw on wood, but they occasionally failed 
from not clearly understanding the peculiar effects their, work should produce, and 
the characteristics of the art. Generally speaking, wood engravers prefer cutting 
from the drawings of professional draughtsmen on wood ; who generally execute tneir 
work with jucli elaborate precision, that the engraver has nothing more to do than 
follow their lines ; this, however, has made mere mechanism of much modem wood- 
engraving; and many expensive cuts exhibiting pencilling in crossed and re-crossed 
lines, occupying wearisome labour, and costing many ill-bestowed ^sovereigns, can 
only be classed with such “art** as is devoted to engraving the ® 

compass of a silver penny ; and merely produces the same general effect Iliac Bewick 
would have obtained in a few bold lines. 
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The great difference between ancient and modern wood fngrav&g consists in this 
very boldness ; and the practice of the art was essentially different in the sixteenth and 
eighteenth centnries. The old wood engravers cut on large blocks of soft wood, 
such as pear-tree, the way of the grain ; the moderns, on small blocks of the hardest 
wood they can obtain — the turkey box. and across the grain. The old engravers 
cut the work downwards with small knives or gauges; the moderns use gravers of 
various widlhr to cut out the spaces between fine lines, and broader chisels or gouges 
to clear away the broad spaces of white. Wood engraving is the exact opposite to 
copper-plate engraving in the mode by which the lines of engraving are produced. 
The copperplate engraver produces his lines by cutting into the metal at once, the 
wood engraver produces his Hues in relief cut out of the block of wood ; every line 
he engraves has to be ent by a double operation, by slicing away the wood on each 
side of it ; for though it is recorded that Bewick invented a double cutting fork-shaped 
graver to cut away both sides of a Hue at once, no such tool has ever since been 
vied in the profession. 

In order to r make the whole process of wood engraving clear to the. reader, 
we will now simply describe the production of a wood cut from the time it leaveB 
the timber-merchant, nntil it is fit for the hands of the printer. The log of box is ent 
into transverse slices, { of an inch in depth, in order that the fuce of the cut may boon 
a level with the surface of the printer’s type, a d receive the same amount of 
pressure ; the block is then allowed to remain somo time to dry, and the longer it is 
allowed to do so the better, as it prevents accidents by warping and splitting, which 
sometimes happen after the cut is executed if the wood is too green. The slice is 
ultimately trimmed into a square block, and if the cut be large, it is made in various 
pieces strongly clamped and screwed together ; and this enables engravers to get 
large cuts done in an incredibly short space of time, by putting the various pieces 
into different engravers’ hands, and then screwing the whole together. The upper 
surface of the wood is carefuUy prepared so that no inequalities may appear upon 
it, and it is theu consigned to the draughtsman to receive the drawing. lie covers 
the surface with a light coat of flake white mixed with weak gum- water, and the 
thinner this coat the better for the engraver. The French draughtsmen use au 
abundance of flake white, but this is liable to make the drawing rub out under the 
engraver's hands, or deceive him as to the depth of the line he is cutting in the wood. 
The old drawings of the era of Durer seem to have been carefully drawn with pen 
and ink on the wood j but the modem drawing being very finely drawn with the 
pencil or silver point is obliterated easily, and there is no mode of “ setting ” or 
securing it To obviate this danger the wood-engraver covers the block with paper, 
and tears out a small piece the size of a shilling to work through, occasionally re- 
moving the paper to study the general effect, in damp and wintry weather he some- 
times wears a shade over the mouth to hinder the breath from settling on the block. 
It is now his business to produce in relief the whole of the drawing ; with a great 
variety of tools he cuts away the spaces, however minute, between each of the pencil 
lines ; and should there be tints washed on the drawing to represent sky and water, 
he cuts such parts of the block into a series of close lines, which will, as near at> he 
can judge, print the same gradation of tint. Should he find he has not done so com- 
pletely, he can re-enter each line with a broader tool, cutting away a small shaving, 
thus reducing their width and consequently their colour. Should he moke some fatal 
error that cannot be otherwise rectified, he con cut out the part in the wood, and 
wedge a plug of fresh wood in tlic place, when that part of the block can be re- 
engraved. An error of this sort in a wood-cut is a very troublesome thing ; in copper 
engraving it is scarcely any trouble T a blow with a hammer on the back will obliterate 
the error on the face, and produce a new surface ; but in wood, the surface is cut 
entirely away except where the lines occur, and it is necessary to cut it deep enough 
not to touch the paper as it is squeezed through the press upon the lines in printing. 
To aid the general effect of a cut, it is sometimes usual to lower the surface of the 
block before the engraving is exccnted in snch parts as should apjtear light rnd delicate ; 
they thus receive a mere touch of the paper in th£ press, the darker parts receiving 
the whole pressure and coming out with double brilliancy. When careful printing 
is bestowed on cuts, it is sometimes usual to ensure this good effect, by laying thin 
pieces of card or paper upon the tympan, of the shape needed to securq pressure on 
dark parts only. 

Wood engraving, as a most useful adjunct to the author, mast a’ways command a 
certain 1 amount of patronage. In works like the present, the author is greatly aided 
by a diagram, which can more clearly explain his meaning than a page of letter- 
press ; and it can be set up and printed with the type, a mode which no other style 
of art can rival in simplicity and cheapness. The taste for elaborately executed 
wood engraviqgs may again decrease, as we find it did for nearly two centuries ; but 
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it was never a loiOart, and never will be, owing to the practical advantages we speak 
of, unless it be supersedea by some simpler mode of doing the same thing hitherto 
undiscovered. The number of persons who practise wood engraving in Loudon 
alone, at present is more than 200, and when we consider the quantity done in the 
great cities of the Continent, and the large amount of book illustration in constant 
demand, the creative power of one single genius— Thomas Bewick— shines forth in 
greater vigour thun ever. — F. W. F. . 

ENGRAVING ON STONE. SEAL OR GEM ENGRAVING. Some very 
delicate and beautiful results are obtained by engraving upon lithographic stones. 
The art is not, however, of sufficient importance to occupy our already crowded 
space. Seal or gem engraving is an art of great antiquity. We may here simply 
allude to the apparatus in general use by the workman, and* which consists of a lathe 
turned by a treddle, and moving a small horizontal steel cylinder, into which the 
tools ure inserted, allowing them to revolve against the gem, which is held by the 
hand of the workman close to each point, cutting the surface by the aid of diau.oudi 
powder made into a paste with olive oil. The tools are very simple, dnd adapted to 
produce the kind of abrasion wished for by the artist. When thus engraved, the Bunace 
is polished with box-wood tools and rotten-stone. The ancient gems are rcmarkuble 
for a higher and finer polish thun is possessed by the generality of modern works, 
as well as for a more vigorous and sculpturesque effect 

The arts of incising a design upon a precious stone, and of BCulping it in relief, 
originated with the nations of antiquity, and were practised by them with great 
success. Cornelian was their favourite stone for general use, but they also worked on 
onyx, calcedony, jasper, and blood-stone. They frequently used the various tints of 
the stone to heighten the effect of their work, and produce relief. The ancients 
have preserved the names of mauy of the early Greek gem-engravers who have 
never been surpassed for ability. One of their most eelebtated works is the sardouyx 
of three Btrata, which formed part of the cubinet of gems of the Empress Josephine, 
and which represents the busts of Ptolemy Philadelphus (n.c. 285 to 258) and iiis 
queen Arsimc. Its shape is an obtuse oval, measuring tij- inches by 5. Another, 
with the same heads, is preserved in the Imperiul Cabinet at Vienna, measuring 4£ 
inches each way. But the largest and most important of these antique works is the 
apotheosis of Augustus, preserved in the Royal Cabinet of France, which measures 8 
inches by 9, and represents more than twenty figures of men and deitieB, & wonderful 
monument of patient labour and artistic power. So fond were the ancients of these 
costly and beautiful works, that the Emperor Heliogabalus is recorded to have 
covered his shoes with engruved gems. They were also used to adorn coffer* and 
other luxurious articles of furniture, as well as drinking vessels, patera, &c. — 
Fairholl. 

ENTRESOL. A floor between other floors ; a low set of apartments placed above 
the first floor. The Quadrant, Regent Street, has a good example of the entresol. 
In Italy the term Mezzanine, or little middle floor, is used to indicate the same 
arrangement. 

ENVELOPES. The manufacture of envelopes has so largely increased, that the 
old method of folding them by means of a “ bone folding stick*' although a good 
workman could thus produce 3000 a day, was not capable of meeting the demand ; 
hence the attention of several was turned to the construction of machines for folding 
them. Amongst the most successful are the following. 

Envelope folding In the envelope folding machine of Messrs. Be la Rue & Co., each 

piece of paper, previously cut by a fly-press into the proper form for making an envelope 
(and having the emblematical stamp or wafer upon it$, is laid by the attendant on a square 
or rectangular metal frame or box, foitaed with a short projecting piece at each corner, 
to serve as guides to the paper, and furnished with a movable bottom which rests on 
helical springs. A presser at the end of a curved compound arm, which moves in a 
vertical plane, then descends, and presses the paper down into the box,— the bottom 
thereof yielding to the pressure ; and thereby the four ends or flaps of the piece of paper 
are caused to ny up ; the presser may be said to consist of a rectangular metal frame, the 
ends of which are attached to the outer part of the curved arm, and the sides thereof to 
the inner portion of the arm ; so that the ends and sides of the presser can move inde- 
pendently of each other. The ends of the presser then rise, leaving the two sides of it still 
holding dowif the paper ; two little lappet pieces next fold over the two side flajH of the 
envelope ; and immediately a horizontal arm advances, carrying a Y-shaped piece 
charged with a dh esive matter or cement (from a saturated endless band), and applies 
the lame to the two flaps. A third lappet presses down the third flap of the envelope 
upon the two cemented flaps, and thereby causes it to adhere thereto ; and then a 
pressing piece, of the game size as the finished envelope, folds over the last flepund 
presses the whole flat The final operation is to remove the envelope, and this is 
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effected by a pair of metal fingers, with india-rubber ends, which descend npon the 
envelope, and, moving sideways, draw the envelope off the bottom of the box (the 
pressing piece having moved away and the bottom of the box risen to the level of the 
platform of the machine) on to a slowly moving endless band, which gradually carries 
t the finished envelopes away. A fresh piece of paper is laid upon the box or frame, 
And the abovo operations are repeated. This machine makes at the rate of 2700 
envelopes per hour. 

Another machine for the same object was invented by Mr. A. Remond, of Birming- 
ham. and is that employed by Messrs. Dickinson and Co. The distinguishing feature 
of this arrangemeut is the employment of atmospheric pressure to feed in the paper 
which is to form the envelope, and to deflect the flaps of the envelope into inclined 
positions, to facilitate the action of a plunger, which descends to complete the folding. 
The pieces of paper, cut to the proper form, are laid on a platform which is furnished 
with a pin at each corner, to enter the notches in the pieces of paper, and retain them 
J.n their proper position, and such platform is cuused alternately to rise and bring the 
upper piece o\ paper in contact with the instrument that feeds the folding part of the 
machine, and then to descend until a fresh piece is to be removed. . The feeding in- 
strument consists of a horizontal hollow arm, with two holes in the under side, and 
having a reciprocating nfovement. When it moves over the upper piece of paper 
on the platform, a partial vacuum is produced within it, by a suitable exhausting ap- 
paratus, and the paper is thereby caused to adhere to it at the holes in its under sur- 
face by the pressure of the atmosphere. The instrument carries the paper over a 
rectangular recess or box ; and then, the vacuum within it being destroyed, it deposits 
the paper between four pins, fixed at the angles of the box, and returns for another piece 
of paper. As the paper lies on the top of the box, the flap which will be undermost 
in the finished envelope, is pressed by a small bar or presser on to the upper edge of 
two angular feeders, communicating with a reservoir of cement or adhesive matter, and 
thereby becomes coated with cement *, and at the same time, the outermost or seal flap 
may be stomped with any required device, by dies, on the other side of the machine. 
A rectangular frame or plunger now descends and carries the paper down into the box ; 
the plunger rises, leaving the flaps of the envelope upright ; streams of air, issuing 
from a slot in each side of the box, then cause the flaps to incline inwards : and the 
folding is completed by the plunger again descending; the interior and under surface 
of such plunger being formed with projecting parts, suitable for causing the 
several flaps to hold in proper superposition. The bottom of the box (which is 
hinged) opens and discharges the envelope down a shoot to a table below ; the feed- 
ing instrument then brings forward another piece of paper ; and a repetition of the 
above movements takes place. 

EPIDOTE. A silicate of alumina and lime. There are several varieties, as Lime 
and Iron Epidote , Lime Epidote, Afanqanexian Epidote , Cerium Epidote , and some 
others. Epidote oecurs in granite and other igneous rocks, and in various crystalline 
aiates. 

EPSOM S A LTS. A sulphate of magnesia, consisting of magnesia 1 6*26, sulphuric 
acid 32*52, water 51*22. It derives its name from a mineral spring containing the 
salt at Epsom. It is largely manufactured. See Dolomitk. 

EQUISETACEA EQUISETUM ( equus a horse, seta a hair), commonly horse- 
tails. The species of equisetum grow very abundantly in ditches, lakes, and rivers, 
in this and other parts of the world. The stems are striated, hollow, articulated, 
usually branched, having no true leaves, but in their place green-jointed branches 
arranged in whirls at the articulations of the stem. Tn South America they grow to 
a large size. The stems usually ebutain a grert deal of silica in their composition, 
and the Equisetum hyemale , or Dutch rust, finds its use in the arts on this account. 
See Ddtch Rush. 

EQUIVALENTS, CHEMICAL. Ry this term is understood the proportions in 
which substances combine with each other to form definite compounds. These pro- 
portions are referred to the common standard, hydrogen, which is taken as unity. 
The limits of this work preclude the possibility of entering into the history of 
the steps by which the doctrine of equivalents was gradually developed ; but it is 
proper that we should indicate some of the methods by which the equivalents of ele- 
ments and compounds are ascertained and demonstrated to be correct., But before 
proceeding, it is necessary to define the term equivalent. This is not easy to do, 
because the theoretical ideas of all chemists are not the samei' Suppose, for ex- 
am pie, ‘the constitution of water were to be token as the starting point On submitting 
it to the action of the pile, it is immediately observed that the ratio of the two 
gases evolved is as 1 to 2. One chemist will at once assume that water is a simple 
binary compound of one equivalent of each of its constituents. But this involves the 
assumption thgt the gaseous volume of the equivalent of hydrogen is twice that of 
« 
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oxygen. The ntlfer chemist assuming that one volume of a gas represents on equiva- 
lent, considers water to be a ternary compound having the formula H’O. It is plain 
that the atom of hydrogen will have only half the value on the second hypothesis that 
it will on the first, or, what comes to the same thing, the atom of oxygen will bo 
twice as great I£ with some chemists, we consider the volumes of the gases torepre- • 
sent atoms or equivalents, then, water consisting of two volumes of hydrogen and one 
volume of oxygen, and as by weight water contains 8 parts of oxyg«n to 1 part of 
hydrogen, it is plain that 8 parts of oxygen by weight will represent one equivalent, 
and 1 part by weight of hydrogen will represent 2 equivalents. Consequently 1 
equivalent of hydrogen will weigh *5. But to avoid fractional numbers it will (on these 
assumptions) be more convenient to write the equivalent of hydrogen — 1, and oxygen 
16. In this country it is usnal to consider the atom of hydrogen as occupying twice the 
space in the gaseous state of that of oxygen. The atomic weights being, therefore, 
oxygen 8 and hydrogen 1. 

We have said that it is by no means easy to define an equivalent. The difficulty 
arises not merely from the different aspects under which theoretical chemists regard 
the elements and their compounds, hut also from the practical difficulties attending 
the determination of the true constitution of some substances. Thus the equivalent 
of bismuth is assumed by some to be 71 and by others 213 ; the oxide in the one 
case becomes BiO, in the other RiO 2 *. The first equivalent being only one-third as 
great as the second. But, it is to he observed, the variations in the theoretical views 
of chemists arc of no consequence, so long as wc clearly comprehend the nature r.f 
those variations. The relative values or proportions are the same in all cases. It is, 
in fact, somewhat the same as if one class regarded the avoirdupois pound as made up 
of sixteen ounces, cuch ounce weighing 437 ’5 grains, and the other considered it as 
consisting of eight ounces, each ounce containing 875-0 grains. 

In order to clearly understand the nature of the equivalents as received in this 
country, it is necessary to remember that there are three relations of volume umongst 
gases, namely, one, two, and four volumes. The first relation applies solely to ele- 
mentary gases. The two others apply to elements and compounds. [It is true that 
the vapour densities of pentacliloride of phosphorus, chloride of ammonium, and, 
perhaps, one or two other sulistanccs, appear to differ from this rule, but it is probable 
that, like sulphur, the vapour densities reqnire to be determined under special conditions 
of temperature or pressure.] In the table of equivalents the density of the vapours 
of those substances which are capable of assuming the gaseous states are so placed 
that the number obtained by experiment may be compared with that deduced from 
theoretical considerations. In the following table the vapour volumes or combining 
measures of some of the more important elements are given. We shall Bee presently 
the practical value of the information contained in it 

Combining Combining 

Element. Measure. Element Mea»nre. 

Hydrogen - two volumes. Oxygen - one volume. 

Chlorine - do. Sulphur - da 

Bromine - - do. Selenium • da 

Iodine - do. Phosphorus - - - da 

Fluorine ( hypothetical) - do. Arsenic - da 

Nitrogen - do. Carbon - do. 

It must be remembered that all volatile compounds possess four volume formula, 
except a few, which in this country are always written as if possessing a condensation 
to two volumes ; such arc carlxmic arid, carbonic'bxide, sulphurous acid, ftc. With 
the above information it will be easy for any person to calculate the density of any 
vapour or gas by the aid of the following directions. 

To obtain tite density of any vapour or gas having a condensation to four volumes , 
such as most organic or inorganic compounds . — Multiply half the density of hydrogen 
by the atomic weight of the vapour or gas. Example : — Find, the density of the 
vapour of hydrobromic acid. The atomic weight of hydrobromic acid is 81* The 
density of hydrogen is 0 0692, half of which is 0 0346. Then 0*0346 x 81 = 2*8026. 
Experiment gave 2*73. . 

To obtain the density of any vapour or gas having a condensation to tiro musses, 
—Multiply tfie density of hydrogen by the atomic weight of the gas or vapour. 
Example : *— Find/hc density of chlorine gas. The atomic weight of chlorine being 

85-5, and the density of hydrogen 01)692, we have by the rule, 0*0692 x36*5-ff4566. 
The density by experiment is 2'44. , 

To obtain the density of any rapour , or gas , having a condensation to one volume. 
Multiply twice the density of hydrogen by the atomic weight of the gas or vapour: 
Example : — Find the density of the vapour of oxygen. The atoQiic weight m 
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oxygen being 8, and twice the density of hydrogen being 'u'1384, we have 
0*1384 x 8 = 1*1072. Experiment has yielded l w i056. 

The above methods of calculating the densities of vapours and gases are those always 
employed by the writer of this article, and will be found incomparably shorter and 
« more convenient than any other. 

It is perfectly plain that, by a simple inversion of the above roles, it is equally easy 
from the known density of a gas or vapour to calculate its atomic weight. Never- 
a theless, for the sake of those who are unaccustomed to calculations of this kind, we 
' append the following rules. 

To calculate the atomic weight of any gas or vapour having a condensation to four 
volumes. — Divide the density of the gus by half the density of hydrogen. Example : 
— Find the atomic weight of hydrobromic acid gas, the density of which is 2*8026 ; 
2*8026 

0-d346~ 81 000 * 

To calculate, the atomic weight of any gas or vapour having a condensation to two vo- 
lumes . — Divide the density of the gas by the density of hydrogen. 

To calculate the atomic weight of any gas or vapour having a condensation to one vo- 
lume .. — Divide the density, of the gas by twice the density of hydrogen. 

It is plain then that if we are in possession of the atomic weight and vapour volume of 
any substance, it is easy to determine the density of its vapour or gas. Also, that 
having the densit}' of the vai>our and the vapour volume, it is easy to calculate the 
atomic weight If we consider for an instant what is meant by the term density of a 
vapour or gas, it will appear equally easy to find, from the density of the gas, the 
weight of 100 cubic inches at the standard temperature and pressure. By the density 
of a gas is meant the number expressing how much it is heavier or lighter, hulk for 
bulk, than air. Jf, therefore, we multiply the density of a gas by the weight of 100 
cubic inches of air, at the standard temperature and pressure ( = 30*00 grains), we 
immediately find the number required. Example : — The density of hydrogen is 
0*0692 and 0*0692 x 30 = 2*0760, or the weight of 100 cubic inches of hydrogen, at a 
temperature of 60° Fuhr., and 30 inches of the barometer. 

From what has been said, it is evident that no difficulty exists in determining the 
equivalents of bodies which can be obtained in a gaseous state. Where the equi- 
valent of a fixed body is to be ascertained, or where it is desired to proceed in a 
different manner, the method employed must depend upon the nature of the substance. 
We shall consider three of the most simple and general cases, namely, an acid, an 
alkali, and a neutral body. 

1. Mtule of determining the equivalent of an acid. — For this purpose it is neces- 
sary to analyse u salt, the coustitution of which is known. If the base or metallic 
oxide in the stilt is one of w hich the atomic weight is well established, it is very easy 
to determine the combining proportion of the acid. We say, as the percentage of 
oxide is to the percentage of acid, so is the atomic weight of the oxide to the atomic 
weight of the acid. Example : — Duty rate of silver has the following composition 
Oxide of silver ------- 59*487 

Butyric acid - - - - 40*513 


100*000 

We therefore say : — 

69*487 : 40*513 :: 116 : 79*000 

' v— — » i. . y 1 y y~ —t » i 

Percontiijirt of oxltlo l'urccutugofif acid. Equivalent of oxide Equivalent of the 
of bilver. bilver. acid. 

It must be remembered that the atomic weight so obtained is that of the anhydrous 
acid, so that one equivalent of water must be added to find the atomic weight of the 
acid in its ordinary condition. If the equivalent desired be that of a hydrogen acid, 
the method of proceeding must be slightly modified, but the details need not be given 
as they are self-evident u 

2. Mode of determining the equivalent of an alkali .' — Several methods present them- 
selves, each possessiug certain advantages. Most alkalies, organic and inorganic, 
form salts well adapted for enabling their atomic weight to be ascertained by analysis. 
We shall select os an example ammonia, and the salt employed to settle the atomic 
weight will be the sulphate, which contains : — 

4 Oxide of ammonium 39 - 40 * 

Sulphuric acid .... - 60*60 

100*00 

In the samg way that an oxide of known composition is the datum employed to 
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determine the equivalent uf an acid, so. on the other hand, an acid, the formula of 
which is well established, serves to enaole the formula of an alkali to be deduced. We 
therefore say : — 

60*go : 39*40 :: 4000 : 20*00 

I , — > *-■ V -■■■ .J v —I I ■ 

Percentage of add. FcrceuUgc of alkali. Equivalent of the Equivalent oi the 

add. alkali. 

Most alkalies, especially those derived from the organic kingdom, form well defined 
and easily crystallisable compounds with some of the metallic chlorides, especially 
those of gold, platinum, and palladium. These salts are well adupted for enabling 
atomic weights to be fixed. 

3. Mode of determining the equivalent of a neutral substance. — Neutral bodies are 
formed upon so many models or types that no general method can he given for the 
required purpose. If volatile at moderate temperatures, the density of the vapour can 
he ascertained, and this is generally sufficient. Salts have their equivalents found k 
by determining the percentage composition, and proceeding as in examples 1 and 2. 
The equivalent of a metal is found by forming a compound with some substance, tnc 
atomic weight of which is well known, such us oxygen or sulphur. The compound is 
then carefully analysed. Example : — It lias been found tlftit 100 parts of oxide of 
copper contain 


‘Copper - 
Oxygen - 

- 

“ - - 

- 80-00 
- 20*00 

We therefore say:— 



100*00 

20*00 : 

8000 :: 

8*00 

32*00 

IV’rreutii.'cc of 
oxygon. 

lVrmit.'igi! of 
copper. 

V 

Equivalent of 
oxygon. 

Equivalent of 
copper. 


A precisely analogous mode of proceeding may be adopted with chlorides, iodides, ^c. 

A careful study of the numbers in the following tables will enable us to observe 
numerous and highly interesting relations subsisting between them. It has been 
shown by M. Dumas that certain families or groups of elements fall into natural triads, 
owing to the relations between their atomic weights. With bodies of this kind, it is 
found that, if the sums of the atomic weights of the extremes of the series be divided 
by two, we obtain the atomic weight of the middle body ; thus : — 

1. n. in. 

Chlorine 35*5 Sulphur IG'OO Lithium 7*00 

Iodine 127*0 Tellurium G4*00 Potassium 39*00 

= 81*23 =40*00 = 23*00 

162*5 80*00 4G*00 


2 2 2 
The tfiads here are x. chlorine, bromine, and iodine; it. sulphur, selenium, and 
tellurium ; in. lithium, sodium, and potassium. Space will not allow of the subject 
being developed at greater length in this work. The student, interested in this branch 
of chemistry, will fiud much information in the papers of l)r. Odling, recently pub- 
lished in the Journal of the Chemical Society. 


Table of the Equivalents , §*c., of the Non-mctallic Elements. 


Name. s 


Bromine - 
Carbon - 
Chlorine - k 

Fluorine - - - - a 

Hydrogen - 

Iodine - 

Nitrogen - 

Oxygen - * - 

Phosphorus - 4 

Selenium - 

Sulphur - 


Symbol, j 

Equivalent 
11= 1. 

Di’V"nty a* Va- 
pour or Go*. 

Br 

80*00 

5*4110 

O 

0*00 

0*8290 

Cl 

35*50 

2*4530 

FL 

19*00 

1*3270 

H 

1*00 

0*00112 

I 

127 00 

8*7827 

N 

14*00 

0 9713 

O 

8*00 

1-1 05G 

P 

32MU. 

4*2840 

Sc 

40*00 

7*GW0 

S 

1600 

2*2140 


r N oth.— The densities of the vapour* of carbon, selenium, and fluorine are 
hypothetical That of sulphur is usually represented by a number three tones as 
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great as the above, but ibis is owing to the experiment noC having been performed at 
a sufficiently high temperature.] 1 


Table of the Equivalents of the Metallic Element !#. 


Name. 

Symbol. 

Equivalent Specific 
11 =1 | Gravity 

Name. 

Symbol. 

Equivalent 

Tl~l 

Specific 

Gravity. 

Aluminium 



13*67 

2*56 

Molybdenum - 

M 

48*00 


Antimony 



12900 

6*70 

Nickel- - 

- 

Ni 

29*50 

8*63 

Arsenic - 



7500 

5*67 

Osmium - 


Os 

99*41 

rnTT'Psi 1 

Barium - 



68‘50 

TEEM 

Palladium 


Pd 

53*24 


Bismuth - 



213*00 

9*80 

Platinum - 


Pt 

99*00 


Boron - - 


B 

11*00 

2*68 

Potassium 


K 

89*00 

0*865 

Cadmium - 


Cd 

56*00 


Rhodium - 


Ro 

52*16 

11*20 

Calcium - 


Ca 

20*00 

1*58 

♦Rubidium - 


Rb 

85* 


Cerium - 


Ce 

46*00 


Ruthenium 


Ru 

52*11 

8*60 

Chromium 


Cr 

26*27 

5*90 

Silicon- - 


Si 

21*00 


Cobalt- - 


Co 

29*50 

8*53 

Silver - - 


Ag 

108*00 

10*43 

♦Cesium - 


CcB 

123*00 


Sodium - 


Na 

23*00 

0*97 

Copper - 


Cu 

3200 

8*72 

Strontium - 


Sr 

44*00 

2*54 

Didymium 


D 

48*00 


Tuutalum - 


Ta 



Erbium - 

_ 

E 



Tellurium 


Te 

64 08 

6*30 

Glucinum - 


G 

697 


Terbium - 


Tb 



Gold - - 


Au 

98'33 { 

19*4 to 
19*6 

♦Thalium - 
Thorium - 


T1 

Th 

59*50 


Jlmenium - 


11 



Tin- - - 


Sn 

59*00 

7*29 

♦Indium 


In 



Titanium - 


Ti 

24*12 

5-28 

Iridium - 
Iron - - 


Jr 

Fe 


18*63 
7*84 j 

Tungsten - 


W 

92*00 { 

17*2 to 
17*6 

Lanthanium 


La 



Uranium - 


U 

60*00 

10*15 

Lead - - 


Pb 

104*00 

LifcllMl 

Vanadium 


V 

68*46 


Lithium - 


L 

7*00 

0*5936 

Yttrium - 


Y 



Magnesium 


Mg 

12*00 

1*75 1 

Zinc - - 


Zn 

32*52 

6*91 

Manganese 


E21 


8*00 

Zirconium 


Zr 

33*58 


Mercury - 


ll S 

100*00 








It will be seen, from the above table, that a very considerable number of the equi- 
valents are entire multiples of that of hydrogen. M. Dumas and others have, however, 
shown by elaborate and conclusive experiments, that the doctrine of the equivalents 
of all elements being multiples of that of hydrogen is not a law of nature, as in 
addition to chlorine, there are several undoubted exceptions. — C. G. W. 

ERBIUM. A metallic radicle of Erhia, one of the earths associated with Tttria. 
It was discovered by Mossander in 1842. See Watts' “ Dictionary of Chemistry." 

KUEMACAUS1S,— slow combustion. This term has been applied to that constant 
combination of oxygen with carbon and hydrogen, to form carbonic acid and water, 
which is unceasingly going on in nature, as in the decay of timber or the “ heating ’’ 
of hay or grain put together in a moist state. Perfect dryness, and a temperature 
below freesing, stops this eremacausis, or slow combustion. 

ERYTHR1C ACID. Colorihc principle of Angola and Madagascar Orcliilla 
weeds (See OacniLLs). By macerating the lichen in milk of lime, Stenhouse ob- 
tained 12 per cent, of crude erythric acid. It yields red coloured compounds with 
ammonia, and alBo in its reaction with hypochlorite of lime. See Lichen. 

ERMINE. See Fur. 

ERRATIC BLOCKS. Rounded and weather-worn fragments of the harder 
rocks, which are found very widely scattered, at gtest distances from the places from 
which they are supposed to have been derived. They are generally supposed to 
have been removed by the transporting power of icebergs and fields of ice. 

ERYTHROXYLON COCA. The coca. This shrub is a native of Peru, and is 
cultivated extensively in the Andes. The dried leaves are chewed* by the Peru- 
vians mixed with finely-powdered chalk. This peculiar stirpulant brings on a 
condition of apathy. It prevents hunger and retards Bleep, so that the natives who 
work in the mines will sometimes under its influence labour from twenty to thirty 
hours at a stretch. The continued use of coca is more injurious than that of 
opium or tobacco. 

* Those ore Aie new metals which have been recently discovered by meant of spectrum analyali. 
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ESCHALOT (£cha!ote, Fr.), commonly Shallot. A small kind of onion. 
Allium ascatonicum. y + 

ESCULIN. A substance found in the inner white bark of the horse-chestnut tree, 
remarkable for its fluorescent power. See Fluorescence. 

ESP A RTO or SPANISH GRASS, as its name denotes, is imported from Spain, 
where it is indigenous in certain mountainous and uncultivated districts on the 
Mediterranean coast It is also produced on the north coast of Africa, where it is 
called Arabs alfe or alfo. It appears to have been used by the Romans^for cordage, 
and called by them Sparlium. 

This plant, classed as a sedge by botanists (and by them denominated Spartium 
scfjgarem and Stapa truncMma\ grows in tufts and bunches similar to the rushes 
in this country; it varies from 2 to 4 feet in height, and consists of a long flat 
lanceolated leaf or blade, which, as the sap descends and the plant ripens, takes a 
cylindrical form. It is pulled up from the roots, exposed to the sun, and, when dry, 
laid in small bundles, and these again, for facility of carriage, into larger ones, which 
are transported in carts, or more generally on donkeys* backs (both Spain and Africa/ 
in the uncultivated and wild districts of the country where the plant exists, beiug, 
com] aratively speaking, without roads) to the port of shipment. 

The plant being now imported to the extent of 30,000 to 40,000 tons yearly, was 
selling at the commencement of the year 1862 at 5 1 per ton ; hut owing to the 
reduction in the price of rags, and to the general stagnation of trade caused by the 
American war, this price has been latterly reduced. 

Numerous patents have (as might naturally be expected) been taken out for the 
treatment of this plant ; those by Mr. Routledge would appear, from the increasing 
employment of this material, to be the most useful, effectual, and economical. Mr. 
Routledge represents, indeed, that the cost of production either in the condition of 
half stuff or paper, is below that of rags to produce a similar quality of paper, and the 
power required for reducing much less. Judging from the specimens of paper ex- 
hibited by Mr. Routledge in 1802, manufactured by him at his mills at Eynsham, in 
Oxfordshire, exclusively from esparto, as well as from the other specimens of paper 
manufactured at various other mills employing his process, in which esparto is used as 
a blend with the ordinary rag material, the results arc very satisfactory, demonstrating 
that a new material has at length been hrought into use meeting thiB long-desired 
requirement, both as regards quality and economy. 

One satisfactory feature in Mr. Routledgc's process is the fact that no material 
alteration in existing machinery or appliances is required ; no higher pressure boiling 
in expensive vessels is necessitated ; the silica, always more or less combined w*-h a 
coating of raw fibres, is got rid of, and the gummo- resinous matter neutralised, per- 
mitting the fibres to be eliminated and drawn out by the ordinary pulping engine, as 
now practised with rags. The assurance of a successful result appears to be de- 
pendent on the proper adjustments of the proportions of the chemicals employed ; 
this secured, and the process is extremely simple, the issue appears to he reliable^ 
and. what is of no little importance, invariable and constant. 

The fibres produced from esparto arc specifically lighter than those from any other 
paper-making material in nse; their mechanical structure, moreover, admits of minute 
subdivision without destroying the feathery or mossy arrangement which facilitates 
the intimate felting or blending of the ultimate fibres on the endless wire of the 
Fourdrinier machine ; then, esparto paper, in consequence of this peculiarity, feels 
thicker in the hand, and takes a finer surface than that made from cotton rags, and, 
in proportion to the blend or admixture with other rag or paper-making material, 
imparts these advantageous characteristics. It is *> be remarked, however, that its 
introduction generally into the trade fceing only, comparatively speaking, of recent 
elute, it has not yet arrived at full development, its employment being hitherto 
limited to common and ordinary printing papers and cartridges, and in the unbleached 
state to brown and cap papers. 

Although it is foreign to the purposes of this notice to advert to a fiscal question, 
which fur sonfh time lias excited sj much attention as the recent abolition of the 
duty on paper, it appears to us that the vast changes which have occurred in the 
manufacture, since the introduction of the paper machine, must have compelled, if 
not the abolition, at least the reconstruction of the law at an early period. 

Our importation of esparto has been of late years as follows ; — 


* • 

From Spain - 
„ Algeria 
„ Other parts - 


Toni. 

18G4. 

Value. 

Ton. 

J6H3. 

Value, a 

- 41,339 

£202,659 

17,789 

£71,155 

- 1,500 

564 

7,135 

2,700 

1.537 

6,151 

43,403 

£212,494 

19,326 

£77,306 
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ESSENCE OF SPRUCE is prepared by boiling the young topspf the Abies nigra, or 
black spruce, in water, and concentrating the decoction by evaporation in a water bath. 

ESSENCES. See Perfumery. * 

ESSENTIAL OILS. See Oils, fixed and essential, and Otto. 

ESSENCE D’ORIENT, the name of a pearly looking matter procured from the 
blay or bleak, a fish of the genus n/prinus. This substance, which is found princi- 
pally at the base of the scales, is used in the manufacture of artificial pearls. A large 
quantity of Che scales being scraped into water in a tub, are there rubbed between the 
hands to separate the shining stuff, which subsides on repose. The first water being 
decanted, more is added with agitation till the essence is thoroughly washed from all 
impurities, when the whole is thrown upon a sieve ; the substance passes through, but 
the scales are retained. The water being decanted off, the essence is procured in a 
viscid state, of a bluish- white colour, and a pearly aspect. The intestines of the 
same fish are also covered with this beautiful glistening matter. Several other fish 
yield it, but in smaller proportion. "When well prepared, it presents exactly the ap- 
1 penrauce and reflections of the real pearl, or the finest mother of pearl ; properties 
which arc probably owing to the interposition of some portions of this same substance 
between the laminin of these shelly concretions. Its chemical nature has not been 
investigated ; it putrefies readily when kept moist, an accident which may however 
be counteracted by water of ammonia. See Pearls. 

ETCHING VARNISH. (Aetsgrund-Dcckfinuss, Germ.) Thongh the practice 
of this elegant art docs not come within the scope of our Dictionary, the preparation of 
the varnishes, and of the biting menstrua which it employs, legitimately belongs to it. 

The varnisli of Mr. Lawrence, an English artist resident in Paris, is made as 
follows : Take of virgin wax and asphalt mu, each two ounces, of black pitch and 
burgundy- pi tcli, each half an ouucc. Melt the wax and pitch in a new earthenware 
glazed pot* and add to them, by degrees, the usphaltum, finely powdered. Let the 
whole boil till such time as that, taking a drop upon a plate, it will break when it is 
cold, on bending it double two or three limes betwixt the fingers. The varnish, 
being then enough boiled, must be taken off the fire, and after it cools a little, must be 
poured into warm water, that it may work the more easily with the hands, so as to be 
formed into balls, which must be kneaded, and put into a piece of tuffety for use. 

Care must l»e taken, first, that tlic fire be not too violent, for fear of burning the in- 
gredients, a slight simmering being sufficient ; secondly, that whilst the asphaltnm is 
pulling in, and even afier it is mixed wiih the ingredients, they should be stirred con- 
tinually with the spatula; and, thirdly, that the water into which this composition is 
thrown should be nearly of the same degree of warmth with it, in order to prevent a 
kind of cracking that happens when the water is too cold. 

1 'reparation of the hard varnish used by Cul/ot , commonly called the Florence Var- 
nish. — Take four ounces of fat oil very clear, and made of good linseed oil, like that 
used by painters; heat it in a clcau pot of glazed earthenware, and afterwurds put to it 
four ounces of inastiek well powdered, and stir the mixture briskly till the whole he well 
melted, then pass the mass through a piece of fine linen into a glass bottle with a long neck, 
that can be stopped verv securely; and keep it for the use that will be explained, below. 

Method of applying the soft varnish to the plate , and of blackening iL — The plate 
being well polished and burnished, as also cleansed from all greasiness by chalk or 
Spauish white, fix a band- vice on the edge of the plate where no work is intended to 
be, to serve as a handle for managing it when warm ; then put it upon a chafing-dish, 
in which there is u moderate fire, and cover the whole Tdatc equally with a thin coat 
of the varnish ; and whilst the plate is warm, and the varnish upon it in a fluid state, 
boat every part of the varnish gently with a small ball or dauber made of cotton 
tied np in taffety, which operation smooths and distributes the varnish eq ual 1 over 
the plate. 

When the plate is thus uniformly and thinly covered with the varnish, it must be 
blackened by apiece rf flambeau, or of a large candle which affords a copious smoke; 
sometimes two or even four such candles are used together for the sake of despatch, 
that the varnish may not grow cold, which if it does during the operation, the plate 
most be heated again, that it may be in a melted s&te when that operation is performed; 
bat great care must be obtained not to bum it, which when it happens may be easily 
perceived by the varnish appearing burnt and losing its gloss. 

•The menstruum used and recommended by Tarrcll, an eminent Ltndon artist, for 
etching upon steel, was prepared as follows : — 

Take Pyroligneous acid 4 parts by measure, 

Alcohol 1 part, mix, and odd 

Nitric acid 1 part. 
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This mixed liquor is to be applied from 1 to 15 minntes, according to the depth 
desired. The nitno acidswas emploved of the strength of 1*28— the double aquafortis 
of the shops. 

The eau forte or menstruum for copper, used by Callot, as also by Piranesi, with a 
slight modification, is prepared, with 8 parts of strong French vinegar, 

4 parts of verdigris, 

4 ditto sea salt, 

4 ditto sal ammoniac, 

1 ditto alum, 

1G ditto water. 

The solid substances are to he well ground, dissolved in the vinegar, and diluted 
with the water ; the mixture is now to be boiled for a moment, and then set aside to 
cool. This method is applied to the washed, dried, and varnished plate, after it has 
suffered the ordinary action of aquafortis, in order to deepen and finish the delicato 
touches. It is at present called the eau forte a painter . * 

ETHER, C*ll a O. (Or, for four volumes of vapour, C B H ,ft O ? . Pot* the nature of 
four-volume formuhe, see Equivalents, Ciikmical.) Si/ru Sulphuric ether. Oxide of 
ethyl*, Ethylic orVtnic ether , &c. &c. By this term is known tlic very volatile fluid 
produced hy the action on alcohol of substances having a jlbwerful affinity for water, 
such as sulphuric acid. 

Preparation on small scale . — A capacious retort with a moderate sized tuhulaturc is 
connected with an efficient condensing arrangement. Through the tuhulaturc passes 
a tube connected with a vessel full of spirit, sp. gr. 0-83. The tube must have a stop- 
cock to regulate the flow. A mixture being made of five parts of alcohol of the densiiv 
given above, and nine parts of oil of vitriol, it is to he introduced into the retort, anil 
a lamp flame is to be so adjusted as to keep the whole gently boiling. As soon us the 
ether begins to come over, the stopcock connected with the spirit reservoir is to he 
turned sufficiently to keep the fluid in the retort at its original level. 

Preparation on large scale. — The apparatus is to he arranged on the same principle, 
but, for fear of fracture, may be constructed of cast iron, lined with sheet lead in tlio 
part containing the mixture. The chief disadvantage of this arrangement is its 
opacity, whereby it becomes impossible to sec tlio contents of the retort, and there- 
fore not so easy to keep the liquid at its original level. In this case the quantity dis- 
tilling over must be noted and the flow of spirit into the retort regulated according 1 *-. 
The most convenient mode of proceeding is to have a large stone bottle with a tiihu- 
lature at the side uear the bottom (like a water filter') to hold the spirit. A tube passes 
from the bottle to the retort. It lias at the end, near tlio retort or still, a bend downwards 
leading into the tubulature. If a glass still be used it must for safety be placed in a 
sand hath. The distillate obtained, either on the large or small scale, is never puro 
ether, hut contains sulphurous and acetic acids, besides water and alcohol. To 
remove these, the distillate is introduced, along with a little cream of lime, into a large 
separating globe, such as that mentioned under Biiomine. The whole is to be well 
agitated, and the. lime solution then run off by means of the stopcock. The purified 
ethef still contains alcohol and water, to remove which it should he rectified in a 
water bath. The fluid will then constitute the other of commerce. If the second 
distillation be pushed too far the ether will, if evaporated on the hand, leave an un- 
pleasant after smell, characteristic of impure ether. If wished exceedingly pure, it 
must be shaken up in the separating globe, with pure water. This will dissolve 
the alcohol and leave the ether, contaminated only hy a little water, which may he 
removed hy digestion with quicklime and redistilhition at a very low temperature on 
a hot water bath. m 

Pure ether is a colourless mobile liquid, sp. gr. 0-71. It boils at 95° F. Tlio 
density of its vapour is 2\ p »6 (calculated). Gay-Lussac found it 2*580. 

The word ether, like that of alcohol, aldehyde, &c., is now nsed as a generic term 
to express a body derived from an alcohol by the elimination of water. Many chemists 
write the formula 0*11*0, and call it oxide of ethyl in the same manner as they regard 
alcohol as the hydrated oxide ofwthc same radical. But there is no just reason for 
departing from the law we have laid down with reference to tlic foroiulic of organic, 
compounds. (See Equivalents, Chemical.) We shall therefore write ether C ,H Il ,r t>*. 
This view lias many advantages. We regard, with Gerhardt and "W illiamson, ether 
and alcohol 2 derived from the type water. Alcohol is two atoms of water in which 
one equiva]pnt of hydrogen is replaced bycthyle; ether is two atoms of water hi 
which both atoms of hydrogen are replaced by that radical. But tlicre are a large 
class of compound ethers procurable by a variety of processes. These ethers w<. re 
long regarded as salts in which oxide of ethyle acted the part of a base. Thus, when 
butyrate of soda was distilled with alcohol and sulphuric acid, the resulting product 
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was regarded as butyrate of oxide of ethyle. The compound ethers are regarded os 
two atoms of water in which one equivalent of hydrogen is .replaced by the radical of 
an alcohol, and the other by the radical of an aid. In addition to those there are 
others more closely resembling the simple ethers. They are founded also on the 
water type, both atoms of hydrogen being replaced by alcohol radicals, but by 
different individuals. They are called mixed ethers. The following formula show 
the chemical constitution of ail these varieties placed for comparison in juxtaposition 
with their type : — 


hi™ ot ^ cwr^ ravr 

v ^ i \ ; ^ ' * i 

Wattr(2eqi.) Common ether. Mat hylwt hylic ether. Butyric ether. 


In the above formulae the first represents the type water. The second common ether, 
the two equivalents of ethyle replacing I lie two of hydrogen. In the third, we have a 
mixed ether, one of the equivalents of hydrogen being replaced by ethyle and the other 
by methyle. The fourth illustration is that of a compound ether : one of the hydro- 
gens is there Replaced by ethyle, and the other by the oxidised radical of butyric acid. 

Etlier is largely used in medicine and chemistry. In small doses it acts as a power- 
ful stimulant. Inhaled in quantity it ib an an aesthetic. It is a most invaluable solvent 
in organic cliemistry for fesinous, fatty, and numerous other bodies. — C. G. W. See 
Watts' “ Dictionary of Chemistry.” 

ETHYL. The radicle of ordinary alcohol and ether. See Watts* l( Dictionary of 
Chemistry.*' 

ETHYLENE, C 3 1J*. Olefiant gas; hicarburcttcd hydrogen gas. See Gab ; 
Oi.kfjant Gas. 


ETHER, ACETIC, is used to flavour silent com spirits in making imitation 
brandy, it requires therefore some additional notice beyond the other ethers. It may 
he prepared by mixing SO parts of acetate of lead, 10 parts of alcohol, and 1 lA of 
concentrated sulphuric acid; or 16 of the anhydrous acetate, 5 of the acid, and 4} of 
absolute alcohol ; distilling the mixture in a glass retort into a very cold receiver, 
agitating along with weak potash lye the liquor wliich comes over, decanting the 
supernatant ether, and rectifying it by re-distillation over magnesia and ground 
charcoal . 


Acetic ether is a colourless liquid of a fragrant smell and pungent taste, of spec, 
grav. 0-8C6 at 45° F., boiling at 16C° F., burning with a yellowish flame, and dis- 
engaging fumes of acetic acid. It is soluble in 8 parts of water. 

Acetic ether may be economically made with 3 parts of acetate of potash, 3 of very 
strong alcohol, and 2 of the strongest sulphuric acid, distilled together. The first 
product must be re-distilled along with one-fifth of its weight of sulphuric acid ; as 
much etlier will be obtained as there was alcohol employed. 

ETHIOPS was the name given by the alchemists to certain black metallic pre- 
parations. Martial ethiops was the black oxide of iron ; mineral ethiops, the block 
Bulphurct of mercury ; and ethiops per se, the black oxide of mercury. 

ETJI YL AMINE, C 4 H T N. An exceedingly volatile base, discovered by Wart*. 

It is produced in a great number of reactions. Several alkaloids existing in the 
animal and vegetable kingdoms afford ethylamine on distillation with potash. Its 
density a! 476° is IV964. It bolis at 66° Y* It is regarded, as ammonia in which, 
an e^nwslent cd hydrogen i& r flatted by etievyXe.-— C,. . 

YjTIOIATIOH. Deprived o£ eoionr hy being Vept Yn the dark. Ceiery, sea- 
kale, and some other plants are purposely blanched or etiolated hy excluding the 
light, this exclusion preventing the formation of chlorophyll, the green colouring matter 
of leaves. 4 


EUCALYPTUS. The gam tree of the New Hollanders. Mr. Backhouse (Com- 
panion to the Botanical Magazine ) Bays, “We often find large cavitieB between the 
annual concentric circles of the trunk filled with a most beautiful red or rich ver- 
milion-coloured liquid gum, which flows out as soon as the saw has afforded it an 
opening. Several varieties of the Eucalyptus yield essential oils by distillation, 
which may bo used for scenting Boap, &c. Theresas a large collection shown at 
the Exhibition in 1862 , in the Australian section. The gum yielded by the Euca- 
lyptus resin i/era is considered by druggists as not in the leaBt inferior to the kind 
which the pterocarpus or red saunders wood of India produces. 

EUDIOMETER, is the name of any apparatns subservient to the chemical exami- 
nation of the atmospheric air. It means a measure of purity, but it ;s employed merely 
to determine the proportion of oxygen which it may contain. The explosive eudio- 
meter— in which about two measures of hydrogen are introduced into a graduated glass 
tube containing five measures of atmospheric air, and an electric spark is passed 
across the mixture— is the best of all eudiometers ; and of these, the siphon form 
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proponed by Dr. TTrf , in a paper published by the Royal Society of Edinburgh in 1819, 
is the most convenient » 

EUGENIA. A genus of plants of tne order Myrtacess, called after Prince Eugene 
of Savoy. 

The most remarkable species of this genus is the allspice, or pimento tree. See 
Pimento. 

EUKAIRITE. An ore of silver found in a copper mine in Sweden. According 
to .Berzelius it consists of, * 


Selenium - 26* 

Silver 88*98 

Copper 23i)5 

Earthy matter ------- 8*90 

Carbonic acid, &c. - - - - - - - 3*1*2 


EUPHORlUACEiTE. The Spurge family. Most of the plants of this order 
abound in a milky acrid juice in which the peculiar principle of the ^lant resides. • 
It contains a great number of plants which are either useful or dangerous to man. 
The Jatropha yields the manihot or cassava. The Jlicinwt is the castor-oil tree ; the 
Cretan, Cascariila , and Box, and the caoutchouc varieties, are included in this vast 
family of plants, which are found in all parts of the globe, afid said to number 2800 
species. 

EUPIONE. A fluid first discovered by Reicbcnbnch in wood tar. All the 
propertied of eupionc agree with the indifferent hydrocarbons found in Boghead 
naphtha. (See Navutha, Boghead.) Eupione is so indifferent to the action of 
acids, that it may be repeatedly treated with concentrated oil of vitriol, or fuming 
nitric acid, without any action taking place. Its density varies with the boiling 
]K>int, from 0*633 to 0*740. It is said to be contained among the products of the 
distillation of rape oiL There is no donbt that these hydrocarbons will, eventually , 
be of great value in the arts. — C. G. W. 

EUKITE. A granulous compound of feldspar and quarts, with sometimes garnet 
“It generally occurs as veins, or as local masses in other granites, and rarely. 1 be- 
lieve, as veins traversing other rocks at a distance from granite. These, therefore, 
arc probably veins of segregation, or of injection during consolidation, and not of 
subsequent formation.” — Jukes's Student's Manual of Geology. 

EUXANTHINE. The Purree or Indian *yellow of India. See Indian Yet.txjw. 

EVAPORATION (Eng. and Fr. ; Abdampfen; Altdunsten, Germ.) is the process 
by which any substance is converted into, and carried off, in vapour. Though ice, 
camphor, and many other solids evaporate readily in dry air, we shall consider, ut 
present, merely the vaporisation of water by heat artificially applied. 

The vapour of water is an elastic fluid, whose tension and density depend upon the 
temperature of the water with which it is in contact Thus the vapour rising from 
water heated to 16!i° V. possesses an elastic force capable of supporting a column of 
mercury 10*8 high; and its density is such that 80 cubic feet of such vapour contain 
one pound weight of water ; whereas o2£ cubic feet of steam of the density corre- 
sponding to a temperature of 212° and a pressure of SO inches of mercury, weigh one 
pound. When the temperature of the water is given, the elasticity and specific gravity 
id tW vttpoux emitted \vy Vx, may found. 

Since foe vapour riaca from Xhc water only in virtue of the elasticity due to its gaseous 
nature, it is obvious that no more can he produced, unless what is already incumbent 
upon the liquid have its tension abated, or be withdrawn by some mcanB. Suppose the 
temperature of the water to be midway between freezing and boiling, viz. 122 c Fahr., 
as also that of the air in contact with i^to be the same, but replete with moisture, so 
that its interstitial spaces are filled with vapour of corresponding elasticity and specific 
gravity with that given off by the water, it is certain tluu no fresh formation of vapour 
can take place in these circumstances. But the moment a portion of vapour is allowed 
to escape, or is drawn off by condensation to another vessel, an equivalent portion of 
vapour will bedmmediately exhaled from the water. 

The pressure of the air and of othefvapours upon the surface of water in an open vessel, 
does not prevent evaporation of the liquid ; it merely retards its progress. Experience 
shows that the space filled with an elastic fluid, as air or other gaseous body, is capable 
of receiving as jnuch aqueous vapour as if it were vacuous, only the repletion of that 
space with the vapour proceeds more slowly in the former predicament than in the 
latter, but in "both coses it arrives eventually at the same pitch. Dr. Dalton # very 
ingeniously proved, that the particles of aeriform bodies present ro permanent obstacle 
to the introduction of a gaseous atmosphere of another kind among them, but merely 
obstruct its difiiision momentarily, as if by a species of friction. Hence, exhalation at 
atmospheric temperatures is promoted by the mechanical diffusion of the vapours 

Voi»# it. n 
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through tlie air with ventilating fans or chimney draughts j though under brisk ebul- 
lition, the force of the steam readily overcomcathat inecliaBicai obstruction. 

The quantities of water evaporated under different temperatures in like times, are 
proportional to the elasticities of the steam corresponding to these temperatures. A 
vessel of toiling water existing a square foot of surface to the fire, evaporates about 
725 grains in the minute; the elasticity of the vapour is equivalent to 30 inches of 
mercury. To find the quantity that would he evaporated from the Bame surface per 
minute at a Kent of 88° F. At this temperature the steam incumbent upon water is 
capable of supporting 1*28 inch of mercury ; whence the rule of proportion is 80 : 
1 -jH :: 725 : .10*93 ; showing that about 31 grains of water wonld be evaporated in 
the minute. If the air contains already some aqueous vapour, as it commonly does, 
then the quantify of evaporation will he proportional to tho difference between the 
elastic force of that vapour, and what rises from the water. 

Suppose the air to to in the hygrometric state denoted by 0-38 of an inch of 
.mercury, llien the atovc formula will become 30 : 1*28 — 0*38 :: 725 : 21*41 ; show- 
ing that not more than 21 £ grains would to evaporated per minute under these 
circumstances. 

The elastic tension of tho atmospheric vapour is readily ascertained by the old ex- 
periment of l<c Hoi, whW-h consists in filling a glass cylinder (a narrow tumbler for 
example) with cold spring water, and noting its temperature at the instant it be- 
comes so warm that dew censes to to deposited upon it This temperature is that 
which corresponds to the elastic tension of the atmospheric vapour. See Vapouji, 
Table of. 

Whenever the elasticity of the vapour, corresponding to the temperature of the 
water, is greater than the atmospheric pressure, the evaporation will take place not 
only from its surface*, hut from every point in its interior ; the liquid particles 
throughout the mass assuming the gaseous form, as rapidly as they are actuated hy 
the calorie, which subverts the hydrostatic equilibrium among them, to constitute the 
phenomena of ebullition This turbulent valorisation takes place at any temperature, 
even down to the freezing ]>oint, provided the pneumatic pressure to removed from 
the liquid by the air pump, or any other means. Ebullition always accelerates eva- 
poration. as it serves to carry off the aqueous particles not simply from the surface, 
hut from the whole body of the water. 

The vapours exhaled from a liquid at any temperature contain more heat than the 
fluid from which they spring ; aud they cease to form whenever the supply of heat 
into the liquid is stopjK'd. Any volume of water requires for its conversion into 
vajMmr about Jirv times us much heat as is sufficient to heat it from the freezing to tho 
boiling temperature. Thcdicat, in the former case, seems to to absorbed, being inap- 
pnriable hy the thermometer; for steam is no hotter than the boiling water from 
which it rises. Il lias been therefore called hy Dr. Black, latent heat; in contradis- 
tinction to that perceived hy the touch and measured hy the thermometer, which is 
called sensible hmt. The quantity of heat- absorbed by one volume of water in its con- 
version into steam, is about 1000° Fuhr. ; it would be adequate to heat 1000 volumes 
of water, one degree of the same scale. Were the vessel charged with wa*er so 
heated, opened, it wonld be instantaneously emptied by vaporisation, since the whole 
caloric, equivalent to its constitution as steam, is present. When upon the other hand, 
steam is condensed by contact with cold substances, so much heat » set free as is 
capable of heating about five times its weight of water from 32° to 212° F. 

Equal weights of vapour of any temperature contain equal quantities of heat ; for 
example, the vapour exhaled from one pound of water, at 77° F., absorbs during its 
formation, aud will give out in itsaondensation, as much heat as the steam produced hy 
one pound of water ut 212° F. The first portion of vapour with a tension =■ 30 inches, 
occupies a space of 27*31 cubic feet ; the second, with a tension of 0*92 inch, occupies 
a s|»ace of 890 cubic feet.* Supp<*e that these 890 volumes were to to compressed 
into 27*81 in a cylinder capable of confining the heat, the temperature of the vapour 
would rise from 77° to 212°, in virtue of the condensation, ns air becomes so hot by 
compression in a syringe, os to ignite amadou . TJie latent heat of steam at 212° F. is 
1180° — ISO 1000; tiiatof vapour, at 77°, is 1183 — 45 *= 1135 ; so that, in fact, 
the lower the temperature at which the vapour is exhaled, the greater is its latent heat, 
as Joseph Black aud James Watt long ago proved by experiments upon distillation 
and the steam engine. 1 

From the preceding researches it follows, that evaporation may be effected upon 
two different plans : — 

1. Under the ordinaiy pressure of the atmosphere; and that cither, 


* One pound avolrdupnl* of water contain* 27 72 cubic Inchon ; one cubic inch of water form* IftM 
2d5*‘2^5 of 27 . 31 " ° ne i >nuild of Wttter form 27*31 cubic feet of such team ;* 
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a, by external application of heat to boilers, with a , an open fire ; 5, steam; c, hot 
liquid madia. 0 ± 

n, by evaporation with air ; a, at tne ordinary temperature of the atmosphere ; b t 
by currents of warm air. 

2. Under progressively lower degrees of pressure than the atmospheric, down to 
evaporation in as perfect a vacuum os can be made. 

It is generally affirmed, that a thick metallic boiler obstructs the passage of the 
heat through it so mnch more than a thin one, as to make a considerable difference in 
their relative powers of evaporating liquids. Dr. Ure states that he made a series of 
experiments upon this subject. Two cylindrical copper pans, of equal dimensions, 
were provided; but the metal of the one was twelve times thicker than that of the 
other. Each being charged with an equal volume of water, and placid either upon 
the same hot plate of iron, or immersed, to a certain depth, in a hot solution of muriate 
of lime, he found that the ebullition wns greatly more vigorous in the thick than 
in the thin vessel, which he ascribed to the conducting substance up the sides, nlmvp 
the contact of the source of heat, being 12 times greater in the former case than in tlie 
latter. 

If the bottom of a pan, and tlie portions of the sides, immersed in a hot fluid medium, 
solution of caustic potash or muriate of lime, for example, be corrugated, so as to eon- 
taiu a double expanse of metallic surface, that pan will evaporate exactly double tlie 
quantity of water, in a given time, which a like pan, with smooth bottom and sides, 
will do immersed equally deep in tlie same bath. If the corrugations contain three 
times the quantity of metallic surface, the evaporation will be threefold in tlie above 
circumstances. But if the pan, with the same corrugated bottom and sides, be set 
over a fire, or in an oblong flue, so that the current of flame may sweep along the cor- 
rugations, it will evaporate no more water from its interior than a smooth pan of like 
shape and dimensions placed alongside in the same flue, or over the same lire. This 
curious fact Dr. Urc states he has verified uixm models constructed with many modi- 
fications. Among others, he caused a cylindrical pan, 10 inches diameter, and 6 
inches deep, to be made of tin-plate, with a vertical plate soldered across its diameter ; 
dividing it into two equal semi-cylindrical compartments. One of these was smooth 
at tlie bottom, the other corrugated ; tlie former afforded ns rapid an evaporation over 
the naked fire as the latter, but it was far outstripped by its neighbour when plunged 
into the heated liquid medium. 

If a shallow pan of extensive surface be heated by a subjacent fire, by a liquid 
medium, or a series of steam pipes upon its bottom ; it will give oft' less vapour in the 
same time when it is left open, than when partially covered. In the former case, the 
cool inenmbent air precipitates by condensation a portion of tlie steam, and also op- 
poses considerable mechanical resistance to the diffusion of the vaporous particles. 
In the latter case, as the steam issues with concentrated force aud velocity from the 
contracted orifice, the air must offer less proportional resistance, upon the known 
hydrostatic principle of the pressure being as the areas of the respective bases of the 
communicating vessels. 

Iitocvaporatiug by surfaces boated with ordinary steam, it mnst be borne in mind 
that a surface of 10 square feet will evaporate fully one pound of water per minute, or 
725 x 10 = 7250 gr., the same os over a naked fire ; consequently the condensing sur- 
face must be equally extensive. Suppose that the vessel is to receive of water 2500 Jbs., 
which corresponds to a boiler 5 feet long, 4 broad, and 2 deep, being 40 cubic feet by 
measure, and let there be laid over the bottom of this vessel 8 connected tubes, each 
4 inches in diameter and 5 feet long, possessing therefore a surface of 4-S feet square. 
If charged with steam, they will cause the evapoif.tion of half a pound of water per 
minute. The boiler to supply the stt*am for this purpose must expose a surface of 4-8 
square feet to tlie fire. It has been proved cxperimeunlly that 10 square feet surface 
of thin copper can condense 3 lbs. of steam per minute, with a difference of tempera- 
ture of 90 degrees Fahr. In the above example, 10 square feet evaporate 1 lb. of 
water per minute; the temperature of the evaporating fluid being 212° l'\ conse- 
quently 3:1 :: 90 : **. During £his evaj>oration the difference of the temperature is 
therefore =30°. Consequently the heat of tlie steam placed in connection with the 
interior of the boiler, to produce the calculated evaporation, should be, 212 4 30= 
242°, corresponding to an elastic force of 53-C inches of mercury. Were the tempe- 
rature of the fiteam only 224, the same boiler in the same time would produce a di- 
minished quantity steam, in the proportion of 1 2 to 30 ; or to produce tlie same 
quantity the boiler or tabular surface should be . enlarged in the proportion of 30 to 
12. In general, however, steam boilers employed for this mode of evaporation are of 
auch capacity aa to give an nnfailing supply of steam. 

We shall now illustrate by some peculiar fomiB of apparatus, different systems of 
evaporation. Fig. 729 explains the principles of evaporating in vacuq. ▲ b repre- 
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Bents a pan or kettle charged with the liquor to be evaporated. The somewhat wide 
orifice c, secured with a screw-plug, serves to admit the hand for the purpose of 

729 



cleaning it thoroughly out when the operation is finished ; h is the pipe of communi- 
cation with the steam boiler; b is a tube prolonged and then bent down with* its end 
plunged into the liquor to he evaporated, contained in the charging hack (not shown 
m the figure), n is a gloss tube communicating with the vacuum pan at the top and 
l>ottoiu, to show by the height of the column the quantity of liquid within. The 
eduction evaporutiug pi|>e c is provided with a stop-cock to cut off the communication 
when required, t is a tube for the discharge of the air and the water from the steam- 
case or jacket ; the refrigerator k is best formed of thin copper tubes about 1 inch in 
diameter, arranged zig-zag or spindly like the worm of a still in a cylinder. The 
small air-light condenser y, connected with the efflux pipe/ of the refrigerator, is 
furnished below with a discharge cock </, and surrounded by a cooling case, for the 
collection of the water condensed by the refrigerator. In its upper part there is a 
tulie k , also furnished with a cock, which communicates with the steam boiler, and 
through which the pan a n is heated. *- 

The operation of this apparatus is as follows: after opening the cocks c ,/ <7, and 
before admitting the cold water into the condenser k, the cock of the pipe k is opened, 
in order tluit by injecting steam it may expel the included air; after which the cocks 
k and g are to be shut. The water must now be introduced into the condenser, and 
the cock b opened, whereon the liquid to be evaporated rises from the charging buck, 
through the tube &, and replenishes the vacuum pan to the proj»cr height, as shown by 
tin* register glass tube h. Whenever the desired evaporation or concentration is 
effected, the cock c must be closed, the pipe k ojtoned, so as to fill the pan with steam, 
and then the efflux cock a is opened to discharge the residuary liquor. By shutting 
the cocks a and A, and opening the cock 6, the pan will charge itself afresh with liquor, 
and the operation will be begun anew, after b has been shut and c opened. 

The contents of the close water cistern p, may be drawn off during co n li operation. 
For this purpose, the cock / must first be shut, die «old water is to he then run out of 
the condenser g, and k aud g are to be opened. The steam entering by k makes the 
water flow, but whenever the steam itself issues from the cock </, this orifice mnst be 
immediately shut, the cock f opened, and the cold water again introduced, where- 
upon the condensed water that had meanwhile collected in the under part of the 
refrigerator, flows off into the condenser vessel r. Since some air .^1 ways -enters with 
the liquor sucked into the pan, it must be removed at the time of drawing off the 
water front the two condensers, by driving steam through the apparatus. This 
necessity will be less urgent if the liquor be made to boil before being introduced into 
the vacuum pan. 

Such an upnaratus may be modified in size and arrangement to suit the peculiar 
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object in view, when it will be perfectly adapted for the concentration of extract of 
every kind, as well as saline solutions containing vegetable acids or alkalies. The 
interior vessel A n should be made of tinned or plated copper. For an account of 
Howard’s vacuum pan, made upon the same principle, see Sugar. 

When a boiler is set over a fire, its bottom should not be placed too near the grate, 
lest it refrigerate the flame, and prevent that vivid combustion of the fuel essential to 
the maximum production of heat by its means. The evil influence of leaving too 
little room between the grate and the copper may be illustrated by a very simple 
experiment. If a small copper or porcelain capsule containing water be held over 
the flame of a candle a little way above its apex, the flume will suffer no abatement of 
brightness or size, but will continue to keep the water briskly boiling. If the capsule 
be now lowered into the middle of the flame, this will immediately lose its brightness, 
becoming dull and smoky covering the bottom of the capsule with soot; ami, owing 
to the imperfect combustion, though the water is now surrounded by the flame, i£t 
ebullition will cease. ‘ • 

Fig. 730 is a section of two evaporating coppers cn suite, so mounted as to favour 
the full combustion of the fuel. A is the hearth, in which wood or coul may be 



burned. For coal, the grate should be Ret higher and be somewhat smaller, a is the 
door for feeding the fire ; d, an arch of fire-hricks over the hearth; c, a grate through 
which the ashes fall into the pit beneath, capable of being closed in front to any 
extent by a sliding door b. n and c are two coppers encased in brickwork ; / the 
flue. At the end of the hearth near m, where the fire plays first upon the copper, 
the sole is made s< mewhat lower and wider, to promote the spreading of the flame 
under the vessel. The second copper c, receives the benefit of the waste heat; it 
may be placed npon a higher level, so as to discharge its concentrated liquor by a 
stnp*cock or siphon into the first. 

< Fig. 731 represents n pan for evaporating liquids, which are apt, during concentra- 
tion, to let fall crystals or other sediment 

These would he injured either by the lire 
playing upon the bottom of the pan, or, by 
adhesion to it, they would allow the inctal to 
get red hot, and in that state run every risk 
of being flumt or rent on the sudden intrusion 
of a little liquor through the incrustation. 
When largo coppers have their bottoms 
planted in loam, so that the flame circulates 
in flues round their sides, they arc said to be 
cold-set 

a is a pear-shaped pan, charged with the 
liquid to be evaporated ; it is furnished with 
a dome cover, m which there is an opening 
with a flange /, for attaching a tube, to con- 
duct the steam wherever it may be required. 
a is the fire-place; A, the ash-pit The 
conical part terminates below in tbc*tube g, 
furnished with a stop-cock at its nozzle A. 
Through the tube c d &, furnished above and 
below with the stop-cocks c and c', the liquid 
is run from the charging baclt or reservoir. 
During the operation, the upper cock c is kept partially open, to replace the fluid as 
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it evaporates ; but the under cock c' is shut, rThe flame from the fire-pluce plays 
Tound the kettle in the space c, and the smoke escapes downwards through the flue i 
into the chimney. The lower cylindrical part y remains thus comparatively cool, 
and collects the crystalline or other solid matter. After some time, the under stop- 
cook o', upon the supply-pipe, is to he opened to admit some of the cold liquor into 
the cylindrical neck. That cock bring again shut, the sediment settled, and the 
l irge stop-cock (a horizontal side valve would be preferable) h opened, the crystals 
arc suffered to dowciid into the subjacent receiver; after which the stop-cock A is shut 
;i?i(l the operation is continued. A construction upon this principle is well adapted 
for heating dyeing coppers, in which the sediment should not be disturbed, or exposed 
to the action of the lire. The fire-place should he lmilt as for the brewing copper. 

I'iy. 7.‘I2 represents an oblong evaporating pan, in which the flame, after beating 
along its bottom, turns 
ip) at its further end, 
j.lays hack ufcmg its 
surface, and pas.-csoff 
into the chimney. A 
is rectnngularvcssil, 
from 10 to IT) iWt 
long, 4 to f< feet broad, 
ami 1 or J', feet deep. 

The fire bricks, upon 

* which the pan rests, arc so arranged as ft) distribute the flame equally along its bottom. 

Ijcidcnlrost in I7f»ti (. l/./w/c,* tfc Ckhniv ) observed some remarkable facts connected 
with evaporation, uhich have since received some striking illustration from the 
CX|M‘l'illlC!lfN of M. licilt'gtiy. 

When wafer is thrown on a plate heated con.'iiderahly above the boiling point of 
water, the liquid assumes a spheroidal form, and this condition has hence received the 
name of the “spheroidal state.” This water rolls about like melted crystal without 
any signs of ebullition, and it is dissipated but very slowly. The explanation usually 
pi\cn is as follows: — “The cause of the phenomena appears to he this, water exhibits 
mi attraction fur the surface of almost all solids, and wets them; fluid mercury exhibits 
the opposite property, or repulsion for most surfaces. The attraction of water for 
surfaces brings it into the closest contact with them, and greatly promotes the com- 
munication of heat by a heated vessel to the water contained in it. Hut heat appears 
to dcvclopc a repulsive power in bodies, and it is probable that, above a peculiar tem- 
perature, tlm heated metal no longer possesses this attraction for water. The water 
not living alt 1 acted to the surface of the hot metal, and induced lo spread over it, “is 
not rapidly heated, and therefore boils off slowly.” — Gtalutm. 

The ex planar ion given by this excellent authority ou all matters connected with 
physico-chemical science has been selected as representing fairly the prevailing 
view. It is not. however, quite satisfactory. The water is said to be at a sensible 
distance from the hot plate, and a layer of aqueous vapour of very high temperature 
is known to surround the water, and yet the spheroidal water does not acquire the 
boiling temperature. Here is evidence of some peculiar, and os yet unexplained 
condition, belonging, either to heat of u certain kind or degree, or to the molecules of 
the body under its influence. 

Ihmtiguy observed that, water may pass into the spheroidal state at any temperature 
above 3411° R, ami remain in that state until the tcmj>ornturc falls to 288° R, when 
evaporation rapidly ensues. Kthe And alcohol qnss into the spheroidal state at 1 42° F. 
ami *27:1° F. A thermometer heiug plunged in liquids while in the spheroidal state, 
indicated the following temperatures: — 



Water 205*7° F, 

Absolute alcohol ------ 167*9 

Ether - - 93*6 '* 

Hydrochloric ether - 60*9 

Sulphurous acid ------ 13-1 


All these being some degrees below the boiling temperature of those fluids. 

Houtigny has shown that the vaponr escaping from water in the spheroidal state, 
although it h:is a very elevated temperature, does not possess th» usual elasticity of 
sieamf it does not exert an expansive power. Hut if the vessel from which the 
vapour is forming is allowed to cool, to a certain point, a degree of elasticity equal to 
iho elevated temperature of the vapour is suddenly exerted. This » supposed by 
Houtigny to explain many steam boiler explosions. 

^ believer fvaporntion takes place, it should l>e remembered, it produces cold 
that is, it lowers the tcnqieratiirc of the l>ody from which the evaporation is taking 
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place. Leslie, by the evaporation of ether in vac no, froze mercury. Thilorier soli- 
ili fied carbonic acid by the intense coin produced by its own evaporation. Buutiguy 
froze water in a red hot vessel, by the evaporation of sulphurous acid from the heated 
vessel in which the water is in the spheroidal state. 

Further remarks on these points will be found under the heads respectively of 
Coal, Vapour. 

EXOGENOUS. A botanical term, signifying growing by addition to the outer 
parts of the stem. 

EXOSMOSE and ENDOSMOSE. As some manufacturing processes involve the 
phenomena expressed by these two words, it appears necessary briefly to explain them. 

When two liquids are separated by a porous sheet of animal membrane, nnglazcd 
earthenware, porous stone, or clay, these liquids gradually diffuse themselves; and 
supposing salt and water to be on one side of the division, and water only on the 
other, the saline solution passes in one direction, while the water, though with less 
intensity, passes in another. 

Instead of the two words introduced by Dutrochct, Professor Graham proposes inc 
use of the single term Osmose (from &<r/uo; t impulsion). 

It was supposed tliut there, was, at the same time, an impulsing force acting from without 
and another acting from within ; that there was indeed a cuvvuiW Jlowiny /«, and another 
jlotriny out. It however appears to be proved that the osmose between water and saline 
solutions, consists not in the passage of two liquid currents, but in the passage of particles 
of tlie salt in one direction, and of pure water in the other. Profos*or Graham has 
observed, that common salt diffuses into water, through a thin membrane of ox-bladder 
deprived of its outer muscular coating, at the same rate as when no membrane is 
interposed. This force plays on important part in the functions of life, and it will be 
found to explain many of the phenomena associated with Dyeing, Tanning, &c. 
See Osmose Force. 

The stein varies in structnrc in four principal ways. It is either formed by succes- 
sive additions to the outside of the wood, when it is railed exogenous , or by successive 
additions to its centre, when it is called endogenous , or by the union of the bases of leaves, 
and the extension of the point of the axis, which is called i tenmnoua, or by simple 
elongation or dilatation where no leaves or buds exist, as among Thtilloycnx . — Lind leg. 

EXPANSION (Eng. and Fr.; Ausdehnnng , Germ.) is the increase of hulk ex- 
)>criciiccd by all bodies when heated, unless a change in molecular arrangement takes 
place, as in tlie ease of clays in tlie potter's kiln. 

Table I. exhibits the lin- ar expansion of several solids by an increase of temperature 
from 32° to 212° Fahr.; Tabic IF. exhibits the expansion in bulk of certain liquids. 


TABLE L — Linear Dilatation of Solids by Jlcat % 
Dimensions which a bar takes at 212° whose length at 32° is 1 '00000(1. 




• 


Dilatation 

Dilatation 

• SubstOUCC*. 


Authority. 

in 

in YuJjpir 




Decimals. 

Fractious. 

Glass tube - 



Sraeaton 

I *00083333 


do. 



Roy - 

1 •00077815 


do. 



Del ucs mean 

1 -00082800 

n’fil 

do. 



l)ul on g and Petit 
Lavoisie%aud La place 

1*00088130 

tYh 

do. 



1*00081 168 


Plate glass 


i. 

do. do. 

l -0008908 DO 

1 1 ii 

do. crown glass 


do. do. 

1 -00087572 

tAj 

do. do. 



do. do. 

1 *00089780 


do. do. 



do. do. 

1 -00091751 

do. rod 

Deal * - 



Roy - 

1 000S0787 




Roy, as glass 

— 


Platina 



Uorda 

1 -00085655 


do. 



Duloug and Petit 

1 -00088*120 

1 IJT 

do. 



Trough tou - 

1-00099180 


do. aifd glass 



Bcrtlioud 

l -0011 (XXX) 


Palladium - 



Wollaston 

I OOLOOOOO 


Antimony - • 

Gust- iron prism 


i 

Smeatun 

Roy- - - 

1 -00 108300 
1-00110940 

• 

Cast-iron - 


1 

■ 

Lavoisier, by Dr. loun^ 

1*001111 11 


Steel 



1 rough ton - 

1 -001 18990 


Steel rod - 


_ 

1 

i 

i 

i 

1-0011 4470 


Blistered steel 


. 

Phil. Trans. 1 705, 428 

1-00H2500 


1 do. 

- 

- 

Smeatun 

i-qpi 15000 
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‘Substances. 

Authority. 

Dilatation 

In 

Decimals. 

Dilatation 
in Vulgar 
Fractions. 

Steel not tempered - 


Lavoisier and Laplace 

1 0010787 5 

* 

do. do. 

. 

da da 


1 *00107956 


do. tempered yellow 

• 

da do. 


1*00136900 


do. do. do. 

... 

da da 


1 00 138600 


do. da do. at a higher heat 

da do. 


1*00123956 


Steel - • 


Trougbton - 

- 

1*00118980 


Hurd steel - • 


Smenton 

- 

1*00122500 


Annealed steel 


Mtischenbroek 

- 

1 *001 22000 


• 

1 

1 

1 


do. 

- 

1*00157000 


I ron - 


Borda 

- 

1 *001 1 5600 


do. 


Smeaton 

- 

1*00125800 


Soft iron, forged 


Lavoisier and I^iplacc 

100122045 


Hound iron, wire drawn t 


do. do. 


1 *001 23504 


Iron wire - 


Trougbton • 

- 

1 00144010 


I ron - 


Dulong and Petit 

- 

1 *00118203 

A 

Bismuth 

. 

Smeaton 

- 

1 *00139200 


Annealed gold 

_ 

M us>eb en brock 

- 

1 00146000 


Gold 

- 

Kllicot, by comparison 

1 *00150000 


do. procured by parting 

- 

Lavoisier and I^iplace 

1 *00146606 


da Paris standard, ununnealed - 

do. do. 


100155155 

B4J 

do. da annealed 

do. do. 


100151361 

bJt 

Copper 

- 

Muschenbrock 

• 

1*0019100 


do. 


Lavoisier and Laplace 

1*00172244 

iJt 

do. 


da da 


1*00171222 

in 

da 


Trougbton - 

- 

1*00191880 


da * " 


Dulong and Petit 

- 

100171821 

it 

Brass - • 


Borda 

• 

1*00178300 


do. 


Lavoisier and Laplace 

1*001 86671 


do. - - 


do. da 


100188971 


Brass scale, supposed from Hamburg 

Roy - 


1*00185540 


('ast brans - 

• 

Smeaton 


100187500 


Knglisli plute-brass, in rod 

- 

lloy - 


100189280 


do. do. in a trough form 

do. - • 


1*00189490 


Brass • 


Trougbton - 


1*00191880 


Brass wire - 


Smeaton 


100193000 


Bran • • 


Muschenbrock 


100216000 


Copper 8, tin 1 - 


Smeaton 


1*00181700 


Silver 


Herbert 


100189000 


da • - 


Kllieot, by comparison 

10021000 


do. - • 


Muschenbrock 

- 

1*00212000 


do. of cupel 


Lavoisier and I ji place 

100190974 

sii 

da Paris standard 


do. da 


1 00190868 

la* 

Silver 


Trougbton - 

- 

1 0020826 


Brass 1G, tin 1 


Smeaton 

- 

1*00190800 


Speculum metal 

• c 

do. • 

• 

100193300 


Spelter solder ; bran 2, line 1 

do. « - 

. 

1 00205800 


Malacca tin 


Lavoisier and Laplace 

1*00193765 

itv 

Tin from Falmouth 


do. da 


1*00217298 

T 

Fine pewter 

- 

Smeaton 


1 00228300 


Grain tin - 

• 

do. 


1 00248300 


Tin 

- 

Muschcnbroejt 

m 

1 0028400U 


Soft rohler ; lead 2, tin 1 

- 

Smenton 

m 

100250800 


Zine 8. tin 1, a little hammered * 

do. 


1 0026 9200 


Lead 

- 

1 I^ivoisier and Laplace 

1 00284836 


do. 

- 

Smeaton 

- 

1 *00286700 


Zinc 

■ 

do. 

• 

100294200 


Zinc, hammered out 1 inch per foot - 

do. 

. 

iool»oiioo e 


Glass, from 82° to 212° 

- 

Dulong and Petit 

* 

1 0008G130 

—U 

da from 21 2° to 382° 

- 

da do. 


100091827 

1QB9 

do. from 392° to 5729 

- 

do. da 


1000101114 

— 


The last two gneasurements by an air tliennonictor. 
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TABLE IL — Expansion of certain Liquids by being heated from 32° to 212°. 


BabiUncet. 

HH 


Expansion 
in vulgar 
Fractions. 

Mercury - - - » 

da in glass - • 

Water from its maximum density 
Muriatic acid (sp. gr. 1 *137) 

Nitric acid (sp. gr. 1*40) 

Sulphuric acid (sp. gr. 1*85 ) 
Alcohol (to its boiling point) ? 
Water - - - - - 

Water, saturated with common salt 
Sulphuric ether (to its boiling point ) ? 
'Fixed oils - - - - 

Oil of turpentine - 

Dulong and Petit - 
da do. 

Kir wan - 
Dalton - 
da 
da 

do. - 
do. 

da - 
do. 

do. -i 

do. 

0*01801800 

0*01543200 

0*04332 

0*0600 

0*1100 

0*0600 

0*1100 

0 0460 • 

0*0500 
0*0700 
0*0800 

0 0700 * 

bJ-s 

j . 

t 

iJ-i 

A 


If the density of water at 39° be called 1*00000, 

at 212° it becomes 0*9548, 

and its volume has increased to 1*04734 ; 

at 77° it becomes ----- 0*9973587, 

and its volume has increased to only - 1*00295, 

which, though one fourth of the whole range of temperature, is only 1 , H of the total 
expansion. Water at 00° F. has a specific gravity of - 0*9991253, 

and has increased in volume from 39° to 1 *00008, 

which is only about ^ of the total expansion to 212°, with of the total range of 
temperature. 

All gases expand the same quantity by the same increase of temperature, which 
from 32° to 212° Fahr. *= JJP «= jj, or 100 volumes become 1*375. For each degree of 
Fahr. the expansion is 

When dry air is saturatixl with moisture, its bulk increases, and its specific gravity 
diminishes, because aqueous vai>our is less dense than air, at like temperatures. 

The following Table gives the multipliers to be employed for converting one volume 
of moist gas at the several temperatures, into a volume of dry gas. 


T«miirratu-p. 

Multiplier. 

Temperature. 

Multiplier. 

53® F. 

0*9870 

■IH 

0*9799 

• 54 

0*9864 


0 9793 

55 

0*9858 


0*9786 

56 

0*9852 



0*9779 

57 

0*9846 

68 

0*9772 

58 

0*9839 

69 

0*9765 

59 

0*9833 

70 


60 

0*9827 

e 71 


61 

0*9920 , 

72 


62 

0*9813 



63 

0*9806 

mmm 

HHNMH 


Lavoisier and Laplace arrived, after an extensive series of experiments, at the two 
important conclusions following : -» 

1st All solid bodies whatever, being gradually heated from the temperature of 
melting ice to that of boiling water, and then gradually cooled from the temperature 
of boiling water to that of melting ice, will be found to have exactly the same dimen- 
sions at the saftie temperature during the process of heating and cooling; the gradual 
diminution of bulk in cooling corresponding exactly with the gradual increase of 
bulk in heatmg. # 

2nd. Glass and metallic bodies gradually heated from the temperature of melting 
ice to that of boiling water, undergo degrees of expansion proportional to those of 
mercury at the same temperature ; that is to say, between the limits just mentioned, 
the expansion of the solid corresponding to two degrees of the thermometer, is twice 
the expansion which corresponds to one degree, the expansion which corresponds to 
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three degrees Is three times the expansion whi^h corresponds to one degree, and so 
on; the quantity of expansion being multiplied in the same proportion as the number 
of degrees through which the thermometer has risen is multiplied. See- Heat, 
JLtirdner's Cyclopedia. 

Experiments by Fresnel, Forbes, Powell, Trevelyan, and Tyndal have a tendency 
to prove that heat occasions a repulsion between the particles of matter at small dis- 
tances. If a heated poker is laid slantingly on a block of lead at the ordinary tempe- 
rature, it will commence to vibrate, first slowly, and will increase with such rapidity 
as to produce a mnsical note, which continues for some time, usually changing to an 
octave at the termination. These results would appear to prove a movement amongst 
the particles constituting the bar. 

Some remarkable examples of expansion arc furnished by the influence of sunshine 
on the Britannia Tubular Jlridgc. 

„ The most interesting effect is that produced by the sun shining on one side of the 
tub.*, or on tlu top, while the opposite side and bottom remain shaded and compara- 
tively cool ; the heated portions of the tube expand, and thereby warp or bend the UiIhi 
towards the heated side, the motion being sometimes as much as 2^ inches vertically 
and 2} inches laterally. * . 

While the tabes were supported on the temporary piers on the beach, these motions 
were easily observed. An arm carrying u pencil was fixed on the south side of the 
tula*, at the centre, and a lx>ard was fix»-d on a post independent of the tube, and at right 
angles to it; the pencil was pressed against the hoard by a spring, and the rise and fall, 
and the lateral motions of the tube, were consequently placed on the board. In this way 
a very interesting diagram was taken daily. The lowest part of each figure is the 
starting point, or normal position of the tube, to which the pencil always accurately 
returns during the night. As soon as the sun rises in the morning it starts towards 
tin* right hand, rising obliquely, tlic* top and one side of the tube being warmed, aud 
the bottom and opposite side remaining unaffected. It continues thus till one o'clock, 
when the sun, having censed to shine on the southern side, begins to warm the 
northern side, the top still retaining its high temperature, the tube thus acquires a 
nearly horizontal motion towards the left lmnd.tlic slight descent in the Hue indicating 
the diminished effects of the sun on the top as it gradually sinks. The greatest deflec- 
tion to the left hand is not attained until sunset, after which the tnl>« rapidly descends 
in a uniformly curved line to its resting point. In the summer time this point is hardly 
attained More the rising sun compels it to commence its journey anew. When the 
sun is frequently obscured by passing clouds, very curious diagrams are obtained 
During the aliscucc of the sun the tube begins to cool rapidly, aud to return to its 
normal position, every passing cloud is thus beautifully recorded. 

The middle of the centre arch of Southwark Iron 15 ridge rises one inch in the 
height of summer. When great lengths of iron pij>e are laid down for the convey- 
ance of steam or hot water, sliding joints are necessary to prevent destruction either 
of the apparatus or of the building in which it is placed. 


red-liot rivets ; collars of metal arc driven on while hot, and the like. 

Mallard drew together the walls of a building that had bulged, by screwing np 
bars of iron tight to the walls while they were hot, and a similar process was adopted 
m the Cathedral of Armagh. r 

Playfair and Joule ( Chemical Sthciefy's Memoirs) have made a valuable series of re- 
searches on the expansion of bodies by beat, principally salts ; these have not how- 
ever any sufficient practical bearing to occupy our space. 

EXPRESSED OILS. See Oils. V 

A COm,BOn n#m ° f0r tb0 Solution of acctate lead. 

, LX TRACTS. (Extra its, Frj Extraclen , Germ.) The older anntWo-Lu. 
this term to designate the product of the evaporation of any vegetableT^ceor^ 
fusion, or decoction ; whether the hitter two were nude with /atcralM^nSOw’ 
whence r.rooe the distinet.ou of aqueous, alcoholic, and etlierons extracts. ’ ^ ‘ 

hourcroy made many researches upon these preparations, and supposed that thnv 
^ If 11 . 0, common jusis, which he called the extractive principle* But Chevreul and 
' c,1 ‘™' 8t » ha ™ “M Proved that this pretended principle is'a heterogenous Zl 

V, a ?\ Wc ??V >ound - n >' ‘he tmn extract therefore is now 

("o’. 'hi, 0 ! thl ' *5 JuWe lM ,terS ? btained from vegetables, reduced hy careful evaporatton 
to either a pasty or solid consistence. The watery extracts, which are “ 

"J? arC 08 ™ ious “ ‘''e vegetables^whiel^y ield themO 
others Oinmd,i°i RU1U F ’ r ™ t . abundance, and arc therefore innocent or inert- while 
lonlalu vcr * c impregnations. The conduct of the evaporatiug hOat is 
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the capital point in the preparation of* extracts. They should be always prepared, if 
jiossible, from the juice of the fresh plant, by subjecting its leaves or other succulent 
part, to the action of a powerful screw, or hydraulic press ; and the evaporation should 
he effected by the warmth of a water bath, heated not t>eyond 100° or 120 F. Steam 
heat is now applied advantageously in some cases, where it is not likely to decom- 
pose any of the principles of the plant. But by far the best process for making 
extracts is in vacuo, upon the principles explained in the article Evaporation. It is 
much easier to fit up a proper apparatus of this kind, than most practical men imagine. 
The vacaum may either be made through the agency of steam, as there pointed out, 
or by means of on air-pump. One powerful air-pump may form and maintain a good 
vacuum under several receivers, placed upon the fiat ground flanges of so many basins, 
each provided with a stop-cock at its side for exhaustion. The air-less basin con- 
taining the juice being set on the shelf of a water-bath, and exposed to a proper tem- 
perature, will furnish in a short time a large quantity of medicinal extract, possessing 
the properties of the plant unimpaired. % 

For exceedingly delicate purposes, the concentration may be performed in the cold, 
hy placing saucers filled with the expressed juice over a basin containing sulphuric 
acid, putting a gloss receiver over them, and exhausting ilsaair. 

The use of the air-pump for evaporating such chemical substances as are readily 
injured by heat, has been very common since Professor Leslie's discovery of the 
efficacy of the combined influence of rarefied air and an absorbing surface of sulphuric 
acid in evaporating water at low temperatures. It lias been supposed that the virtues 
of narcotic plants in particular might he belter obtained and preserved hy evaporation 
in vacuo than otherwise, os the decomposing agency of heat and atmospheric oxygen 
would he thereby excluded. There is no doubt that extracts thus made from the 
expressed juic* s of fresh vegetables possess for some time at least, the green aspect 
and odour of the plauts in far greater perfection than those usually made in the air, 
with the aid of artificial heat. l)r. Meurer, in the Arc hi v. der Vharmucie for April, 
1843, has endeavoured to show that the colour and odour are of no use in determining 
the value of extracts of narcotics, that the albumen left unchanged in the extracts 
made ill vacuo, tends to cause their spontaneous decomposition, and that the extracts 
made with the aid of alcohol, as is the practice iu Germany, are more efficacious at 
first, and much less apt to be injured hy keeping. M. Baldenius has, iu the same 
number of the Archiv ., detailed experiments to prove that the juices of recent plants 
mixed with alcohol, in the homuioparhic fashion, arc very liable to spontaneous 
decomposition. To the above expressed juice, the Germans udd the alcoholic tincture 
of the residuary vegetable matter, und evaporating both together, prepare very powerful 
extracts. 


F. 

FACETTING. The process of cutting faces upon ornamental articles. Steel 
jewellery, such as beads, studs, buttons, — the ornaments on the hilts of dress-swords 
and similar objects, arc ground on horizontal laps with fine emery. Facets on gold 
and silver arc cut and polished on revolving wheels, after the same general method 
as that pursued by the lapidary for cutting facets on stones. 

FACTORY. In the sense in which this term is introduced here, it is contracted 
from manufactory ; meaning the place where wdt-kmen arc employed in fabricating 
goods. To describe all the various* factories, would he to describe all the different 
manufactures, or, at least, the arrangements of the machines by which the raw material 
is converted into marketable goods. There is hut one kind of factory which will bo 
described in this place. The arrangements of a cotton factory fairly represent all the 
arrangement# for other branches of textile manufactures, and here this is socially 
described. Under Silk, Wool, &*., will l>e found particulars of the machines used and 
their general arrangements in these factories respectively. 

Factout, Cotton (General Construction of). There is no textile substance 
whose filaments are so susceptible of being spun into fine threads of uniform twist, 
strength, ana diameter, os cotton wool. It derives this property from the smoothness, 
tenacity, fl^cibilitj# elasticity, peculiar length, and spiral form of the filaments ; hence, 
when a few of them are pnlled from a heap with the fingers and thumb, they l*y hold 
of and draw out many others. Were they much longer they could not be so readily 
attenuated into a fine thread, and were they much shorter the thread would be deficient 
in cohesion. Even the differences in the lengths of the cotton staple are of ud7antago 
in adapting them to different styles of spinning and different textures cR cloth. 

If we lake a tuft of cotton wool iu the left hand, and seizing tlijj projecting fibres 
with the riirht. slowly draw them out, we shall perceive with what remarkable fiiciiity 
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they glide past each other, and yet retain tty*ir mutual Connection, while they are 
extended and arranged in parallel lines, so as to form a little riband susceptible of 
considerable elongation. This demonstration of the ductility, so to speak, of cotton 
wool, succeeds still better upon the carded fleece in which the filaments have acquired 
a certain parallelism ; for in this case the tiny riband, in being drawn out by the fingers 
to a moderate length, may at the same time receive a gentle twist to preserve its co- 
hesion till it becomes a fine thread. 

lienee we may imagine the steps to he taken or the mechanical processes to he 
pursued in cotton spinning. After freeing the wool of the plant from all foreign 
substances of a lighter or a heavier nature, the next thing is to arrange the filaments in 
lines as parallel us possible, then to extend them into regular ribands, to elongate these 
ribands by many successive draughts, doubling, quadrupling, or even octupling them 
meanwhile, so os to give them perfect equality of size, consistence and texture, and at 
(lie same time to complete the parallelism of the fibres by undoing the natural convo- 
futions they possess in the pod. When the rectilinear extension has been thus earned 
to the; fineness required by the spinner, or to that compatible with tlie staple, a slight 
degree of torsion must accompany the further attenuation; which torsion may be either 
momentary, as in the tube roving machine, or permanent, us in tlie bobbin and fly 
frame. Finally, the now greatly attenuated soft thread, called a fine roving , is drawn 
out and twisted into finished cotton yarn, either by continuous indefinite gradations 
of drawing and twisting, as in the throstle, or by successive stretches and torsions of 
considerable lengths at a time, as in the mule. 

Mechanical spinning consists in the suitable execution of these different processes 
by a series of different machines. After the carding operation, these are made to act 
simultaneously ii|»on a multitude of riltfinds and spongy cords or threads by a multitude 
of mechanical hands and fingers. However simple and natural the above described 
course of manufacture may appear to lie, innumerable difficulties stood for ages in the 
way of its accomplishment; and so formidable were they os to render their entire, 
removal of lale years in the cotton factories of England one of the greatest and most 
honourable achievements of human genius. 

The various operations may be thus classified for fine spinning 

1. The mixing and opening up or loosening the flocks of cotton wool, as imported in 
the hags, so os to separate at once the coarser and heavier impurities as well us those 
of a lighter and finer kind. 

2. Tin* icillowing , , scutching or blowing, and lapping , to remove seeds and dirt, and 
prepare the material in the form of a continuous lap or sheet for the next opera- 
tion of 

•'*. The carding , which is intended to disentangle every tuft or knot, to remove every 
remaining impurity which might have eluded the previous operation, and finally to 
prepare for arranging the fibres in parallel lines, by laying the cotton first in a fleecy 
well, and then in u riband form. 

4. The doubling and drawing out of the card-ends or ribands, in order to complete 
the parallelism of the filaments, and to equalise their quality and texture. * 

ii. Tin* roving oi>crntion, whereby tlie drawings made in the preceding process arc 
greatly attenuated, with no more twist than is indispensable to preserve the uniform 
continuity of the spongy cords. 

6. The jinn roving and stretching come next ; the former operation being effected by 
tlie fine bobbin and fly frame, the latter by the stretcher mule. 

. 7. The spinning operation finishes the extension and twist of the yarn, and is done 
either in a continuous manner by ti.e throstle, or discontinuously by the mule : in the 
former, the yam is progressively drawn, twisted, and wouud upon the bobbins ; in the 
latter, it is drawn out and twisted in lengths of from 56 to G 7 inches, which are then 
wound all at once upon the spindles. 

8. The eighth operation is the winding , doubling , and singeing of the yarns, to fit them 
for tlie muslin, the stocking, or the bobbin net iace manufacture. 

i). The packing press , for making up the yarn into bundles for the market, concludes 
this series. 

A bte. — Yarns spun for weaving into cloth, ns named in the 8tli operation, after 
iH'i ng wound, are at once warped, and after being sized, or dressed, are ready for the 
loom. • 

10. To the above may be added the operations of the dressing machines, for fine 
warps s the tape leg machine, for medium counts of warps, say 24s. to 50s., and sizing 
troughs for warps of coarser counts. 

1 1. Tlie power looms. 

12. The plaiting, or folding and measuring machine. 

/,?' P^ 88 fop compressing the bundles of cloth ready for delivery. 

1 he site of the factor}* ought to be carefully selected in reference to the health of the 
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operatives, the cheapness gf provisions, the facilities of transport for the raw materials, 
and the convenience of a market for the manufactured articles. An abundant supply 
of labour, os well as fuel and water for mechanical power, ought to be primary con- 
siderations in setting down a factory. It should therefore be placed, if possible, in a 
populous village, near a river or canal, but in a situation free from marsh malaria, 
mid with such a slope to the voider stream as may ensure the ready discharge of all 
liquid impurities. These circumstances happily conspire in the districts of Stock- 
port, Hyde, Stalcybridgc, Dukcnfield, Bury, Blackburn, &c., and hate eminently 
favoured the rapid extension of the cotton manufactures for which these places arc 
pre-eminent. 

The better to illustrate the above-named requisites for cotton spinning and manu- 
facturing, wc proceed to a description of a mill at Stockport, Lancashire, containing the 
large number of 61,400 throstle and mule spiudles, and 1320 power looms. 

Mr. 1{. McClure* 8 Cotton Factory . — The mill consists of a main body with two 
lateral wings, projecting forwards, the latter being appropriated to store-rooms, a county 
iug-house, rooms for winding the yam on liobbiiis, and other miscellaneous purpose?. 
Tlic hnildiug has six floors besides the attic story. The ground-plan comprehends a 
plot of ground 280 feet long by 200 broad, exclusive of the boiler sheds. 

The right-hand end, A (fig. 733) of the principal buildyig, is separated from the 
'main body by a strong wall, and serves in the three lower stories for accommodating 
two uincty-horse steam engines, which arc supplied with steam from a range of boilers 
contained in a low shed exterior to the mill. 

The three upper stories over the steam engine gallery are used for unpacking, sorting, 
picking, cleaning, willowing, and lapping the cotton wool. Here arc the willow, tlic 
blowing, and the lap machines, in a descending order, so that the lap machine occupies 
the lowest of the three floors, being thus most judiciously placed on the same level with 
the preparation room of tlic building. On the fourth main floor of the factory there 
are, in the first place, a line of carding engines arranged, near and parallel to the 
windows, os shown at n B, in the ground plan ( fig. 733), and, in the second place, 
two rows of drawing frames, and two of bobbin and fly frames, in alternate lines, 
parallel to each other, as indicated by d, c, i>, c\ for the drawing frames, and e, k, k, e, 
Jor the bobbin and fly frames in the ground plan. The latter machines arc close to 
the centre of the apartment. 

The two stories next untler the preparation room arc occupied with throstle frames, 
distributed as shown at F F, in the ground plan. They stand in pairs alongside of 
each other, whereby two may be tended by one person. These principal rooms arc 
280 feet long, and nearly 50 feet wide. The two stories, over the preparation room, viz., 
the filth and sixth floors from the ground, arc appropriated to the mule jennies, which 
arc placed in pairs fronting each other, so that each pair may be worked by one man. 
Their mode of distribution is shown at a «, in the ground plan. The last single 
mule is seen standing against the end wull, with its head-stock projecting in the 
middle. 

The ground floor of the main building, as well os the extensive shed abutting behind 
it, marked by n, h, h, in the plan, is devoted to the power looms, the mode of placing 
which in plainly seen at n, n, h. 

The attic story accommodates the winding frames, and warping mills, and the warp 
sizing machines, subservient to power weaving. 

iSome extra mules (self-actors), arc placed in the wings. 

We shall briefly Bum up the references in the ground plan as follows : — 
a, the ground apartment lor the steam engines. 

n, the distribution of the carding engines, the moving shaft or axis running in a 
straight line through them, with its pbllcys, for receiving the driving bands, 
c c, the drawing frames, 
l) i>, the jack, or coarse bobbin and fly frames. 
k e, the fine roving, or bobbin and fly frames. 

f, the arrangement of the throstle frames, standing in pairs athwart the gallery, in 
the 2nd and 3rd flats. • 

a, the mules are here represented by their roller beams, and the outlines of their 
head -stocks, as placed in the 5th and 6 th stories. 

li, the looms, with their driving pulleys projecting from the ends of their main axes. 
Sometimes the looms arc placed in parallel straight lines, with the rigger pulleys of the 
one alternately promoted more than the other, to permit the free play of the driving- 
belts; sometimes the looms arc placed, us generally in this engraving, alternately to 
the right and left, by a small space, when the pullt.*ys may all project equally. The 
former plan is the one adopted in Mr. Orrell’s mill. 

i, represents the cast-iron girders which support the floors of this fire-proof 
building. 


« 
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k, k, are closet** placet^ in cadi floor, in tlie recesses of a kind of pilasters built 
against tlie outride of the edifice*. Tli»se hollow shafts are Joined at top by horizontal 
pipes, iv hidi all terminate in a chest connected with the suction axes of a fan, whereby 
a cnnM.irt draught of air circulates up the shafts, ventilates the apartments, and pre- 
vents the reflux of offensive effluvia from the water-closets, however careless the work- 
people may be. Tlie closets towards the one cud of the building are destined for the 
men ; towards the other for the women. 

i.. j,. are the staircases, of a horse-shoe form, the interior space or shaftfin the middle 
being used for the tcagle or hoist. In tlie posterior part of the shaft a niche or groove 
is Ii'ft for the counter-weight to slide in, out of the way of the ascending and descending 
platform. 

m, m, are the two porters* lodges, connected to tlie comer of each wing by a handsome 
iron balustiade. They are joined liv ail iron gate. 

It will lie oh- civ oil tint tlie hack loom-shed has only one story, as shown in section 
7 is In tlie grou*. d plan of the shed, N represents the roofing, of wood-work, 
f'o.- rafters of tli * floors lvst at. their cuds upon an iron plate, or shoe irith edges (iffe 
i ‘ .died ). for the girders to heir upon. 

,f vo steam engines, of fully I t»n horse-power each, and two of 50 horse-power each, 
"o. rate by cranks, which stand a* right angles upon the shaft marked a both in the 
in.:i> and seel ion 1 n tin* centre, between the, hearings, is a large cog-wheel, driving a 
smaller one upon thohaft marked h in both figures, to which the flv-wlieel c belongs. 
That prime motion wheel is magnificent, and possesses a strength equal to a strain of 
Sun horses. From this shaft motion is given to the main or upright shaft d, in the. 
section, by two bevel wheels, visible at the side and on the top of the great block of 
sif'iu : ;i"l 5 ions weight (yty. 733), which gives a solid basis to the whole moving 
apparatus. 

'I'Ih* \ vlocity of the piston in those steam engines is 240 ft. per minute. 

The first shaft makes 44 3 revolutions per minute; the main upright shaft 5f?*8i 
p- r ...iuufe. r l'lic steam engine makes if» strokes per minute ; and the length ol a their 
*:ri»:ie is 7 ft C in. 

Vs the one engine exerts its maximum force when the other has no force at all, and 
■- * oe ieere.ises as the o’ her diminishes in tlie course of each pair of strokes, the 
tv • ti ns co-operate in impart ir.g an equable impulsion to the grest gearing and shafts, 
w l ii. , li, being triiiy made, highly polished, and placed in smooth bearings of hard brass, 
iv\i>!ve most silently and without those vibrations which so regularly recurred in the 
old factories, and proved so detrimental to the accurate performance of delicate spinning 
fr.nv>\ 

TJ»- for iliesc four engines is supplied by four high pressure horizontal engines, 
in ide by 15. Good fellow of Hyde, the exhausted steam from which has still power 
» i; mirh io drive the low pressure condensing engines. J*y an ingenious amingemont 
he Condo : ug water from these engines, while on its return to the river is made to 
cun uii ^ horse water- wheel. 

A 1 2 -horn 1 auxiliary engine for driving the warping mills, sizing and drying frames, 
irui Vie'diauicV *hop at night (in the event of breakages to the machinery), com- 
pi. 'cs tin- power of thi c gn at mil!, equalling over 1 (Hill indicated horse-power, all the 
s f ■:;.'i *ii»g supplied by 5 boilers carrying 70 lbs. pressure. 

•fc , — Prior to the application of the principle of compounding or nnitiiigliigli and 
hi ■. -pressure engines, the above-named four low pressure engines required nine boilers, 
e .frying 14 pressure, to supply them with sufficient steam; now, as we have shown, 
h *i! rs uf smaller dimensions* carrying 7olbs. pressure, supply a sufficient quantity of 
s; c:un, lor increased power, ut a reduction of fifty per cent, on the consumption of 
coals. 

The power for driving the machinery is conveyed from the engine rooms by shafting 
in the usiuil manner. 

To the horizontal ramifications from the upright shaft any desired velocity of rota- 
lion niiiv bn® given by duly proportioning the diameters of tlie bevelled wheels of 
communication between them ; finis. if the wheel on the end of the horizontal shaft 
have one-half or one-third the diameter of the other, it will give it a double or a triple 
Speed. 

In the lowest floor, tlie second bevel wheel altove the stone block drives the hori- 
zontal shaft r, seen in the ground plan; and thereby the horizontal shaft. f % at right 
angles to Ike former, which runs throughout the Icnglh of the building, as the other 
did through its breadth, backwards. Tlie shaft f lies alongside of the hack window 
waft iear the ceiling ; and from it tlie transverse slender shafts proceed to the right 
nud left ; n the main building, and to the shed behind it, ea**h of them serving to drive 
two lines of looms. Those slender or branch shafts are mounted with pulleys, each of 
which drives four looms by four separate hands. 
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In the second &u<J third floors, where the throstles are placed, the shaft d is seen in 
the section to drive the following shafts : — 

Upon the main upright shaft d ( fig . 735), there are in each of these stories two 
horizontal bevel wheels, with their frees fronting each other (shown plainly over dd), 
by which are moved two smaller vertical bevel wheels, on whose respective axes are 
two parallel shafts, one over each other, g g, which traverse the whole length of the 
building. These two shafts move therefore with equal velocities, and in opposite 
directions. They run along the middle space of each apartment ; and Wherever they 
pass the rectangular line of two throstle frames (as shown at r in the ground plan) they 
are each provided with a pulley ; while the steam pulleys on the axes of two conti- 
guous throstles in one line are placed as far apart as the two diameters of the said shaft- 
pulleys. An endless strap goes from the pulley of the uppermost horizontal shaft 
round the steam or driving-pulley of one throstle frame ; then up over the pulley #, 
the second or loweT shaft, g j next up over the steam pulley of a second throstle ; and. 
lastly, up to the pulley of the top shaft, g. See gg in the throstle floors of the cross 
section. # 

In the preparation room, three horizontal shafts are led pretty close to the ceiling 
through the whole length of the building. The middle one, h (see the plan,.//#. 733), 
is driven immediately by bevel wheels from the main uprigli^ shaft d ( Jig . 734). The 
two side ones i, u which run near the window walls, are driven by two horizontal shafts, 
which lead to these side shafts. The hitler are mounted with pulleys, in correspondence 
with the steam pulleys of tho two lines of carding engines, as seen between the cards in 
the plan. The middle shaft A, drives the two lines of bobbin and fly frames, e, e. e, k 
(see cross section), and short shafts t, t, seen in the cross section of this floor, moved 
from the middle shaft h, turning the gallows fixed to the ceiling, over the drawing 
and jack frames, give motion to the latter two sets of machines. See c d in the cross 
section. 

To drive the mules in the uppermost- story, a horizontal shaft k (see longitudinal and 
cross sections, as well as ground plan) runs through the middle line of the bailding, 
and receives motion from beved wheels placed on the main upright shaft, </, immediately 
beneath the ceiling of the uppermost story. From that horizontal shaft. A, at every 
second mule, a slender upright shaft, /, passing through both stories, is driven (see hotli 
sections). Upon these upright branch shafts arc pulleys in each story, one of which 
serves for two mules, standing bock to hack against each other. To the single mules 
at the ends of the rooms, the motions ore given by still slenderer upright shafts, which 
stand upon the head stocks, and drive them by wheel-work, tho steps (top bearings) 
of the shafts being fixed to brackets in the ceiling. 

In the attic, a horizontal shaft m m, runs lengthwise near the middle of the roof, and 
is driven by wheel- work from the upright shaft. This shaft, m, gives motion to the 
warping mills and dressing machines. 

This cotton mill liaving been erected according to plans devised and executed by 
that very eminent engineer, Mr. Fairbairn, of Manchester, may be justly reckoned a 
model of factory architecture. It is mounted with 1320 power-looms, of which each 
100 require steam ]»ower equivalent to 2 5 horses to impel them, inclusive of the prepara- 
tion and spinning operations competent to supply the looms with yarn. 

Ten looms, with the requisite dressing, without spinning, arc considered to be equi- 
valent to 1 liorse power in a steam engine. Steam power equivalent to 1 horse will 
drive — 

500 mule spiudlcs, 

300 self-actor spindles, 

180 throstle spindles of the common construction ; in which estimate the requisite 
preparation processes are included. 

In Mr. M‘Clure's mill there arc in the throstle- frame 

floors - -- -- -- - 27,200 spindles 

And in the mule floors ------ 34,200 „ 


Total yarn spiudlcs • 61,400 

To which add, power-looms 1320, producing the product of the spindles, in the shape 
of 300,000 yards of cloth in every week of 60 hours. 

One of tne iflost compact and best regulated modern factories, on the small scale, 
which we viqjjted in Lancashire, consisted of the following system of machines : — 

1 willow, 1 blowing machine, 1 lap machine, capable, together, of cleansing and 
lapping 9000 pounds of cotton per week, if required. 

21 cards, breakers, and finishers, which carded 5000 lbs. of cotton every week of 
60 hours' work, being abont 240 lbs. i>er card. 

3 drawing-frames, of 3 heads each. 

Vol. II. 8 
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3 coarse bobbin and fly frames. 

7 fine bobbin and fly frames. No stretcher mule. 

12 self-actor mules, of Sharp and Roberts’s construction, of 404 spindles each 
b 4848 mule spindles. 

10 throstle frames, of 236 spindles each =2360 spindles. 

7 dressing machines. 

236 power-looms. 

2 waf-ping mills. 

300 -winding spindles for winding the warp. 

The rovings have 4 hanks in the pound, and arc spun into yarn No. 38 on the 
throstle, as well as the mule. 

One bobbin of the roving (compressed) lasts 6 days on the self-actors, and 6 days on 
the throstles. 

According to the estimate of Peel and Williams, of Manchester, 66 horses power of 
a steam engine are equivalent to 39G power-looms, including 16 dressing machines; 
‘ the cloth be|ng 36 inches wide upon the average, and the yarn varying in fineness from 
12*8 to 40’s, the mean being 26's. Here, the spinning and preparation not being 
included, the allowance of power will appear to be high. The estimate given above 
assigns 10 looms, with the requisite dressing, to 1 horse ; but the latter assigns no more 
than 6. f 

For the following experimental results, carefully made with an improved steam 
engine vulicatvr , upon the principle of Mr. Watt’s construction, we are indebted 
to Mr. Bennet, an engineer in Manchester. His mode of proceeding was to deter- 
mine, first of all, the power exerted by the factory steam engine when ull tlic machines 
of the various floors were in action ; then to detach, or throw out of gear, each system 
of machines, and to note the diminution of force r.ow exercised. Finally, when all the 
machines were disengaged, lie determined the power requisite to move the engine itself 
as well os the great gearing-wheels and shafts of the factory. 

He found at the factory of J. A. Beaver, Esq., in Manchester, that 600 calico looms 
(without dressing) took the power of 33 horses, which assigns 15 looms to 1 horse 
power. 

At Messrs. Birley's factory, in Manchester, he found that 1080 spindles in 3 stlf- 
actor mules took 2*50 horses, being 41 7 spindles for I horse power; that 3960 spindles 
in 1 1 self-actors took 8-33 linrscB, being 475 spindles per horse power ; 1,080 spiudlis 
in 3 self-actors took 2 horses, being 540 spindles per horse. 

At Messrs. Clarke and Sons, in Manchester, that 585 looms in weaving fustians of 
various breadths took 54 horses power, exclusive of dressing machines, being 1 1 looms 
to 1 horse. 

At J. A. Beaver's, on another occasion, he fonnd that 1200 spindles, of Dauforth'3 
construction, took 21 horses, being 57 spindles per horse power ; and that in a second 
trial the power of 22 horses was required for the same effect, being 54 Danforth's 
spindles per horse power. 

An excellent engine of Messrs. Boulton and Watt, being tried by the indicator, 
afforded the following results iu a factory : — 

A 60 horse boat-engine (made as for a steam boat) took 

14 J horses power to drive the engine with the shafts 1 -f-f> 

3} blowing machines, with their 3 fans - 21 •55 

JO dressing machines ------ 10 25 

12 self-actor mules of 3G0 spindles each (720 spindles 

per horse power? - 6-00 

GDuuforlli’s throstle frames. containing 570 spindles (96 

in each), being 93 spindles to 1 horse power - C*20 

At Bollington, iu a worsted mill, he found that 106} spindles, including preparation, 
took 1 horse power upon throstles. N. B. There is no carding in the long wool or 
worsted manufacture for mcriuos. t • 

At Bradford, in Yorkshire, he found that a 40* horse power boat-engine, of Bonlton 
and Watt's, drove 598 calico looms, 6 dressing machines (equivalent to dress warp for 
180 of the said looms), and 1 mechanics’ workshop, which took 2 horses power. Other 
engineers estimate 200 common throstle Spindles, by themselves, to the equivalent to 
the power of 1 horse. 

The shafts which drive the cards revolve about 120 times per'ininute,' with a driving 
pulley of from 15 to 17 inches in diameter. 

The shafts of the drawing and the bobbin and fly frames revolve from 160 to 200 
times per minnte, with pulleys from 18 to 24 inches in diameter. 

The shafts of throstle frames in general torn at the rate of from 220 to 240 times per 
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minute, with driving puljcys 18 inches in diameter, when they are spinning yarn 
of from No. 35 to 40*. The shafts of lyules revolve about 130 times per minute, with 
pulley 16 inches in diameter. 

The shafts of power looms revolve from 110 to 120 times per minute, with pulleys 
1 5 inches in diameter. 

The shafts of dressing machines revolve 60 times per minute, with pulleys 14 inches 
in diameter. * 

Before quitting the generalities of the cotton manufacture we may state the following 
f;icts communicated also by Mr. Bennet : — 

A waggon-shaped boiler, well set, will evaporate 12 cubie ft. of water with 1 cwt. of 
coals ; and a steam-boiler with winding flues will evaporate 17 cubic A with the same 
weight of fuel : 7 lbs. of coals of the former boiler are equivalent to 1 horse power 
exerted for an hour, estimating that a horse can raise 33,000 lbs. 1 foot high iu a 
minute. 

The first cotton mill upon the fire-proof plan was erected by the Messrs. Strutt# 
at Helper, in the year 1797 ; that of Messrs. Phillips and Lee, at Manchester, in 1801 ; 
that of H. Uouldsworth, Esq., of Glasgow, in 1802 ; and that of JamcB Kennedy, at 
Manchester, in 1805 ; since which time many good factories have been built fire-proof, 
like Mr. M‘Clurc'8. • 

The heating of the apartments of cotton factories is effected by a due distribution of 
cast-iron pipes, of about 7 or 8 inches diameter, which are usually suspended a little 
way below the ceilings, traverse the rooms in their whole length, and are filled with 
steam from boilers exterior to the building. Tt has been ascertained that one cubic 
foot of boiler will heat fully more than 2,000 cubic ft. of space in a cotton mill, and 
maintain it at the temperature of about 75° Fahr. If we reckon 25 cubic ft. contents 
of water in a waggon-shaped steam boiler as equivalent to 1 horse power, sucli a 
boiler would be capable of warming 50,000 cubic ft of space; and therefore a 10 
horse steam boiler will be able to heat 500,000 cubic ft. of air from the average 
temperature, 50°, of our climate, up to 75°, or perhaps even 80° Falir. 

It has been also ascertained that in a well-built cotton mill, one superficial foot of 
exterior surface of cast-iron steam pipe will warm 200 cubic ft. of air. In common 
cases for heating churches and public rooms, we believe that oiic-lmlf of the above 
heating surface will he found adequate to produce a sufficiently genial temperature 
in the air. The temperature of the Rtcam is supposed to be tiie same with that 
in Mr. Watt’s low-pressure engines, only a few degrees above 212° — the boiling point 
of water. 

The pipes must he freely slung, and left at liberty to expand and contract tinder 
the changes of temperature, having one end at least connected with a flexible pipe of 
copjHT or wrought iron, of a swan-neck shape. Throngh this pipe the water of 
condensation* is allowed to mn off. The pipes should not be laid in a horizontal 
direction, but have a sufficient slope to discharge the water. The pipes are cast from 
half an inch to three-quarters thick in the metal. In practice the expansion of steam 
pipes of cast-iron may be taken nt about one-tenth of an inch in a length of 10 feet, 
when they are heated from a little above the freezing to the boiling point of water. 
The upper surface of a horizontal steam pipe is apt to become hotter than the bottom, 
of the water lie allowed to stagnate in it ; the difference being occasionally so great, as 
to cause a pipe 60 feet long to be bent up two inches in the middle. 

In arranging the steam pipes provision ought to be made uot only for the discharge 
of the water of condensation, as above stated, bnt for the ready escape of the air; other- 
wise the steam will not enter freely. Even after the pipes arc filled with steam, a 
little of it shonld lie allowed to escape at some extreme orifice, to prevent the re- 
accumulatiou of air discharged from the water of the steam boiler. In consequence 
of water bciug left in the pipes serious accidents may happen ; for the next time 
the steam is admitted into them, the regularity of he .« ting and expansion is im- 
peded, some part of the pipe may crack, or a violent explosion may take place, and 
the joints may be racked to a very considerable distance, every way. from the place 
of rupture, by the alternate expansi#ns and condensations. The ]>i|H?s should there- 
fore be laid, so as to have the least possible declivity, in the direction of the motion of 
the steam. 

Formerly, when drying rooms in calico printing works were heated by iron stoves, 
or cockles, theiifinmates were very unhealthy, and became emaciated : since they have 
been heated steau^ pipes the health of the people has become remarkably gui-d, and 
their appearance frequently blooming. 

Factory is also a place where factors meet to dispose of goods, os Tea factories, 
&c. &c. 

FAHLERZ. Grey coppor-orc, called also Panulntsc, from the many oxides it 
contains, and Tvlm/wlrUe from its form. 
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The analysis of a crystallised specimen from Huel Prosper 

Antimony 
Arsenic - 
Sulphur - 


Copper - 
Silver - 
Iron 
Zinc 


30*18 

traces 

6*99 

traces 


in Cornwall, gave 

- - - 23 66 

- 4*40 

- 25*04 


The following analysis by M. Rose, will show the variation in composition of this 
interesting mineral : — 



Sulphur. 

Antimony. 

Copper. 

1. St. Marie Anxillines, in Alsace - 

26*83 

12*46 

40*60 

2. Gersdorf, Freiburg - 

26*33 

16*52 

38*63 

3. Kapnik, Hungary ... 

25*77 

23*94 

37*98 

4. Dillenburg, in Nassau 

25*03 

25*27 

38*42 

5. Mine Zidda, at Clausthal - 

24*73 

28'24 

34*48 

j Besides Arsenic, Iron, Zinc, and Silver. 



FMOULA. SccFkcula. 

FAIENCE. A pottery made at Facnza, with a common earthenware body, 
covered with a glaze and enamelled with painted designs. It has been sometimes 
called Raphael ware , because it has been supposed the designs of the gTeat painter 
were used to ornament it The Raphael who decorated much of the porcelain of the 
sixteenth century wus Raffaelo Ciaria d’l T rhino. 

FAINTS is the name of the impure spirit which comes over first and last in the 
distillation of whiskey ; the former being called the strong, and the latter, which is 
much more abundant, the weak fainta This crude spirit is mnch impregnated with 
feetid essential oil (fusel oil) ; it is therefore very unwholesome, and most be purified 
by rectification. 

FALSE SILVER. A name given by the ancients, in all probability, to zinc. 
Strabo, in a passage quoted in Watson’s Chemical Essays, speaks of false silver, witli 
the addition of copper, making orichalcum, or brass. 

FALSE TOPAZ. A light yellow pellucid variety of quartz crystal. It may be 
distinguished from yellow topaz, for which, when cut, it is frequently substituted, by 
its difference of crystalline form, the absence of cleavage, inferior hardness, and lower 
specific gravity. Found in the Brazils, &c. 

FAN (fiventail, Fr. ; Facher, (Irrm.) is usually a semi -circular piece of silk or 
paper, pasted double, enclosing slender slipB of wood, ivory, tortoise-shell, wLalebone, 
&c., arranged like the tail of a peacock in a radiating form, and susceptible of being 
folded together and expanded at pleasure. This well-known hand ornament is used by 
ladies to cool their faces by agitating the air. Fans made of feathers, like the wing of a 
bird, have been employed from time immemorial by the natives of tropical countries. 

Fan is also the name of the apparatus for winnowing corn, for urging the fires of 
furnaces, and for purposes of ventilation. For an account of the powerful blowing 
and ventilating fen machines, see Iiion Manufacture and Ventilation of Minks. 

FANG, a mining term. A niche cut in the side of an adit or shaft, to serve as an 
air course. Sometimes the term afanging is applied to a main of wood pipes. 

FARINA ( Farine , Fr. ; Mehl , Germ.) is the flower of any si>ecies of com, or 
starchy root, snch as potato, arrow-root, &c. See Bread and Starch. 

FATS ( Graisses, Fr. ; Fetle, Ce^n.) occur in a great number of the animul tissues, 
being abundant under the skin in what is called the cellular membrane, round the 
kidneys, in the folds of the omentum, at the base of the heart, in the mediastinum, 
the mesenteric web, as well as upon the surface of the intestines, and among many of 
the muscles. Fats vary in consistence, colour, and smell, according to the animals 
from which they are obtained ; thus, they are generally fluid in the cetaceous tribes, 
soft and rank-flavoured in the carnivorous, solid r id nearly scentless iff ihe ruminants 
usually white and copious in well-fed young animals ; yellowish and more Bcanty in the 
old. Their consistence varies also according to the organ of their prodnetion j being 
firmer under the skin and in the neighbourhood of the kidneys than among the 
movable viscera. Fat forms about one-twentieth of the weight of a*h»althy animal. 
Rot as taken out by the butcher it is not pure ; for being of a vesicular structure, it is 
alwfiys enclosed in membranes, mixed with blood, blood-vessels, lymphatics, &c. 
These foreign matters most first be separated in some measure mechanically, after 
the fet is minced small, and then more completely by melting it with hot water, 
passing it through a sieve, and letting the whole cool very slowly. By this m«»nt a 
cake of cleansed fet will be obtained. 
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Braconnot and fiaapail^have shown that solid animal fats are composed of very 
small microscopic, partly polygonal, partly reniform particles, which are connected 
together by very thin membranes. These may be raptured by mechanical means, 
then separated by triturating the fresh fats with cold water, and passing the nnctuons 
matter through a sieve. The particles float in the water, bat eventually collect in a white 
granular crystalline appearance, like starch. Each of them consists of a vesicular in- 
tegument, of the nature of stearine, and an interior fluid like elaine, whjch afterwards 
exudes. The granules float in the water, but subside in spirits of wine. When 
digested in strong alcohol, the liquid part dissolves, but the solid remains. These 
particles differ in shape and sise, as obtained from different animals ; those of the 
cal£ ox, sheep, are polygonal, and from ^ to ^ of an inch in diameter ; those of the 
sow are kidney-shaped, and from & to ^ ; those of man are polygonal, and from to 
3(0 ; those of insects are spherical, and at most 2 Jo of an inch. 

Fats all melt at a temperature much under 212° F. When strongly heated with 
contact of air, they diffuse white pungent Aimes, then blacken, and take fire. Wliqp 
subjected to distillation they afford a changed fluid oil, carburetfed hydrogen, and the 
other products of oily bodies. Exposed for a certain time to the atmosphere, they 
become rancid, and generate the same fat acid as they do by saponification. In their 
fresh state they are all composed principally of stearine, margarine, and oleine, with a 
little colouring and odorous matter ; and in some species, hircine, from the goat ; 
phocenine, from the dolphin ; and butyrine from butter. By subjecting them to a 
great degree of cold, and compressing them between the folds of blotting paper, a resi- 
duum is obtained, consisting chiefly of stearine aud margarine ; the latter of which 
may be dissolved out by oil of turpentine. 

beef and Mutton Suet — When fresh, this is an insipid, nearly inodorous fat, of a firm 
consistence, almost insoluble in alcohol, entirely so, if taken from the kidneys and 
mesenteric web of the ox, the sheep, the goat, and the stag. It varies in its whiteness 
consistence, and combustibility, with the species and health of the animals. They may 
all he purified in the manner above described. Strong snlphnric acid developes 
readily the acid fats by stirring it through melted suet Alkalies, by saponification, 
give rise to one of the three acids, — the stearic, margaric, or oleic. Beef suet consists 
of stearine, margarine, and oleine ; mutton and goat suet contain a little hircine. The 
specific gravity of the tallow of whic!. common candles are made is, by Urc's experi- 
ments, 0*936. The melting point of suet is from 98° to 104° F. The proportiou 
of solid and fluid fat in it is somewhat variable, but the former is in much larger 
proportion. Mutton suet is soluble in 44 parts of boiling alcohol, of 0*820 ; beef 
suet in 44 parts. Marrow fat cansists of 76 of stearine, and 24 of oleine ; it melts at 
115° F. 

Hog's lard is soft, fusible at 81° F., convertible, by an alkaline solution, into a 
stearate, margarate, oleate, and glycerine. Its sp. grav, is 0*938, at 50° F. It consists 
of 62 of oleine, and 38 of stearine, in 100 parts. 

Goose-fat consists of 68 oleine and 32 stearine. 

Butter , in summer consists of 60 of oleine and 40 of stearine ; in winter, of 35 of 
oleiile, and 65 of stearine ; the former substance being yellow and the other white. It 
differs, however, as produced from the milk of different cows, and also according to 
their pasture. 

Chevreul has investigated with great care the composition of fats. He has Bhown 
that they are mixtures of simple fats as oleine, stearine, and margarine. For his in- 
vestigations Bee those articles in Watts' “ Dictionary of Chemistry.’’ 

See Glycerine, Margarine, Oleine, Soap, Stearine. 

The following statement is given on the authority of Braconnot:— 



Oleine. Stearine. 

Oleine. Stearine. 

Hog’s lard - 

- 62 38 

Duck fat - 

- 72 28 

Ox marrow 

- 24 76 

Ox tallow - 

- 25 75 

Goose f^t - 

- 68 32 

Mutton suet 

- 26 74 

9 

The late Dr. Robert Dundas Thomson gave the following list 
their melting points : — 

of animal fats and 

Badger ft t 

- 86° 

Duck’s At 

- 77° 

Beef tallow _ - 

- 98$ 

Dog - 

- 79} 

Calf- - • - 

- 136*8 

Fox - 

- 190 

Camel 

- 131 

Hare 

- 117$ 

Cochineal fat - 

- 104 

Hog's lard 

- 80*5 

Cow's batter 

- 79*7 

Horse grease 

- 140 
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Human fat 

- 77° 

Pheasant - 

- 109 

Turkey 

- 113 

Stearine (human) 

- 120 

„ (sheep) - 

- 109 

»» (oxen) - 

- Ill 

» /hog) - 

- 109 


Stearine (ducV) - • - 

- 109° 

Ctftine - 

- 120 

Chlorestine 

- 278 

Cantharides fat - 

- 93£ 

Margarine (butter) 

- 105 

Palmitine - - - 

- 115 


The purification and decoloration of fata has been the object of many patents. 
One of the best is to mix 2 per cent of strong sulphuric acid with a quantity of 
water, in which the tallow is heated for some time with much Btirrmg; to allow the 
materials to cool, to take off the supernatant fat and to re-melt it with abundance of 
hot water. More tallow will thus be obtained, and that considerably whiter and 
harder than is usually procured by the inciters. 

Dr. Ure stated that he found that chlorine and chloride of lime did not improve, 
but rather deteriorated, the uppcarnuccs of oils and other fatty bodies. According to 
Appcrt, minced suet subjected to the action of high-pressure steam in a digester, 
at 250° or 260° F., becomes so hard as to he sonorous when struck, whiter, and 
capable, when made intp candles, of giving a superior light. A convenient mode 
of rendering minced tallow, or melting it, is to put it in a tub, and drive steam 
through ft from numerous orifices in ramifying pipes placed near the bottom. 
Mr. Watts* plan of purifying fats, patcutcd in March, 1836, has been successful. 
Tie employs dilute sulphuric acid, to which lie adds a little nitric acid, with a very 
smull quantity of bichromate of potash to supply oxygen, and some oxalic acid. 
These arc mixed with the fat in the steaming tub. When the lumps of it are nearly 
dissolved, he takes for every ton of fat, one pound of strong nitric acid, diluted with 
one quart of water ; to which he adds two ounces of alcohol, naphtha, sulphuric ether, 
or spirits of turpentine ; and alter introducing this mixture, he continues the boiling 
for Jiulf an hour. The fiit is finally washed. 

Others have projjosed to use vegetable or animal charcoal first, especially for rancid 
oils, then to heat them with a solution of sulphate of copper and common salt, vliich 
is snpposed to precipitate the fetid albuminous matter. 

Mr. Prynne obtained a patent in March, 1840, for purifying tallow for the candle- 
maker, by heating it along with a solntion of carbonate of potash or soda for 8 hours, 
letting the whole cool, removing the tallow to another vessel, heating it by means of 
steam up to 20G° F., along with dry carlKmate of potash (pcarlash) : letting this mix- 
ture cool very slowly ; and finally removing the tallow to a vessel inclosed in steam, 
so as to expel any subsidiary moisture. 

A patent for a like purpose was obtained in June, 1842, by Mr. II. II. Watson. lie 
avails himself of the blanching power of oxygen, as evolved from permanganate of 
potash (chameleon mineral), in the act of its decomposition by acids, while in contact 
with the melted fat. He prescribes a leaden vessel (a well joined wooden tub will 
also serve) for operating upon the melted tallow with one-twentieth of its weight of 
the manganate dissolved in water, and acidulated to the taste. The whole are, to he 
well mixed, and gradnally heated from 150° up to 212° F., and maintained at that 
temperature for an hoar. On account of the tendency of the dissolved man- 
ganatc to spontaneous decomposition, it should he added to the dilute acid, mixed 
with the fat previously melted at the lowest temperature consistent with its fluidity. 

Mr. Wilson, of Vauxhull, has applied centrifugal action to the separation of the 
liquid from the more solid parts of fatty matters, employing in preference the hydro- 
extractors used by Seyrig and Co#, for drying textile fabrics. Mr. Wilson applies a 
stout cotton twill in addition to the wire-grating; and in order to avoid tlic necessity 
of digging the concrete parts, and to prevent them from clogging the interstices for 
the discharge of the oily matter, he places the whole in a hag 6 inchqs in diameter, 
and of such length that when laid on the rotating machine ugainst the grating the 
two ends will meet. The speed of the machine must be kept below that at which 
stearic acid or stearin e would pass ; which is knovjn by the limpidity ofllie expressed 
fluid. To take advantage of the liquefying influence of heat, he keeps the tempera- 
ture of his own room about 2° F. above that of the sulratanccs under treatment. 

The chemistry of ffct will be found in Watts “ Dictionary of Chemistry.” For 
Imports , &c., see Tallow. ■ 

FAULTS ( Failles , Fr.), in mining, are disturbances of the strata which interrupt 
the miner's operations., and pot him at a loss to discover where thb vein Afore or bed 
of coal lias been “ thrown ” by the convulsion of nature, 

A mineral vein may be regarded as a fissure formed by the consolidation of the 
rocks in which it exists, or by some movement of the entire mass, producing these 
cracks at right angles to the line of greatest mechanical force ; these have been even- 
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tually filled in witfc the mineral or metalliferous matter which we find in them. After 
this has taken place, ther£ has sometimes been a movement of a portion of the ground, 
and the mineral vein, or lode, has been fractured. A simple illustration of this is the fol- 
lowing,^. 736, where we have the mineral vein dislocated, and subsequently to the dis- 
location there lias been a formation of a string of spathose iron, following the bendings 
of a crack formed by the movement, which, in this case, has been less than the width 
of the lode. In the large majority of examples the “ heave ’’ or M throw M of the lode has 
been very considerable. It is usual to speak of a fault as if the fissure had actually moved 
the lode. It should be understood that an actual movement of great masses of the solid 
earth is implied, and consequently, the lode having been formed before the movement, it 
is moved with the rock in which it is enclosed. Fig. 738 is the plan of veins 1, 2, 3, 4, 
and an Elvan coarse a a, which have been dislocated along the line b, c, and all the 
lodes and the Elvan course moved. In this cose the movement has probably taken place 
from the North towards the South. This disturbance will be continued to a great 
depth, and in Jig. 737 is a section showing the dislocation of a lode into three parts. Ip 

736 737 



this case the movement has probably been the subsidence of that portion of the ground 
containing the lode b, and the further subsidence of that, portion containing the lode 
a ; the condition of the surface being subsequently altered by denudation. The in- 
clination of a lode is frequently changed by these movements, thus.////. 739 supposes cd 
to represent tjje original condition of the lode by a convulsion, the portion a b lias 
fallen away leaving a chasm between, and the M dip ” or inclination of the lode is 
therefore materially changed. The direction of the lode is frequently altered by 
these movements. Many lode»in Cornwall have a direction from the N. of E. to the 
8. of W. up to a firalt, on the other side of which the direction is changed from the S. 
of E. to the NT of W. Where these disturbances are of frequent occurrence, the diffi- 
culties of moling aijp greatly increased. 

The dislocations and obstructions found in coal-fields, which render the seaibh for 
coal so difficult, and their mining so laborious and uncertain, are the following: — 

1. Dikes. 2. Slip* or Faults. 3. Hitches. 4. Troubles. . 

The first three, infer dislocation of the strata ; the fourth, changes m the bed of coal 
itself! • 
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1. a A 4ihe is a vail of extraneous matter, which divides rll the beds in a coal-field. 

Dikes extend not only in one line of bearingpth rough coal-fields for many miles, bnt 

run sometimes in different directions, and have often irregular bendings, but no sharp 
angular turns. When from a few feet to a few fathoms in thickness, they occur some- 
times in numbers within a small area of a coal basin, running in various directions, 
and even crossing each other. Fig. 740, represents a ground plan of a coal-field, 
intersected w'h greenstone dikes, a b 
and c d are two dikes standing parallel 
to each other ; k f and o H are cross 
or oblique dikes, which divide both 
the coal strata and the primary dikes 
a b and c d. 

2. Slips or faults run in straight 
lines through coal-measures, and at 
tfvery angle of 'incidence to each other. 

Fig. 741 represents a ground plan of 
a coal-field, with two slips a b and c d, 
the line of bearing of the planes of the 
strata, which threw thedi down to the 
outcrop. This is the simplest form of 
a slip. Fig . 742, exhibits part of a B 
coal-field intersected witb slips, like a 
cracked sheet of ice. Here a b is a D 
dike; while the narrow lines show 
faults of every kind, producing dislo- 
cations varying in amount of slip from dip. 

a few to a great many fathoms. The faults at the points a, a, a vanish ; and the 
lines at c denote four small partial slips called hitches . 

The effects of slips and dikes on the coal strata appear more prominently when 
viewed in £ vertical section, than in a ground plan, where they seem to be merely 
walls, veins, or lines of demarcation. Fig . 743 is a vertical section of a coal-field. 
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from dip to rise, showing three strata of coal a, h t c. a b represents a dike at right 
angles to the plane of the coal-beds. This rectangular wall merely separates the coal- 
measures, affecting their line of rise ; but further to the rise, the oblique dike c d in- 
terrupts the coals a, 6, c, and not only disjoins them, but has produced a movement 
which has thrown them and their concomitant strata greatly lower down ; but still, 
with this depression, the strata retain their parallelism and general slope. Nearer to 
the outcrop, another dike, x r, interrupts the coals a 9 b , c, not merely breaking the 
continuity of the planes, hut throwing them moderately up, so as to produce a steeper 
inclination, as shown in the figure. It sometimes happens that the coals in the com- 
partment h, betwixt the dikes c and e, may lie nearly horizontal, and the effect of the 
dike e, f, is then to throw 

out the coals altogether, ^ ^ , 

leaving no vestige of them ‘ if— 7 
■in the compartment x. ' 

The effect of slips on jjr77#y > ^^ 
the strata is plso repre- / / // / 

sented in the vertical sec- ft Jin ^ 

tion 9 fig. 744, where a, d, c 
are coals with their asso- 
ciatett strata, a b is an 

intersecting slip, which fi t ft € J 

throws all the coals of the fi » ' — ■ 

first compartment much lower, as is observable in the second, No. 2 ; and from 
the amount <of the slip, it brings in other coal-seams, marked 1, 2, 8, not in the 
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compartment No. 4 !, c v, is a slip producing a similar resalt, bat not of the same 
magnitude ; E i represents a slip across the strata, reverse in direction to the former ; 
the effect of which is to throw up the coals, as shown in the area No. 4. Such 
a slip occasionally brings into play scams seated under those marked a, b, c, ns 
neon at 4 , 5 , 6 ; and it may happen that the coal marked 4 lies in the prolong- 
ation of a well-known seam, as r, in the compartment No. 3, when the case be- 
comes pooling to the miner. In addition to the above varieties, a nun^ber of slips or 
hitches are often seen near one another, as in the area marked No. 5, where the indi 
vidnal displacements are inconsiderable, but the aggregate dislocation may be great, 
in reference to the seams of the Gth compartment. 
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The results of dikes and slips on a 
horizontal portion of a field are exem- 
plified in Jig. 745. Where the coal- 
measures are horizontal, and the faults 
ran at a greater angle than 45° to tly? 
line of bearing, they are termed “dip ” 
and “rise” faults, as A b, c d, e f. The 
following Jig. 74 G, which is an accurate 
section of thC Moetyn coal-field, Flint- 
shire, will show the amount to which 
those disturbances are experienced. 
The letters mark with sufficient dis- 



tinctness the beds on either side of the 
faults. 

Coal viewers or engineers regard the 
dislocations now described as being sub- 
ject in one respect to a .general law, 
which may be thus explained: — Let 
fig . 747 be a portion of a coal- measure ; 
a, being the pavement and b tjie roof 
of the coal-seam. If, in pursuing the 
stratum at c, a dike i> occurs, standing at 
right angles with the pavement, they 
conclude that the dike is merely a partition-wall between the beds by its own thick- 
ness, leaving the coal-seam undisturbed on either side ; but if a dike r forms, us at e, 





266 


FEATHERS. 


on obtuse angle with the pavement, they conclude that* the difce is not a simple 
partition between the strata, but has thrown vy the several seams into the predica- 
ment shown at o. Finally, should a dike h make at i an acute angle with the pave* 
incut, they conclude that the dike has thrown down the coal measures into the posi- 
tion of k. ... 

Dikes and faults are denominated upthrow or downthrow, according to the position 
they are met with in working the mine. Thus in fig. 743, if the miner is advancing 
to the rise, the dike A n obviously does not change the direction ; but c I) is a down- 
throw dike of n certain number of fathoms towards the rise of the basin, and k v is an* 
upthrow dike likewise towards (he rise. On the other hand, when the dikes arc met 
with by tiie miner in working from the rise to the dip, the names of the aboye dikes 
would be reversed ; for what is on upthrow in the first cose, becomes a downthrow in 
the second, relative to the mining operations. 

3. We have seen that hitches ore small and partial slips, where the dislocation does 
ot exceed the thickness of the coal seam ; and they ore correctly enough called slept 
y the miners Fig. 748 repre- 
sents the operation of the hitches 
a, n, c, d, k, f, g, n, on the coal- 
measures. Though observed in 
one or two seams of a field, they 
may not appear in the rest, as is 
the case with dikes and faults. 

In the above description the 
language of the mine has been 
retained, hut in the case of the 
dike, as of the fault-proper, it is not that the dike has lifted the coal bed up or 
down, hut during the convulsive movements of the earth, when those trap dikes were 
being forced from below, great movements were produced on either side of the fissures, 
through which the molten matter ascended, and hence the alteration in the position of 
the beds, which wen* previously, perhaps, nearly in a horizontal plane, 

FKATHELIS. (P/i/wics, Fr.; JFeJern, Germ.) “The most beautiful, the most com- 
plex, and the most highly elaborated of all the coverings of animals, due to tlio de- 
velopment of the epidermal system, is the plumage of birds.” — Owen. 

A leather consists of the “ quill,'* the “ shaft,'* uud the “ vane.** The vane consists 
of “ barbs” and “ barbules.” 

The quill is pierced by a lower and an upper orifiw, and contains a series of light, 
dry, conical capsnles, fitted one upon another, and united together hy a central pedicle. 

The shaft is slightly bent, the concave side is divided into two surfaces by a middle 
longitudinal line continued from the upper orifice of the quill, the convex side is smooth. 
Doth sides are covered with a homy material similar to that of the quill, and they 
enclose a peculiar white, soft, elastic substance, calk'd the “pith” The barbs are 
altuched to the sides of the shaft. The barbules are given off from either side of the 
barbs, and are sometimes similarly barbed themselves, as may be seen in the barbuleB 
of the Jong feathers of the peacock’s tail. 

The barbules are commonly short and close set, and curved in contrary directions, 
so that two adjoining series of borlmles interlock together and form the mechanism 
by which the barbs arc compacted into the close and resisting vane of the quill, or 
“ feather,** properly so called. When the barbules are long and loose, they characterise 
that form of the feather which is projK'rly called a “ plume,” and such are the most 
valuable products of the plumage of birds in a commercial point of view, as c.g. the 
plumes of the ostrich. * 

The Down. — The lower barbs in every kind of feather are usually loose, forming 
the down, which is increased in most birds by what is called the “ accessory plume.” 
This is usually a soft downy tuft, but varies in diftereut species, and even in the 
feathers of different parts of the body of the same bird. The value of feathers for bed 
stuffing depends upon the proportion of loose soft down that enters into tV . ■ composi- 
tion ; and as the “accessory plume ” in the body Luthers of the swans, .geese, and 
ducks, is almost as long as the feather from which it springs, hence arises the com- 
mercial value of the feathers of those aqnatic birds. — Owen, 

The first covering of the young bird is a down. In moBt birds a certain portion of 
the down feathers is retained with the true feathers, and this proportion is usually 
greatest in the aquatic birds. « 

It is* most remarkable in tbe eider duck (Anas mdUissimi). “The down of the 
eider combines, with its peculiar softness, fineness, and lightness, so great a degree of 
elasticity that the quantity of this beautiful material which might be compressed and 
concealed between the two hands of a man, will serve to stuff the coverlet of u bed.* 1 
— Owen. 
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Feathers const iti^e the snbject of the manufacture of the Fhnnassier, , a name given 
to tho artisan who prepares the feathers of certain birds as ornaments for ladies and 
for military men, and to him also who combines the feathers in various forms. We 
shall content ourselves with describing the method of preparing ostrich feathers, as most 
others are prepared in the same way. 

Several qualities are distinguished in the feathers of the ostrich ; those of the male, 
in particular, are whiter and more beautiful. Those upon, the back and above the 
wings are preferred ; next those of the wings, and lastly, of the tail. *The down is 
merely the feathers of the other ports of the body, which vary in length from 4 to 14 
inches. This down is block in the males, and grey in the females. The finest white 
feathers of the female have always their ends a little greyish, which lessens their 
lustre, and lowers their price. These feathers are imported from Algiers, Tunis, 
Alexandria, Madagascar, and Senegal; this being the order of their value. 

The scouring process is thus performed : — 4 ounces of white soap, cut small, are 
dissolved in 4 pounds of water, moderately hot, in a large basin ; and the solution is 
made into a lather by beating with rods. Two bundles of the feathers, tied witS 
packthread, are then introduced, and ore rubbed well with the hands for five or six 
minutes. After this soaping they ore washed in clear water, as hot as the hand 
can hear. • 

The whitening or bleaching is performed by three successive operations. 

1. They are immersed in hot water mixed with Spanish white, and well agitated 
in it ; after which they are washed in three waters in succession. 

2. The feathers are axured in cold water containing a little indigo tied up in a fine 
cloth. They should he passed quickly through this bath. 

A. They are sulphured in the same way as straw huts are (see Sui.rnuiuxc) ; they 
are then dried by hanging upon cords, when they must he well shaken from time to 
time to open the fibres. 

The rilra are scraped with a hit of glass cut circularly, in order to render them very 
pliant, lly drawing the edge of a blunt knife over the filaments they assume the 
curly form so much admired. « 

Those feathers which are of a dingy colour are dyed black. For 20 pounds of 
feathers, a strong dccoctioti is made of 25 pounds of logwood in a proper quantity of 
water. After l>oiliug it for 6 hours, the logwood is taken out, .‘1 pounds of coppcru« 
are thrown in ; and, after continuing the ebullition for 15 or 20 minutes, tlic copper 
is taken from the fire. The feathers arc then immersed by handfuls, thoroughly 
soaked, and worked about ; and left in two or three days. They are next cleansed in 
a very weak alkaline lye, and soaped three several times. When they feel very soft 
to the touch, they must be rinsed in eold water, and afterwards dried. White feathers 
are very difficult to dye a fine black. 

For dyeing other colours, the feathers should bo previously well bleached by Il»e 
action of the sun and the dew ; the end of the tube being cut sharp like a toothpick, 
and the feathers being planted singly in the grass. After fifteen days* exposure, they 
are cleared with soap as above described. 

Ki&e colour or pink, is given by safflower and lemon juice. 

Deep red 9 by a boiling hot bath of Rrnzil wood, aftcr'aluming. 

Crimson. The above deep red feathers are passed through a bath of cudbear. 

Prune dc Monsieur . The deep red is passed through an alkaline bath. 

Dines of every shade , are dyed with the indigo vat 

Yellow ; after aluming, with a bath of turmeric or weld. 

Other tints may be obtained by a mixture of the above dyes. 

Feathers supply us with a soft elastic down on %hich we can repose our wearied 
frames, and enjoy sweet slumbers. Such are called bed feathers. 

Goose feathers are most esteemed. There is a prejudice that they are best when 
plucked from the living bird, which is done tliricc a year, in spring, midsummer, and 
the beginning of harvest. Tho qualities sought for in bed feathers are softness, 
elasticity, ligtyness, and warmth. Their only preparation when cleanly gathered are 
a slight beating to clear away the loose matter, but for this purpose they must be first 
well dried either by the sun or stove. Storing or hot air being also necessary to 
remove any animal matter liable to putrefy. 

The featheTj of the eider duck. Anas moHissima , called eider down, possess in a 
superior degree all the good qualities of goose down. It is used only as a covering to 
beds, and nerer shqjild be slept upon, as it thereby loses its elasticity. 

Quills for writing. These consist usually of the feathers plucked out of tlicNrings 
of geese. Dutch quills have lwcn highly esteemed, as the Dutch were the first who 
hit upon the art of preparing them well, by clearing them both inside and outside from 
a fatty humour with which they are naturally impregnated, and which prevents the 
ink from flowing freely along the pens made with them. The Dutch for a long time 
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employed hot cinders or ashes to attorn this end ; and their secre* was preserved very 
carefully, but it at length transpired, and the process was then improved. A bath of 
very fine sand mnst be kept constantly at a suitable temperature, which is about 140° 
F. ; into this the quill end of the feather must be plunged, and left in it a few instants. 
On taking the feathers out they must be strongly rubbed with a piece of flannel, after 
which they are found to be white and transparent Both carbonate of potash in eolation 
and dilute sulphuric acid have been tried to effect the same end, but without success. 
The yellow^nt which gives quills the air of age, is produced by dipping them for a 
short time in dilute muriatic acid, and then making them perfectly dry. But this 
process must be preceded by the sand bath operation. 

Quills are dressed by the London dealers in two ways ; by the one, they remain of 
their natural colour ; by the other, they acquire a yellow tint The former is called 
the Dutch method, and the principal workman is called a Dutcher. He sits before a 
small stove fire, into which he thrusts the barrel of the quill for about a second, then 
lays its root quickly below his blunt-edged knife, called a hook, and, pressing this 
Ifirmly with the left hand, draws the quill briskly through with his right The bed on 
which the quill is laid to receive this pressure is called the plate. A skilful workman 
can pass 2,000 quills through his hands in a day of ten hours. They arc next cleansed 
by being scrubbed by a .woman with a piece of rough dog-fish skin, and then tied up 
in bundles. 

In the goose’s wing, the five exterior feathers only are valuable for writing ; the 
first is the hardest and roundest of all, bnt the shortest ; the next two are the best of 
the five. The heaviest quills are generally the best. Our imports in 1864 were : — 


From Russia - 

Feathers fur Beds. 

PWti. 

- 1,919 

valup. 

£18,807 

Hamburg 

- 

- 3,695 

31,038 

France - 

.... 

- 2,609 

21,916 

Other parts 

. 

563 

4,727 

Ostrich Feathers, White 

Total - 

- 8,786 

lbs. 

- 16,192 

£76,488 

VftlllP. 

£113,480 

„ „ Black 

. 

- 26,643 

80,583 

Feathers of other sorts 

- 

- 24,186 

11,485 


FEATHER ALUM, sometimes Hair-Salt A hydrous sulphate of alumina, 
resulting from volcanic action, and from the decomposition of iron pyrites, especially 
in the coal measure shale. 

FEATHER ORE. Flumosite . Jhteromarjihiit. A sulphuret of antimony and 
lead. Its composition beii\g sulphur 19*2, antimony 3 1 >0, lead 49*8. It is sometimes 
found in capillary forms and like a cobweb, but it is also found massive. 

FECULA ( Fecule , Fr. ; Starkemehl , Germ.) sometimes signifies corn flour, some- 
times starch, from whatever source obtained ; and it is also applied to chlorophyll, 
the green matter of plants. The term is applied to any pulverulent matter obtained 
from plants by simply breaking down the texture, washing with water, and sub- 
sidence. 

FEEDER, a mining term. A small lateral lode falling into the main lode or 
mineral vein. 

FELL. The hide of an animal. 

FELL-MONGER. The Liusiftcss of the fcllmonger is to separate the wool from 
the skin. The wool is sold to the wool- stapler, and the stripped skins sent to the leather 
dressers or parchment makers. 

FELSPAR. or FELDSPAR ( Feldspath, Fr. and Germ.) Under the name of 
felspar, the mineralogist associates a number of important rock-forming minerals, 
which, from the many characters that they possess in common, vei ’^formerly con- 
founded together, and are with difficulty distinguished from one another by mere 
inspection ; but which, nevertheless, are sufficiently distinct, both in chemical com- 
position, and in crystalline form, to admit of division into several well-defined 
species. The felspars are, in all cases, anhydrous double silicates, consisting of a 
silicate of alumina, combined with a silicate of a protoxide which ‘may be either 
potash, soda, lithia, or lime ; but as these oxides are capab T e of mutually replacing 
each*other, it commonly happens that two or even more of them coexist in the same 
species. In all the members of the felspar group, there exists the simple relation 
of one equivalent of the sesquioxide, alumina, to one equivalent of the protoxide 
base or bases $ but the proportion of silica varies considerably in the different species, 
and affects dheir density to a notable extent The amount of silica also bears a 
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definite relation toihe geological character of the rock in which the felspar occurs, 
and to the minerals with which it is associated ; the highly silicatcd species, as 
orthoclase, albite, and oligoclase, occurring in granites, trachytes, &c. ; whilst the 
less silicated felspars, as labradorite, are oonfined to basalts, certain lavas, and 
other basic rocks. 

Exposed to a high temperature, the felspars fuse, with greater or less difficulty, 
to a vitreouB enamel possessing considerable hardness, a property which has led to 
their use in glazing porcelain. All the felspars are sufficiently hard to scratch glass, 
but are themselves scratched by quartz ; and this hardness, combined with their 
crystalline form, often serves to distinguish them from other minerals. Their specific 
gravity varies from about 2*5 in orthoclase to upwards of 27 in labradorite ; and by 
its constancy in the different species, becomes a useful characteristic. The lustre is 
commonly vitreous, passing into pearly on the more perfect cleavage-planes ; whilst 
certain of the rarer varieties enjoy peculiar opalescent and iridescent properties, of 
which the jeweller takes advantage, to a limited extent With the exception of 
labradorite, all the felspars are unacted upon by acids. • 

The principal economic value of the felspathic minerals depends on their applica- 
tion to porcelain manufacture ; partly as a constituent of the paste itself, but chiefly 
as a glaze (See Pottkky.) From the decomposition of the felspar in certain granites, 
the well-known kaolin, or China clay, is commonly suppolbd to result (see Porce- 
lain Clay.) The felspathic minerals are also employed as manures, the alkalis 
present rendering them especially valuable. (See Manures, Artificial.) 

According to the nature of their basic constituents, the felspars admit of classifica- 
tion into five groups, viz.: — 

I. Potash-felspar (often containing soda) ; orthoclase or ramm*n felspar; ai d 
sanidine , or glassy felspar. 

II. Soda-felspar (often containing potash); albite , and oligoclase , or so<ln- 
spodumene. 

III. Soda- lime-felspar (often containing potash) ; labradorite, or Iabrador-f l spur ; 
and andcsinc. 

IV. Lime-felspar ; anortlu/e. 

V. Lithia-fclspar ; pc tali te. 

I. Orthoclase (Orthose, Fr.; O. thuhlas. Germ. ; Orfusa, Ttul.) This is the most 
ordinary species, and that which in popular language is called simply “felspar.” It 
occurs as a colourless, grey, or flesh-red mineral, crystallising in oblique rhombic 
prisms, frequently presenting the peculiar combined forms called twin-cn < *‘als. 
Orthoclase is a potash-felspar, of which the following is an analysis from the Baveno 
granite: silica, 6572; alumina, 18*57; potash, 14*02; soda, 1*25; lime, 0*84; 
magnesia, 0*10 j= 100 ( Abich ). This mineral is an important constituent of granite, 
fpieiss, syenite, pegmatite, fclstonc, and trachyte : of granite it ordinarily composes 
from 40 to 45 per cent. The species orthoclase has been subdivided into a great 
number of varieties, frequently founded on very insufficient grounds. The purest 
and most transparent varieties are distinguished as adularia ; and when exhibiting a 
fain* bluish opalescence are used in jewellery under the name Moon-stone, which see. 
Other opalescent varieties are the inicrne.linr, from the zircon-syenite of Norway; 
and the murchistmUe from Dawlish, and from lleavitree, near Exeter, — a mineral 
named after the distinguished geologist and founder of the Silurian Bystem — Sir 
R. Murchison. A bright green orthoclase, coloured by a trace of oxide of copper, 
occurs near Lake Ilmen, in Siberia, and is employed for ornamental purposes under 
the name of amazon-stone, from having been first found in the River Amazon. Erylh- 
ritc is a flesh-coloured felspar, from Kilpatrick, containing 3 per cent of magnesia ; 
whilst the felspar called hyaluphane is notable for containing a large percentage of 
baryta. Loxoclase , chesterlite , and perlhitc , are three American varieties of ortho- 
clase ; whilst valcncianite is the name given to a Mcx:?an adularia. 

Sanidine, or glassy felspar , is a transparent potash- soda- felspar, regarded often as 
a distinct species. It occurs in tabular, vitreous crystals, embedded in trachyte, 
and other vblcanic rocks ; and jnuch resembles the artificial felspar obtained in 
certain metallurgical operations. * The well known glassy felspar from the Drachen- 
fels consists of silica, 66*6; alumina, 18 5 ; potash, 8*0; soda, 4*0; lime, 1*0 ; per- 
oxide of iron, 0*6 ;«987 ( Beithier ). lViyucolite is a name proposed by Rose for a 
Vcsuviun vafiety of glassy felspar, which appears, however, to be only a mixture of 
felspar and nephelinc. The transparent felspars occurring in the lavas of Vesuvius, 
are sometifces terfted ice-sjtar. • 

II. Albite, or Clea velandite — known also as pericline and tetartine — is a soda- 
felspar first described by O. Rose. It consists of silica, 68*75; alumina, 18*79; 
■oda, 10*90; potash, 1*21 ; lime, 0*51 ; magnesia, 0*09 ; peroxide of iron, 0*54 
100*79 ( Weiss.') Albite differs from orthoclase in the form of its crystals, which 
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are much less symmetrical, and belong to on essentially distinct system. It is 
frequently a constituent of granite, and, more frequently than common felspar, of 
syenite and greenstone ; but it often occurs 'associated with the latter in the same 
granite, when it may be distinguished by its greater whiteness and translucency. 
Feristerite is a Canadian albite, remarkable for the beauty of its opalescence. 

Ougoclase, or soda-spodumene, is composed of silica, 62*54 ; alumina, 22*49 ; 
soda, 7*84 ; potash, 4*54; lime, 2*18 ; magnesia, 0*41 ; = 100 ( Deville .) This is an 
analysis of the mineral from Teneriffe, where it occurs in trachyte ; but it is found 
also in granite, syenite, serpentine, and basalt. The name sun-stone, occasionally 
applied to certain varieties of orthoclase, is properly restricted to a Norwegian 
oligoclase, presenting an aventurine appearance, which has been referred to the 
presence of minute crystals of either specular iron, or magnetic pyrites. 

III. Labbadokite, or Labrador felspar , is a soda-lime-felspar, consisting of silica, 
5575 ; alumina, 26*50 ; lime, 1 1*0 ; soda, 4*0 ; peroxide of iron, 1*25 $ water, 0*50 ; 
«=99 (. Klaproth ). This beautiful mineral was first observed by the Moravian 

‘missionaries, on the shores of St Paul’s Isle, off the coast of Labrador, where it occurs 
associated with hypersthene, hornblende, and magnetic iron-ore. It forms a common 
constituent of most basalts and melaphyres, and occurs also in many recent lavas, as 
well as in certain meteoric stones. 

Prom the beautiful 'chatoyant reflections which this mineral exhibits when 
polished, it is highly valued for purposes of ornament The parts exhibiting the 
play of colours are disposed in irregular spots and patches, and the same spot, held 
in different positions, displays various tints. The cause of this play of colours has 
not been satisfactorily determined, but it is commonly supposed to proceed either 
from minute internal fissures in the stone, or from microscopic embedded crystals, 
regarded variously as quarts, specular iron ore, and magnetic py rites. 

llelessc has applied the name of Vosgite to a French labradonte, rendered hydrous 
by partial alteration. 

Anoksixk is a felspar occurring in the trachyte of the Andes — called by Von 
Buell, andesite — and also in the Vosges and elsewhere. Its composition is silica, 
; alumina. 25*01; soda, 774 ; lime, 6*87; potash, 0*84; magnesia, 0*14; ** 
100*86 (Ilammelsherg). 

IV. Anokthite, a lime-felspar composed of silica, 43*96 ; alumina, 35*30 ; lime, 
18*98; soda, 0*47; magnesia, 0*45 ; potash, 0*39; peroxide of iron, 0*63 ( Abich .) 
It occurs in the ejected limestone-blocks on Monte Soninia ; and has been found 
also in the island of Procida, in the Bay of Naples ; and in the syenite of Carling- 
furd, in Ireland. 

AmpliOilclilc is a Scandinavian anorfhito, whilst Thiorsavrite is an Icelandic variety. 
Jlarsmcite and liytownitc are two closely allied minerals ; the former from .Siberia, 
and the latter from Canada. In the species called Danhurite — a mineral frequently 
classed with the lime-felspars — a large proportion of the silica is replaced by the 
analogous compound, boracic acid. 

V. Petalitk is remarkable os the mineral in which Arfvcdson, in 1818, first 
discovered the earth lithia. It consists of silica, 77*79 ; alumina, 18*58 ; lithi$, 3*3; 
soda, 1*19 ;» 100*86 ( llammelsberg ). Pctalite is a white mineral, frequently with a 
reddish tinge, and presenting a glistening or pearly lustre. Heated before the blow- 
pipe, it exhibits the characteristic crimson colour of litliia-conipouuds. The only 
known European locality is the iron mine of I Mo, an island 35 miles S.E. of Stock- 
holm. It has been found also in the United States, and in Upper Cuuada, near 
York, on Lake Ontario. 

FELSPATHIC. Of or belonging to felspar. 

FELSPATHIC ROCKS {lioc/us fvhhjmthiques, Fr. ; Fehls/tathgcsfcine, Germ.) 
Rocks in which felspar forms an essential and frequently the principal constituent 
Felstone , fehiie , or cumcan, is a rock consisting almost exclusively of a compact 
orthoclase, associated with a small amount of free silica, and mnch resembling in its 
general characters certain forms of quartz, whence it Iiuh unfortunately been termed 
fwlrosilez. From all varieties of quartz, it may however be readily dicing risked by 
its fusibility, and hence it was called by WeAier fusible luma tone. A felstone 
occurring with the magnetic iron-ore of Danncmora retains its Swedish name of 
Jfalbjlinta ; and the hiilite of l)r. Clarke appears to be a very similar rock. The 
name of adiwdc has been applied by Pendant to a rock closely related fcj felstone, hut 
consisting of compact al bite-felspar. When distinct felspar-crystals are developed in 
a compact base of felstone, the rock heroines a felspar-porphyry $ and when these are 
accompanied by quartz it forms a quartz if erom-ytorphyry or elvunitc. Of these rocks, 
formed of mixtures of felspar and quartz, several varieties are recognised ; such as 
eurite, aplite , granulite , and leptipiitc. Pegmatite is a very similar rock, often known as 
graphic granite from the peculiar disposition of the quartz -crystals in the felspar- base. 
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Such a rock may^be termed a binary granite ; since it requires only the addition of 
some micaceons mineral to convert it into a true granite. The granitic rocks have 
been divided into numerous varietiesTounded either on peculiarities of texture, such 
as gneiss, which is commonly regarded as a schistose granite ; or on variations in 
composition, arising generally from the presence of certain accessory minerals : thus, 
the beresite from Bcrsof in the Ural Mountains, is a granite containing iron-pyrites. 
In certain granitic rocks, the mica is replaced by other minerals giving rise to several 
distinct varieties : in the Cornish luxuuianitc , for example, it is replaced by schorl, 
and in tho so-called protogine of the Alps by talc ; whilst in syenite its place is 
supplied by hornblende. In the zircon-syenite of Norway, sircon occurs as on 
accessory constituent ; and to this rock the Siberian miascite is closely related. On 
the disappearance of the quartz in syenite, a rock is obtained consisting of felspar and 
hornblende, and commonly termed greenstone ; of which rock diorite , aphanitc, timazite , 
and amphibolite , may be mentioned as varieties. A singular concretionary greenstone 
from the Island of Corsica is known as Napoleonite or orbicular diorite, and sometimes 
very improperly as Corsican granite . • 

The rocks passing under the names of basalt , dolerite , anamesife , and mclaphyre , all 
bear a greater or less resemblance to greenstone, but are distinguished by containing 
the more basic felspar, labradorite, associated always witib augitc, and often with 
various other minerals, such as olivine, magnetic iron-ore, &c. Many of these rocks 
are united under the general name of trap. 

Another series of felspathic rocks is formed by those volcanic products of which 
trachyte is the type. This rock consists almost exclusively of felspar, and often 
becomes porphyritic by the presence of crystals of sauidine. Among the varieties of 
trachyte may be noticed the andesite of the Andes, and the domi/e of the Puy-de- 
Dome. Rhyolite is a highly silicated trachytic rock. A compact fissile rock allied to 
trachyte is termed phonotite or clinkstone , in allusion to the ringing sound which it 
emits on being struck. 

When trachytic rocks have been completely fused they pass into a vitrified condition, 
forming a variety of obsidian or volcanic glass.' A capillary form of obsidian from ihe 
Sandwich Islands is known as Pete's hair . When obsidian loses its vitreous texture 
it passes into pitchslone ; and when presenting a concretionary structure it is termed 
pearlstmie. Pumice is simply a cellular or fibrous form of felspathic lava. 

Special descriptions of the rocks that are of any practical importance will be found 
under their respective headings. 

FELT. (. Fcutrc , Fr. ; Fils, Germ.) A material formed by working into a sheet, 
wool or hair, upon the principle of their matting together. 

FELTING ( Feutrage , Fr. ; Filzcn, Germ.) is the process by which loose flocks 
of wool, and hairs of various animals, as the beaver, rabbit, bare, &c., are mutually 
interlaced into a compact textile fabric. The first step towards making felt is to mix, 
in the proper proportions, the different kinds of fibres intended to form the stuff; and 
then, by the vibratory strokes of the bowstring, to toss them np in the air, and to 
cause them to fall as irregularly as possible, upon the table, opened, spread, and 
scattered. The workman covers this layer of loose flocks with a piece of thick 
blanket stuff slightly moistened; he presses it with his hands, moving the hairs 
backwards and forwards in all directions. Thus the different fibres get interlaced, by 
their ends pursuing ever tortuous paths ; their vermicular motion being always, how- 
ever, root foremost. As the matting gets denser, the hand pressure should be in- 
creased, in order to overcome the increasing resistance to the decussation. 

A first thin sheet of soft spongy felt being now formed, a second is condensed upon 
it in like manner, and then a third, till the requisite strength and thickness be ob- 
tained. These different pieces are successively brought together, disposed in a way 
Bnitable to the wiBhed-for article, and united by continued dexterous pressure. The 
felt must be next subjected to the fulling mill. See IIat Manufacture, and 
Kamptutjcon. 

FENKS. The refuse of whale blubber. It is used as a manure, and has been 
employed in fhe manufacture of Prussian blue. 

FENNEL. The Anethwm Famwulum , a plant yielding an aromatic oil. The leaves 
are used for making sauce, the seeds are carminative. 

FENUGREEK. The Trigonella Fccnum- Gretcvm, an herb cultivated throughout 
Greece and the East as an article of food. The seeds, which alone are used, are 
eaten both boiled and raw, mixed with honey. Tho TriyonrJ/a Ctrndca is a native 
of Switacrliftid andfBohemia. The flowers arc of a delicate blue colour, and have an 
odour like that of Balsam of Peru. This odour increases by drying, and the Italian 
perfumers use it extensively. The Swiss use it to -flavour some of their cheeses. 

FER AC1KRKUX. Steely iron produced by the Catalan process. See Iron. 

FERMENT (Eng. and Fr. ; Hrfe, Germ.) is the substance which^ when added 
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in a small quantity to vegetable or animal fluids, tends to excite those intestine motions, 
or changes, which accompany fermentation. It seems to be thenftult of an alteration 
which vegetable albumen and gluten undergo Srith contact of air amidst a fermenting 
mass. The precipitates or lees which fall down, when fermentation is finished, consist 
of a mixture of the fermenting principle with the insoluble matters contained in the 
fermented liquor, some of which, like hordeine, existed in the worts, and others arc 
probably generated at the time. 

To prepare a pure ferment, or at least a compound rich in that principle, the pre- 
cipitate separated during the fermentation of a clear infusion of malt, commonly called 
yeast or barm, is made use of. This pasty matter must be washed in cold distilled 
water, drained and squeesed between the folds of blotting paper. By this treatment 
it becomes a pulverulent mass, composed of small transparent grains, yellowish grey 
when viewed in the compound microscope. It contains much water, and is therefore 
soft, like moist gluten and albumen. When dried it becomes, like these bodies, 
translucid, yellowish brown, horny, hard, and brittle. In the soft humid state it is 
insipid, inodorous, insoluble in water and alcohol. If in this state the ferment be 
left to itself, at a temperature of from G0° to 70° F., but not in too dry a situation, it 
putrefies with the same phenomena as vegetable gluten and albumen, and leaves, like 
them, a residuum resembling old cheese. See Fermentation and Yeast. 

FERMENT OILS, v olatile oils produced by the fermentation of plants, and not 
originally contained in them. These were the quinteseences of the alchemists. In 
most cases they are obtained by placing the leaves of the flowering plant in water, 
and allowing them to ferment After which the liquid is distilled, and the ferment 
oil usually separated by means of ether. The following ferment oils are de- 
scribed in Watts' “ Dictionary of Chemistry." 

Ferment oil of Charophyllum sylvestre. Wild Chervil. Common parley. 

„ Chelidonium nut jits. The larger celandine. 

„ Cvnium macula turn. Common hemlock. 

„ Erythraa ccntuarium. Little centuary. 

„ Echium r ulgare. Vipers' bugloss. 

„ Erica vulgaris . Common heath. 

, f Mttrrubium vu/yare. White horehouml. 

„ Achillea millefolium . Common yarrow. 

., Flantago. The plantuin. 

„ Qucrcus robur. Oak. 

tl Salic ptntandra. The willow. 

„ Salvia pratensis. Meadow sage. 

„ Trifolium fibrinum . The clover. 

„ Tussilagofarfara . Colt's foot 

„ Vitis viufera. The vine. 

„ Urtica urens. The nettle. 

„ Diseased apples. 

FERMENTATION. (Fermentation* Fr. ; Gdhrung, Germ.) A change which takes 
place, under the influences of air and moisture at a certain temperature, in the con- 
stituent particles of either vegetable or animal substances. This change is indi- 
cated by a sensible internal motion — the development of heat — the evolution of 
gaseous products. Fermentation may be divided into several kinds, as — 

Saccharine, Butyric, 

Acetic, Glyceric, 

Alcoholic or v inrvis, Lactic, 

Putrefactive, * Mucous. 


Of 'the latter examples but a brief notice is required. Mucous fermentation is esta- 
blished when the juice of the beetroot or carrot is kept at a temperature of 100° for 
some time, when a tumultuous decomposition takes place. All the sugar disappears, and 
the liquor is found to contain a large quantity of gam, and of monnite ' r ith lactic acid. 

Lactic Fermentation. — If a solution of one part of sugar in five pans of water bo 
made to ferment, by the addition of a small quantity of cheese or animal membrane, 
at a temperature of 90° or 100°, lactic acid is formed, which may be separated by 
adding a little chalk, the lactate of lime depositing in crystalline grains. In lactic 
fermentation mannite invariably is produced as a secondary product, tAe formation of 
which is not explained. It has been suggested that the foriratiqp of mminite is con- 
nected with the production of succinic acid, which Schmidt, in a letter to Liebig, states 
that he has found in fermenting liquids containing sugar. He suggests the following 
formula : — 


OTTO® + tflPO 4 - C'W'W 

Manukc. Succinic acid. Grape tugar. 



FERMENTATION. 


273 

Glyceric Fermcniytum. -When glycerine is mixed with yeast, and kept in a warn 
place for some weeks, it is decpnipos^ and converted into metacetonic acid. This 
fermentation resembles the last named. The glycerine, 0*11*0*, forming metacetonic 
acid, 0*11*0*, as sugar, 0*11*0*, does lactic acid, 0*11*0*, by loss of the elements of 
water. — Kane. 

Butyric Fermentation. — Jf the lactic fermentation is allowed to proceed beyond the 
point indicated for the formation of lactate of lime, the precipitate in pe£t redissolvcs 
with a very copious evolution of hydrogen gas, and carbonic acid, and the liquor 
contains bntyrate of lime. In this action two atoms of lactic acid, C ,I Jl I *0 ,a , 
produce butyric acid, C*Il 7 O s , carbonic ueid, and hydrogen gas. 

lhthref active Fermentation. See Putrefaction. 

The three first named kinds of fermentation demand a more especial attention from 
their importance as processes of manufacture. Under the heads respectively — Acetic 
Acid, Beer, Brewing, Distillation, Malt, and Wine, will be fonnd everything 
connected with the practical part of the subject ; wc have therefore only now to deal* 
with the chemical and physical phenomena which ore involved in the* remarkable 
changes which take place. When vegetable substances are in contact with air and 
moisture, they undergo a peculiar change ( decomposition ). Oxygen is absorbed and 
carbonic acid and water are given off, while there is a considerable development 
of beat This may take place with greater or less rapidity, and thus erewucauxiH, 
fermentation, or combustion may be the result ; the spontaneous ignition of hay (as 
an example) being the final action of this absorption of oxygen. 

Saccharine Fermentation. — If starch, C ,f ]l e O* + 2HO, be moistened with an infusion 
of pale malt, it is rapidly converted into dextrine, CJ'MI^O 10 , and hence into grape 
sugar, C | *H ,, 0 ,, j this is especially colled the saccharine fermentation, since sugar is 
the result. 

Acetic and Alcoholic Fermentation. — If sugar is dissolved in water, it will remain 
perfectly unaltered if the air is excluded ; but if exposed to the air, a gradual decom- 
position is brought about, and the solution becomes brown and sour. Oxygen has been 
absorbed, and acetic acid produced. If, however, the sugar is bronght into contact with 
any organic body which is in this state of change, the particles of the sugar participate 
in the process, carbonic acid is evolved, and alcohol produced. There are some sub- 
stances which arc more active than others in producing this change. Yeast is the most 
remarkable ; but blood, white of egg, glue, and flesh, if they have begun to putrefy, are 
capable of exciting fermentation ; vegetable albumen and gluten being, however, m.re 
active. Vegetable albumen, gluten, and legumin d iffor from most vegetable bodies in the 
large quantity of nitrogen which they contain. These substances exist in all fruits, and 
hence, when fruit is crushed, the sugar of the Juices in contact with the albumen or 
gluten being then exposed to the air, oxygen is rapidly absorbed, the nitrogenous body 
begins to putrefy, and the sugar passes into fermentative activity. The necessity for 
oxygen is at the commencement of the decomposition ; when the putrefaction of the 
albumen or gluten has onee began, it extends throughout the mass without re- 
quiring any further action of the air. These may be regarded as natural fer- 
ments." Yeast is an artificial one. This body will be more particularly described. 
See Yeast. 

To produce a vinous liquid, it is necessary that there shall be present sugar, or 
some body, as starch or gum capable of conversion into sugar, a certain portion of 
water, and some ferment— for all practical purposes yeast ; and the temperature should 
be steadily maintained at about 80° F. Both cane and grape sugar yield alcohol by 
fermentation, but Liebig considers that cane sugar, before it undergoes vinous fermen- 
tation, is converted into grape sugar by contact with the ferment ; and that, conse- 
quently, it is grape sugar alone which yields alcohol and carbouic acid. 

Grape sugar, as dried at 212°, contains exactly the elements of two atoms of 
alcohol and four of carbonic acid. As 2(C 4 H*0*) and 4CO* arise from C l, H w O !a . 

Cane sugar takes an atom of water to form grape sugar. It follows therefore that 
cane sugar shoi^d in fermentiug yield more than its own weight of carbonic acid 
and alcohol ; and it has been ascertained by experiment that 100 parts actually give 
104, whilst by theory 105 should be produced, consisting of 51*3 of carbonic acid, and 
537 of alcohol. — (Katie.) Dr. Pereira has given the following very intelligible 
arrangement to ^exhibit these changes: — 

MATKM^p. 9 COMPOSITION. 

1 equivalent of ^ f 4 eq. carbon W 

crystallised cane I 1 eq. of I 8 „ carbon 48 

sugar ... 171 > grape «! 8 „ oxygen M 

I equivalent of I sugar 180 I 4 „ oxygen 82 

water • . 9J 1 12 „ bydrog.12 

"iSO 180 180 180 


eq. carbonic 
acid • • .1 


eq. alcohol . 92 
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These facts will sufficiently prove that vinous or alcoholic fermentation is bnt a 
metamorphosis of sugar into alcohol and carbonic acid. 

Snch arc the generally received views. We find, however, some other views pro- 
mulgated which it is important to notice. , . 

Liebig calls putrefactive fermentation,-— every process of decomposition which, caused 
"by external influences in any part of an organic compound, proceeds through the 
entire mass e without the farther co-operation of the original cause. Fermentation , 
according to Liebig’s definition, is the decomposition exhibited in the presence of 
putrefying substances or ferments* by compounds nitrogenous ot non-nitrogenons, 
which alone arc not capable of putrefaction. He distinguishes, in both putrefaction 
and fermentation, processes in which the oxygen of the atmosphere continually co- 
operates, from such as are accomplished without farther access of atmospheric air. 

Liebig opposes the view which considers putrefaction and fermentation as the 
result of vital processes, the development of vegetable formations or of microscopic 
tanimals. He adduces that no trace of vegetal formations are perceptible in milk 
which is left for some time in vessels carefully tied over with blotting paper, not 
even after fermentation has regularly set in, a large quantity of lactic acid having 
been formed. He further remarks of fermentative processes, that alcoholic fermen- 
tation having been observed too exclusively, the phenomena have been generalised, 
while the explanation of this process ought to be derived rather from the study of 
fermentative phenomena of a more general character. 

Rlondeau propounds the view that every kind of fermentation is caused by the 
development of fangi. Blondeau states that alcoholic fermentation is due to a fungus 
which he designates Torvula cerevma ; whilst another, Penicillium glaucum, gives rise to 
lactic fermentation. Tho latter fermentation follows the former in a mixture of 
30 grin, of sugar, 10 grin, of yeast, and 200 c. c. of water, which has undergone 
alcoholic fermentation at a temperature of about 20°, being terminated in about two 
days. Beer yeast, when left in contact with water in a dark and moist place, contains, 
according to Blondeau, germs both of Torvula ccrevisia, and of Penicillium glaucum ; 
the former can be separated by a filter, and will induce alcoholic fermentations in 
sugar water, whilst the latter are extremely minute, and pass through the filter ; the 
filtrate, mixed with sugar water, gives rise to lactic fermentation. Acetic fermen- 
tation is due to the development of Torvula aceti ; sugar is converted into acetic acid, 
without evolution of gas, if 500 grm. dissolved in a litre of water, be mixed with 
200 grm. of casein, and confined in contact for a month at a temperature of about 20°. 
The conversion of nitrogenous BubBtanccs into fat (for instance, of casein, in the 
manufacture of Roquefort cheese ; of fibrin under similar circumstances), which 
Blondeau designated by the term fatty fermentation (fermentation adipeu&c ), is caused 
by PiniciUium glaucum or Torvula viridis ; and the former fungus is stated to act 
likewise in butyric and in urea-fermentation (conversion of the urea into a car- 
bonate of ammonia). 

Opposed to this view Schubert has published an investigation upon yeast In 
order to prove that the action of yeast is due merely to its porosity, he founds his 
investigation upon some experiments of Brendecke (particularly in reference to the 
statement that fermentation taking place in a solution of sugar in contact with porous 
bodies is due to an impurity of sugar); according to which various porous bodies, 
such as charcoal, paper, flowers of sulphur, &c., to which some bi tartrate of ammonia 
is added, are capable of inducing fermentation in a solution of raw sugar. His ob- 
servations are also based upon some experiments of his own, which seem to indicate 
that porous bodies, even wiOiou* the addition of a salt, arc capable of exciting fermen- 
tation in a solution of (pure ?) bane sugar. Whatever may be the means whereby 
alcoholic fermentation is induced, he states it to be indispensable that the body in 
question should be exposed for some tune to the influence of air, and that oxygen and 
carbonic acid arc absorbed by the ferment Both oxygen and carbonic acid, being 
electro-negative substances, stand in opposition to the i lectro- positive alcohol, and 
therefore predispose its formation, but only when they are highly • nndensed by the 
powerful surface attraction of the yeast, or ff any porous body.’ The electrical 
tension, he states, may be increased by many salts, provided that the latter do not at 
the same time chemically affect either the sugar or the ferment. 

C. Schmidt has communicated the results of his experiments to the Annale 
Chem . Pham, After stating numerous experiments, he continues: “ Nor arc fungi 
the prmum movent of saccharic fermentation ; the clear filtrate obtained by throwing 
almonds crashed in water upon a moist filter, soon induces fermentation in a solution 
of urea and of grape sugar ; in the latter case, no trace of ferment cells eon be dis- 
covered under the microscope, not even after fermentation is fally developed. If the 
solution, still containing sngar, is allowed to stand eight days or a fortnight after 
fermentation has ceased, an exuberant development of cellular aggregations is ob- 
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served, but no pqjrcfaction ensues; the fungi, well washed and introduced into a 
fresh solution of grape sugar, continue to grow luxuriantly, inducing, however, if at 
all, but very weak fermentation, which rapidly ceases ; hence the growth of fungi 
daring fermentative processes is but a secondary phenomenon. The increase of the 
residuary ferment, which occurs after yeast has been in contact with sugar, arises 
from a development of ferment cellulose, which probably takes place at the expense 
of the sugar. If muscle, gelatine, yeast, &c., in a very advanced state putrid de- 
composition be introduced into a solution of 1 sugar in 4 water, all phenomena of 
putrefaction disappear ; after a few hours, active fermentation sets in, ferment cells 
being formed, and the liquid contains alcohol, but no mannitc. The inactivity of 
crushed yeast is due, not to the destruction of the fungi, but to the chemical changes 
which arc induced in yeast during the considerable time necessary for complete com- 
minution. The crashed cells, introduced into sugar water, give rise to the produc- 
tion of lactic acid, without evolution of gas.” Schmidt is of opinion that fermentation 
is a process analogous to the formation of ether. lie believes that one of the con* 
stituents of yeast, together with the elements of grape Rugar, gives rise to the forma- 
tion of one or several compounds, which are decomposed in static nascenti (like 
eulpho-vinic acid), splitting into alcohol and carbonic acid. 

We believe that the preceding paragraphs fairly represent the views which have been 
promulgated upon the phenomena of change, which are in many respects analogous 
to those of combustion and of vitality, presented in the fermentative processes. 
Much has been done, but there are still some points which demand the careful at- 
tention of the chemist 

In a practical point ‘of view, the question which arises from the alteration in the 
specific gravity of the fluid by fermentation is a very important one, a knowledge 
of the original gravity of beer being required to fix the drawback allowed u{>on 
beer when exported, according to the terms of 10 Viet c. 5 By this act a drawback 
is granted of 5s. per barrel of thirty-six gallons, upon 1>ecr exported, of which “ the 
worts used before fermentation were not of less specific gravity than 1*054, and not 
greater specific gravity than 1*081,” and a drawback of 7s. 6d per barrel upon beer 
of which “ the worts used before fermentation were not of less specific gravity than 
1*081.” The brewer observes the original gravity of liis worts by means of some 
form of the hydrometer, and preserves a record of his observation. The revenue 
officer has only the beer, from which he has to infer the original gravity. From 
the great uncertainty which appeared to attend this question. Professors (ha- 
hum, Hofmann, and Redwood were employed by the Board of Inland Revenue to 
discover how the original gravity of the beer mgiht be ascertained most accurately 
from the properties or the beer itself. When worts are fermented, the sugar passes 
into alcohol, and they lose in density, and assume as beer a different specific gravity 
The gravity of the wort is called the original gravity — that of the beer, beer gravity. 
The report of Graham, Hofmann, and Redwood, upon “ original gravities,” may be 
supposed to be in the hands of every brewer ; but as some of the points examined 
materially explain many of the phenomena of vinous fermentation, wc have trans- 
ferred h few paragraphs to our pages : — 

“ As the alcohol of the beer is derived from the decomposition of saccharine 
matter only, and represents approximately double its weight of starch sugar, a 
speculative original gravity might be obtained by simply increasing the extract 
gravity of the beer by lhat of the quantity of starch sugar known to be decomposed 
in the fermentation. The inquiry would then reduce itself to the best means of ascer- 
taining the two experimental data, namely, the extract gravity and the proportion of 
alcohol in the beer, particularly of the latter. It wotld he required to decide whether 
the alcohol should be determined from the gravity of the spirits distilled from the 
beer ; by the increased gravity of the beer when its alcohol is evaporated off ; by the 
boiling point of the bar, which is lower the larger the proportion of alcohol 
preseut ; or by the refracting power of the beer upon light — various methods re- 
commended foigthc valuation of the spirits in beer. 

“ Original gravities so deduced, bnwever, are found to be useless, being in error 
and always under the truth, to an extent which has not hitherto been ut all acconnted 
for. The theory of brewing, upon a close examination of the process, proves to be 
less simple than is implied in the preceding assumption; and other changes appear to 
occur in worts, simultaneously with Che formation of alcohol, which would require to 
be allowed fog beforg original gravities could be rightly estimated. It was found 
necessary to study the gravity in solution of each by itself, of the principal chemical 
substiinces which are found in fermented liquids-^ These individual gravities defined 
the possible range of variation in original gravity, and they brought out clearly for 
the first time the nature of the agencies which chiefly affect the result 

“ The use of cone sugar is now permitted in breweries, and the solution of sugar 
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may be studied first as the wort of simplest composition. The tables of the specific 
gravity of sugar solutions, constructed by Mr.^Batc, have been verified, and are con- 
sidered entirely trustworthy. The numbers in the first and third columns of Tabic 1., 
which follows, are however, from new observations. It is to be remarked that these 
numbers have all reference to weights, and not to measures. A solution of cane 
sugar, which contains 25 grains of sngor in 1OQ0 grains of the fluid, has a specific 
gravity of 10J0 a l, referred to the gravity of pure water taken as 1000 ; a solution of 
f>0 grains of cane sugar in 1000 grains of the fluid, a specific gravity of 1020*2, and 
so on. The proportion of carbon contained in the sugar is expressed in the second 
column; the numbers being obtained from the calculation that 171 partB by weight 
of cane sugar (C ,a II M 0 M ) consist of 72 parts of carbon, 11 parts of hydrogen, and 
88 parts of oxygen ; or of 72 parts of carbon combined with 99 parts of the elements 
of water. It is useful to keep thus in view the proportion of carbon in sugar so- 
lutions, as that element is not involved in several of the changes which precede or 
accompany the principal change which sngur undergoes during fermentation, and 
which changes only affect the proportion of the oxygen and hydrogen, or elements of 
water, combined with the carbon. The proportion of oxygen and hydrogen in the 
altered sugar increases or diminishes during the changes referred to ; but the carbon 
remains constant, and affords, therefore, a fixed term in the comparison of different 
solutions. 

Table I. — Specific gravity of solutions of Cane-sugar in water. 


Cano Sugar, In 1000 parts 
by weight. 


Carbon in 1000 parts 
by weight. 


Specific Gravity. 



“ ^ ben yeast is added to the solution of cane sugar in water, or to any other sac- 
charine solution, and fermentation commenced, the specific gravity is observed to 
fall, owing to the escape of carbonic acid pis, and the formation of alcohol, which 
is specifically lighter than water; 171 grains of sugar, together with 9 grains of 
watei\ being converted into 92 grains of alcohol and 88 grains of carbonic acid 
(C^H^O + J0=2C 4 H«0 8 + 4CO a ). But if the process of fermentation be closely 
watched, the fall of gravity in cone sugar will he found to be preceded by a decided 
increase of gravity. Solutions were observed to rise from 1055 to 1058, or 3 degrees 
of gravity, within an hour after the addition of the yeast, the last being in the usual 
proportion for fermentation. When the yeast was mixed in minute quantity only, 
such as Jim, of the weight of the sugar, the gravity of the sugar solution rose gradually 
in four days from 1055 to 1057*91, or also nearly 3 degrees ; with no appearance, at 
the same time, of fermentation or of any other change in the solution. This remark- 
able increase of density is owing to an alteration which takes place in the constitution 
of the cane sugar, which combii- s 1th the elements of water and becomes starch 
sugar, a change winch had been ulrcady proved by H. Rose and by Dulirunfauf to 
precede the vinous fermentation of cane sugar. The same conversion of cane sugar 
into starch sugar, with increase of specific gravity, may be shown by means of acids 
as well as of yeast. A solution of 1000 parts of cane sugar in water, having the specific 
gravity 1054*64, became with 1 part of crystallised oxalic acid added to it 1054-7 ■ 
IP afterwards heated for twenty-three ho^r* to a temperature* not exceeding 

128 Fahr., it was found (when cooled) to have attained a gravity of 1057*63 an 

increase again of nearly 3° of gravity ” J 

ITie difference between the gravities of solutions of cane sugar and starch sucar 
are of g^eat practical value, but these must be studied in the original \ the result how- 
ever being “that the original gravity of a fermented liquid or beer must be different 
according as it was derived from a wort of cane sugar or of stafeh sugtfr.” * 

The gravity of malt wort was determined to be intermediate between that of pnre 
cane sugar and starch sngar, and solutions containing an equal quantity of carbon ex- 
hibited the following gravities : — 

Cane sugar - 1072*9 Pale molt - 1074*2 


Starch sngar - 1076*0 
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Two other subsjgnces were found to influence the original gravity of the wort: 
dextrin, or the gum of starch, &n<L caramel Tables are given of the specific 
gravities of these, from which the following results have been deduced : — ■ 

Starch sugar - - 1076 

Dextrin - 1066*9 

Caramel - 1062*3 

Caramel is stated to interfere more than dextrin in giving lightness or apparent 
attenuation to fermented worts, without a corresponding production of alcohol. 

“ Another constituent of malt wort, which should not be omitted, is the soluble 
asotised or albuminous principle derived from the grain. The nitrogen was deter- 
mined in a strong wort of pale malt with hops, of the specific gravity 1088, and con- 
taining about 21 percent, of solid matter. It amounted to 0*217 per cent of the 
wort, and may be considered as representing 3*43 per cent of albumen. In the same 
wort, after being fully fermented, the nitrogen was found to amount to 0*134 percent, 
equivalent to 2*1 1 per cent of albumen. The loss observed of nitrogen «nd albumen 
may be considered as principally due to the production and growth of yeast which is 
an insoluble matter, at the cost of the soluble albuminous matter. Solutions of egg- 
albumcn in water, containing 3*43 and 2*1 1 per cent respectively of that substance, 
were found to have the specific gravities of 1004*2 and 1003*1. lienee a loss of 
density hus occurred during fermentation of 1*1 degree on a wort of 1088 original 
gravity, which can be referred to u change in the proportion of albuminous matter. 
It will be observed that the possible influence of this substance and of the greater or 
less production of yeast during fermentation, upon the gravity of beer, are restricted 
within narrow limits.” 

The reporters’ proceed : — 

“ The process required for the determination of the original gravity of beer, must 
be easy of execution, and occupy little time. It is not proposed, in the examination 
of a sample, to separate by chemical analysis the several constituents which have 
been enumerated. In fact, we are practically limited to two experimental observa- 
tions on the beer, in addition to the determination of its specific gravity. 

“ One of these is the observation o* the amount of solid or extractive matter still 
remaining after fermeutation, which is always more considerable in beer than in the 
completely fermented wash of spirits. A known measure of the beer might be eva ite- 
rated to dryness, and the solid residue weighed, but this would be a troublesome 
operation, and could not indeed be executed with great accuracy. The same object 
may be attained with even a more serviceable expression for the result, by measuring 
exactly a certain quantity of the beer, such as four fluid ounces, and boiling it down 
to somewhat less than half its bulk in an open vessel, such as a glass flask, so as to 
drive off the whole alcohol. The liquid when cool is made np to four fluid ounces, 
or the original measure of the beer, and the specific gravity of this liquid is observed. 
It lias already been referred to as to the extract gravity of the beer, and represents a 
portion of the original gravity. Of a beer of which the history was known, the original 
gravity of the malt wort was 1121, or 121.°; the specific gravity of the beer itself 
before evaporation, 1043 j and the extract gravity of the beer 1056*7, or 56*7°. 

“ The second observation which can lie made with sufficient facility upon the beer, 
is the determination of tbc quantity of alcohol contained in it This information may 
be obtained most directly by submitting a known measure of the beer to distillation, 
continuing the ebullition till all the alcohol is brought over, and taking care to cou- 
dense the latter without loss. It is found in practice that four ounce-measures of the 
beer form a convenient quantity for the purple. This quantity is accurately 
measured in a small glass flask, holding 1750 grains of water when filled npto a mark 
in the neck. The mouth of the small retort containing the beer is adapted to one end 
of a glass tube-condenser, the other end being bent and drawn out for the purpose of 
delivering the condensed liquid into the small flask previously used for measuring the 
beer. The spirituous distillate should then be made np'with pure water to the 
original bulk of the beer, and the specific gravity of the last liquid be observed by the 
weighing bottle, or by a delicate hydrometer, at the temperature of 60° Fahr. T/ic 
lower the gravity the larger will be the proportion of alcohol the exact amount of 
which may be learned by reference to the proper tables of the gravity of spirits. The 
spirit gravity flf the beer already referred to proved to be 985*25 ; or it was 14*05° 
of gravity less than 1000, or water. The ‘spirit indication * of the b«*er was there- 
fore 14*05° ) "and the extract gravity oT the same beer 5C*7°. * 

44 The spirit indication and extract gravity of any beer being given, do we possess 
data sufficient to tumble us to determine with certainty the original gravity ? It 
has already been made evident that these data do not supply all the factors necessary 
for reaching the required number by calculation. 
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44 The formation of the extractive matter, which chieflydi^urbs the original 
gravity, increases with the progress of the fermentation ; that is, with the proportion 
of alcohol in the fermenting liquor. Bat wc cannot predicate from theory any 
relation which the formation of one of these substances should bear to the formation 
of the other, and arc nnable, therefore, to say beforehand that because so much 
sugar has been converted into alcohol in the fermentation, therefore so much sugar 
has also been, converted into the extractive substance. That a uniform, or nearly 
uniform relation, however, is preserved in the formation of the spirits and extractive 
substance in beer brewing, appears to be established by the observations which 
follow. Such an uniformity in the results of the vinous fermentation is an essential 
condition for the success of any method whatever of determining original gravities, at 
least within the range of circumstances which affect beer brewing. Otherwise two 
fermented liquids of this class, which agree in giving both the same spirit indication 
and the some extractive gravity, may have had different original gravities, and the 
solution of our problem becomes impossible.” 

The following table, one of several of equal value, gives the results of a particular 
fermentation of cane sugar. “ Fifteen and a half pounds of refined sugar were dis- 
solved in 10 gallons of water, making 10{ gallons of solution, of which the specific 
gravity was 1055*3 at GO? ; and after adding three fluid pounds of fresh porter yeast, 
the specific gravity was 1055*95. The original gravity may be taken as 1055*3 
(55*3°). 


Tatilk II. — Fermentation of Sugar- Wort of original gravity 1055*3. 


1. 

Number of 
Observation. 

n. 

Period of 
Fermentation. 

hi. 

Degrees of Spirit 
Indication. 



1 

Days. 

0 

Hours. 

0 

0 

55*30 

0* 

2 

0 

6 

1*59 

52*12 

3*18 

3 

0 

12 

2*57 

47*82 

7*48 

4 

0 

19 

3*G0 

43-62 

11*68 

5 

0 

23 

4*33 

40*13 

15*17 

6 

1 

5 

5*31 

35*50 

19*80 

7 

1 

12 

6*26 

31*39 

23*91 

8 

1 

19 

7*12 

27*63 

27*67 

9 

2 

11 

8*59 

20*26 

35*04 

10 

3 

11 

9-87 

13*40 

41*90 

11 

5 

12 

10*97 

7*60 

47*70 

12 

6 

12 

11*27 

4*15 

51*15 


“ Columns m. and V. respectively exhibit the spirit which has been produced, and 
the solid matter which has disappeared ; the first in the form of the gravity of the 
spirit, expressed by the number of degrees it is lighter than water, or under, 10(H), 
and the second by the fall in gravity of the solution of the solid matter remaining 
below the original gravity 1055*3. This last value will be spoken of as ‘ degrees of 
gravity lost ; r it is always obtained by subtracting the extract gravity (column iv.) 
from the known origiual gravity. To discover whether the progress of fermentation 
has the regularity ascribed to it, it was necessary to observe whether the same re- 
lation always holds between the columns of • degrees of spirit indication * and * de- 
grees of gravity lost.’ It was qjoful, with this view, to find what degrees lost 
corresponded to whole numbere of degrees of spirit indication. This can be done 
safely from the preceding table, by interpolation, where the numbers observed follow 
each other so closely. The corresponding degrees of spirit indication and of gravity 
lost, as they appear in thiB experiment upon the fermentation of sugar, are as follows:-— 


Tablb III. — Fermentation of Sugar- Wort of original gravity k.)55'3. 


Degrees of Spirit 
Indication. 

Degree* of Extract 
Gravity loat. 


Degrees of Extract 
Gravity lost. 

1 

1*71 

7 

* sroi 

2 

4*74 

8 

# jn-8 7 

* 8 

9*26 

9 

37*12 

4 

13*48 

10 

42*55 

5 

18*30 

11 

47*88 

6 

22*54 
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“ In two otlivr fermentations of cane sugar, the degrees of gravity lost, found to 
correspond to the degrees of spirit indication^ never differed from the numbers of the 
preceding experiment, or from one anftther, more than 0*9° of gravity lost This is a 
sufficiently close approximation. 

“ The following table is of much importance : — 


Table IV. — SrAncn-SuaAB. 

Degree* of Spitit Indication, with corresponding degree* of gravity lost 


llcildc* the degree* of gravity lout corresponding to whole degree* of spirit indication, the degree* of 
gravity Io*l corrotpondiug to tenth* of a degree of npirit indication are added from calculation. 


Degree* of 
Knfrlt 
Indication. 

*0 

•1 

*2 

*3 

D 

*5 

*6 

•7 

*8 

*9 

0 



•2 

*3 

*5 

*7 

*9 

1*0 

mm 

m 

1*6 

I 

1*9 

2*1 

2*4 

2*7 

3-0 

3-3 

36 

■ 

IQ 

4*6 

2 

50 

5*4 

5-8 

6-2 

G6 

7*0 

7 5 

■ [3 

Kfl 

9*0 

3 

9*5 

9U 

10-3 

10*7 

11*2 

11*6 

12*0 

■m 


13*3 

4 

13*8 

14-2 

14-6 

150 

15*5 

15-9 

16-3 

16-7 

17*2 

17*7 

5 

18*3 

18*7 

19*1 

19-5 

19-9 

20-3 

20*8 

21*2 

21*7 

22-2 

6 

22*7 

231 

23*5 

239 

24*4 

24*7 

mm 

25*6 

261 

26-6 

7 

27*1 

27-6 

28*1 

28-6 

29*1 

29-6 

30*0 

30*5 

31*0 

31-5 

8 

320 

32*5 

33*0 

33-5 

34-0 

34*5 

35*0 

35*5 

36 0 

Sft'6 

9 

37-2 

37*7 

38*2 

38*7 

39-2 


40-3 

40*8 

41-3 

41*8 

10 

11 

42*4 

47*7 

42-9 

434 

440 

44-5 


45*6 

46*1 

16*6 

47*2 


“ It is seen from this table that for 5° of spirit indication, the corresponding de- 
grees of gravity lost are 18*3°. For 5*9° of spirit indication, the corresponding de- 
grees of gravity lost arc 222°. 

“ This table is capable of a valuable application, for the sake of which it was con- 
structed. By means of it, the unknown original gravity of a fenneuted liquid or 
beer from cane sugar may be discovered, provided the spirit indication and extract 
gravity of the beer are observed. Opposite to the spirit indication of the beer in the 
table, wc find the corresponding degrees of gravity lost, which Inst, added to the 
extract gravity of the beer, gives its original gravity. 

“ Suppose the sugar beer exhibited an extract gravity of 7*9° (1007*9), and spirit 
indication of 11°. The latter marks, accordiug to the table, 47'7° of gravity lost, 
which added to the observed extract gravity, 7*9°, gives 5.VG° of original gravity for 
the beer (1055*6).” 

Similar tables are constructed for starch sugar, and for various worts with and 
without hops. 

After explaining many points connected with the problem, as it presented itself 
under varied conditions ns it respected the original worts, the Report proceeds : — 

“ The object is still to obtain the spirit indication of the beer. The specific gravity 
of the beer is first observed by means of the hydrometer or Weighing bottle. The 
extract gravity of the beer is next observed as in the former method ; but the beer 
for this purpose may he boiled in an open glass fl;isk till the spirits are gone, ns the 
new process does not require the spirits to be collated. The spiritless liquid remain- 
ing is then made up to the original volume of the beer as before. By losing its spirits, 
the beer of course always increases in gravity, and the more so the richer in alcohol 
the beer lias been. The difference between the two gravities is the new spirit indi- 
cation, and is obtained by subtracting the beer gravity from the extract gravity, 
which last is always the higher number. 

“ The data°in a particular beer fere as follows : — 

Extract gravity .... 1044-7 

Beer gravity, - 1035 1 


Spirit indication ----- 9*6° 

• • 

u Now the same beer gave by distillation, or the former method, a spirit mdicatioif 
of 9*9°.. The new spirit indication by evaporation is, therefore, less by 0*3° than 
the old iudication by distillation. The meaus were obtained of comparing the two 
indications giv en by the same fermented wort or beer in several hundred cases , by 
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adopting the practice of boiling the beer in a retort, instead of an open flask or 
basin, and collecting the alcohol at the same time. The evaporation uniformly indi- 
cated a quantity of spirits in the beer nearly ttfe same as was obtained by distillation, 
but always sensibly less, as in the preceding instance. These experiments being 
made upon fermented liquids of known original gravity, the relation could always he 
observed between the new spirit indication and the degrees of specific gravity lost by 
the beer. Tables of the degrees of spirit indication, with their corresponding degrees 
of gravity lorf, were thus constructed, exactly in the same manner as the tables which 
precede ; and these new tables may be applied in the same way to ascertain the 
original gravity of any specimen of beer. Having found the degrees of spirit indi- 
cation of the beer by evaporation, the corresponding degrees of gravity lost arc taken 
from the table, and adding these degrees to the extract gravity of the beer, also ob- 
served, the original gravity is found. Thus the spirit indication (by the evaporation 
method) of the beer lately referred to, was 0*6°, which mark 43° of gravity lost in the 
new tables. Adding these to 1044*7, the extract gravity of the same beer, 1087*7 is 
(Attained as t^e original gravity of the beer.” 

The results of the extensive series of experiments made, were, that the problem 
could he solved in the two extreme conditions in which they have only to deal with 
the pare sugars entirely converted into alcohol. 

“ The real difficulty is with the intermediate condition, which is also the most fre- 
quent one, where die solid matter of the beer is . partly starch sugar and partly ex- 
tractive! for no accurate chemical means are known of separating these substances* 
and so determining the quantity of each in the mixture. 

“ Hut a remedy presented itself. The fermentation of the beer was completed by 
the addition of yeast, and the constituents of the beer were thus reduced to alcohol 
and extractive only, from which the original gravity, as is seen, con be calculated. 

“ For this purpose a small but known measure of the beer, such as four fluid 
ounces, was carefully deprived of spirits by distillation, in a gloss retort. To the 
fluid, when cooled, a charge of flresh yeast, amounting to 150 grains was added, and 
the mixture kept at 80° for a period of sixteen hoars. Care was taken to connect 
the retort, from the commencement, with a tube condenser, so that the alcoholic 
vapour which exhaled from the wash daring fermentation should not be lost When 
the fermentation had entirely ceased, heat was applied to the retort to distil oil' the 
alcohol, which was collected in a cooled receiver. About three-fifths of the liquid 
were distilled over for this purpose ; and the volume of the distillate was then made 
up with water to the original volume of the beer. The specific gravity of the last 
spirituous liquid was now taken by the weighing bottle. To obtain a correction for 
the small quantity of alcohol unavoidably introduced hy the yeast, a parallel expe- 
riment was made with that substance. The same weight of yeast was mixed with 
water, and distilled in another similar retort The volume of this second distillate 
was also made up by water to the beer volume ? its specific gravity observed, and de- 
ducted from that of the preceding spirituous liquid. This alcohol was added to that 
obtained in the first distillation of the beer, and the weight of starch sugar cor- 
responding to the whole amount of alcohol was calculated. This was the first result 

M For the solid matter of the beer : the spiritless liquid remaining in the retort was 
made up with water to the beer volume, and the specific gravity observed. A 
correction was also required here for the yeast, which is obtained by making up the 
water and yeast distilled in the second retort, to the original volume of the l>ccr, and 
deducting the gravity of this fluid from the other. The quantity of starch sugar cor- 
responding to this corrected gravity of the extractive matter was now furnished hy 
the table. This was the second 

“ The two quantities of starch sugar thus obtained were added together. The 
specific gravity of the solution of the whole amount of starch sugar, as found in the 
table, represented the original gravity of the beer. 

" This method must give an original gravity slightly higher than the truth, owing 
to the circumstance that the dextrin, alhnmen, and salts, which are found among the 
solid matters dissolved in beer, are treated as >.a\ing the low gravity of extractive 
matter, and accordingly amplified hy about one-sixth, like that substance, in allowing 
for them ultimately as starch sugar. The error from this source, however, is incon- 
siderable. It is to be further observed, that the error from imperfect manipulation, 
of which there is most risk in the process, is leaving a little sugar in the extractive 
matter from incomplete fermentation. This accident also increases the original 
gravfey deduced. The process has given results which are remarkably '‘uniform, and 
is valuable in the scientific investigation of the subject, ulthough not of that ready and 
easy execution which is necessary for ordinary practice, and which recommends the 
former method.” 
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Table V. — T# be used in ascertaining Original Gravities by tho Distillation 

process. 


Degrees of Spirit Indication with corresponding degrees of gravity lost in Malt Worts. 


Duprnns of 
Spirit 
Indication. 

D 

•1 

•2 

•3 

■ 

•5 

•6 

D 

•8 

• 

•9 

0 

— 

•2 


El 

1*2 

IT* 

1*8 

2*1 

wn 

2*7 


3*0 

3 3 


SSI 

4*4 

4*8 

5-1 

w *1 

-pl 

6*2 


6*6 

7’0 


7*8 

8-2 

8*6 

9*0 

K1 

■39, 

10*2 


10-7 

11*1 


12*0 

124 

129 

13-3 

Ik 3 

14-2 

14-7 


15*1 

15*5 


16*4 

1G.8 

17*3 

17*7 

EE 1 

1S*G 

19*1 

5 

19*5 

19*9 

20*4 

20 9 

21*3 

21*8 

22-2 

22*7 

23*1 

23*6 

6 

241 

24*6 

25*0 

25-5 

2G*0 

26*4 

20*9 

27-4 

J7*8 

28 3 1 


28’8 

29*2 

29*7 

30*2 

80-7 

31*2 

31*7 

32*2 

32*7 

33*2 


33*7 

34'3 

34*8 

35 4 

35-9 

36*5 

37-0 

37*5 

38*0 

38*6 


39 1 

39*7 

402 

40-7 

41*2 

41*7 

1 42*2 

WvZM 

43*2 

43 7 

10 

44*2 

44*7 

mi 

45-6 

46*0 

4G*5 

MSsm 

"El 

48*0 

48T> 

11 

49-0 

49-G 

ESI 

50*6 

51-2 

51*7 

52*2 

52*7 

53-3 

53*8 

12 

54-3 

649 

EH 

55-9 

56*4 

56*9 

57-4 

■5Z3 

58*4 

58*9 

13 

59-4 

'mm 1 

00*5 

GW 

61*6 

62*2 

62-7 

G3*3 

G3-8 

64-3 

14 

15 

64*8 

70-5 

65*4 

65*9 

60'5 

67*1 

G7*G 

68*2 

68*7 

69 '3 

69*9 


Table VI. — To be used in ascertaining Original Gravities by the Evaporation 

Process 


Degrees of Spirit Indication with corresponding degrees of gravity lost in Malt Worts . 


Dcfiroes of 
Spirit 
Indication. 

•o 

•1 

•2 

•3 

n 

■5 

□ 

■7 

•8 

•9 

| 


■3 


1-0 

1-4 

1-7 

2*1 

wn 

2*8 

31 


3-5 

3-8 


46 

5-0 

5-4 

5*8 

■T pi 

6*6 

7*0 


7*4 

7*8 


8-7 

9-1 

9*5 

9-9 


10-7 

11*1 


11-5 

11-9 


12*8 

13-2 

13*6 

14*0 

14*4 

14*8 

15-3 


15*8 

16-2 

16-6 

17-0 

17-4 

17*9 

18*4 

18*8 

19*3 

19*8 

5 

20*3 

20-7 

21*2 

21-6 

22*1 

22*5 

23*0 

23*4 

23*9 

24*3 

6 

24*8 

252 

25-6 

26-1 

26-6 

27*0 

27*5 

28*0 

28*5 

290 


29*5 

30-0 

30-4 

30*9 

31-3 

31-8 

32-3 

32*8 

33*3 

| 33-8 


34-3 

34-9 

35-5 

360 

36*6 

37-1 

37*7 

38-3 

38*8 

! 39*4 


40*0 

40-5 

41-0 

41-5 

42*0 

42-5 

43*0 

43*5 

44*0 

! 44*4 

10 

44-9 

45*4 

46*0 

4GT* 

47*1 

47*6 

48*2 

48*7 

49-3 

49*8 

11 

50-3 

50-9 

51-4 

51-9 

52*5 

53*0 

53-5 

54-0 

54T* 

55*0 

12 

55-6 

56-2 

56-7 

57*3 

57*8 

58*3 

58*9 

59*4 

59-9 

! 60*5 

13 

61-0 

61-6 

G21 

62-7 

63-2 

63*8 

64*3 

64*9 

65’4 

1 66*0 

14 

15 

66-5 

720 

67*0 

67*6 

68-1 

63*7 

69-2 

• 

69-8 

U 

70*9 

r 


FERMENTATION PANARY. See Bbeab. 

FERRIC ACID. (FeO\) This new compound having been prescribed as a 
source of supplying oxygen to persons confined in diving-bells and iu mines, by 
M. Payerne, alaims notice in a practical work. M. Frerny is the discoverer of (his 
acid, which he obtains in the state 4»f ferrate of potash, by projecting 10 parts of dry 
nitre in powder upon 5 parts of iron filings, ignited in a crucible ; when a reddish 
mass, containing much ferrate of potash, is formed. The preparation succeeds best 
when a large qyucihlc, capuble of holding about a piut of water, is heated so strongly 
that the bottom and a couple of inches above it, appear faintly, but distinctly red, in 
which state the hcafcis still adequate to elTect due deflagration without deconi position. 
An intimate mixture of about 200 grains of dried nitre with about one-luilf its vfeight 
of the finest iron filings, is to be thrown at mice U|h>ii the side of the crucible. The 
mixture will soon swell and deflagrate. The crucible being taken fVom Ibe fire, und 
the ignited mass being cooled, is to Ik* taken out with au iron spoon, pounded, and 
immediately put into u bottle, and excluded from tlie air, from which it would speedily 
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attract moisture, and be decomposed. It is resolved by tbe action of water, espe- 
cially with heat, into oxygen gas, peroxide, and nitrate of iron. 9 This acid has not 
been obtained in a free state ; it appears indccdUo be scarcely capable of existing alone, 
decomposing, as soon as liberated, into oxygen and ferric oxide. — Graham. 

Mr. J. D. Smith prepares the ferrate of potash by exposing to a full red heat a mix- 
ture of finely powdered peroxide of iron with four times its weight of dry nitre. It 
has an amethyst hue, but so deep as to appear black, except at the edges. Oxygen is 
rapidly evolfed by the action of the sulphuric or nitric acid upon its solution. He 
considers the atom of iron to exist in this compound associated with 3 atoms of 
oxypen, or double the proportion of that in the red oxide. Ilence 53 grains of pure 
feme acid should give off 12 grains of oxygen, equal to about 35 cubic inches; but 
how much of the ferrate of potash may be requisite to produce a like quantity of oxygen 
cannot be stated, from the uncertainty of the operation by which it is produced. 

FERBOCYANIDES. The compounds of the radical ferrocyanogen. Tbe latter 
radical is bibasic, when, therefore, it combines with hydrogen to form ferrocyanio 
%cid, it taka* up two atoms. These two atoms of hydrogen can bo replaced by 
metals as in Terrocyanide of potassium or prassiate of potash, as it is commonly called. 
See Puusbiate or Potash. Ferrocyanogen consists of C^Fe, which may also be 
written Cy*Fe, or, for brevity’s sake, Cfy. 

The modes of preparing the ferrocyanides differ, according as the resulting sub- 
stance is soluble or insoluble in water. The soluble salts, such as those with alkalies, 
are prepared either by neutralising hydrofcrrocyanic acid with the proper metallic 
oxide, or by boiling prussian blue with the oxide, the metal of which it is intended to 
combine with the ferrocyangen. Other methods may also be adopted in special cases. 
The processes for preparing the ferrocyanides of the alkali metals on the large scale 
will be described in the article Prussia te or Potash. 

When the fcrrocyanide is insoluble in water, it may be prepared by precipitating 
a salt of the metal with ferrocyanide of potassium. Thus, in the preparation of the 
reddish or purple ferrocyanide of copper, 

2(000,80*) + K*Cfy = Cu=Cfy + 2(K0,S0 1 ). 

The above equation written in full becomes : — 

2(000,80*) + JVC'JPFe «= Cu’CWFe +■ 2(K0 J S<r). 

Ferrocyanideof potassium is much used as a test for various metals, in consequence 
of the characteristic colours of the precipitates formed with many of them. The prin- 
cipal ferrocyanides with their colours and modes of preparation will be found in the 
following list : — 

Ferrocyanide of aluminium.— An instable compound formed by digesting hydrate of 
alumina with ferroprnssic acid. 

Ferrocyanidee of antimony and arsenic. — Neither of these salts are known in a state 
of purity. 

Ferrocyanide of barium. — - This salt may be prepared by boiling prussian blue in 
slight excess with baryta water and evaporating to crystallisation. 

Ferrocyanideof bismuth . — When a solution of ferrocyanide of potassium is added 
to a solution of a salt of bismuth, a yellow precipitate is obtained. It becomes of a 
greenish tint on keeping for some time. 

Ferrocyanide of cadmium may be attained as a white precipitate on adding a solution 
of feiTocyanide of potassium to a soluble salt of cadmium. 

Ferrocyanide of calcium may be prepared in the same manner as that of barium, 
but, owing to the sparing solubility of lime in water, we mast substitute cream of 
lime for baryta water. 

Ferrocyanide of cerium is a whife salt only slightly soluble in water. Its properties 
are very imperfectly known. 1 

Ferrocyanide of chromium.— The protochloride of chromium gives a yellow pre- 
cipitate with ferrocyanide of potassium. 1 

Ferrocyanide of Salts of cobalt give a pale blue precipitate with ferrocyanide 

of potassium. It appears to decompose on keeping, as its colour become altered. 

Ferntcwinide of copper. — When ferrocyanide of potassium is added to a solution of 
sobchloride of copper, a white precipitate appears, which, on exposure, becomes con- 
verted wto a purplish red substance, apparently identical with the ordinary ferro- 
cyanide of copper which fells down on the admixture of salts of the protoxide of 
copper with solutions of ferrocyanide of potassium. 

Ferrocyanide of gtucinum may be obtained, according to Berzelius, under the form 
of an amorphous varnish, by decomposing fcrrocyanide of lead with a solution of sub- 
sulphate of glucraa. 

Ferrocyanide of hydrogen constitutes ferroprnssic acid. 

Ferrocyanide qfiron, or prussian blue. — This salt exists in several conditions, no- 
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cording to the mo4&of preparation. The ordinary salt ia formed by adding a solution 
of ferrocyanide of potassium to a solution of a persalt of iron. The following equa- 
tion explains the reaction that ensues ^fith the sesquichloride : — 

2(Fe*Cl 1 ) + 3(CfyK f =3(CfyFe 4 ) + 6KCL 

Ferrocyanide of lead, is procured as a white precipitate by adding a solution of 
ferrocyanide of potassium to a salt of lead. 

Ferrocyanide of magnesium is probably best prepared by neutralising* ferroprussio 
acid with magnesia or its carbonate. It forms a pale yellow salt 

Ferrocyanide of manganese may be obtained as a white precipitate, on adding ferro- 
cyanide of potassium to a solution of pure protochloride or protosnlphate of man- 
ganese. 

Ferrocyanide of mercury. — This compound cannot be obtained in a state of purity 
by precipitation. It has not been sufficiently examined. 

Ferrocyanides of molybdenum. — Molybdous salts give, with ferrocyanide of po- 
tassium, a dark brown precipitate soluble in excess of the precipitant. M ** 

Ferrocyanide of nickel is obtained under the form of a pale apple green precipitate, 
on addition of pnissiate of potash to a salt of nickel. 

Ftrrocyanide of silver. — Ferrocyanide of potassium gives* a white precipitate with 
silver salts. 

Ferrocyanide of sodium may be formed by the action of caustic soda on prussian blue. 

Ferrocyanide of strontium can be procured precisely in the same manner as the 
corresponding barium salt. 

Ferrocyanide of tantalum has probably never been obtained pure. Wollaston found 
that tuntalic acid (dissolved in binoxalate of potash) gave a yellow precipitate with 
prussiate of potash. 

Ferrocyanide of thorium . — A white precipitate is produced by the action of solution 
of prussiate of potash on salts of thorium. 

Ferrocyanide of tin. — Pure salts of tin, whether of the per- or prot-oxide, give 
white precipitates with ferrocyanide of potassium. 

Ferrocyanides of titanium. — Solutions of titanateB give a golden brown precipitate 
when treated with solution of ferrocyanide of potassium. 

Ferrocyanides of uranium. — The ’protochloride gives a pale, and the perchloriue 
a dark reddish brown precipitate with ferrocyanide of potassium. 

Ferrocyanide of vanadium .— Salts of vanadic oxide give pale yellow, and of vanadic 
acid, rich green precipitates with prussiate of potash. 

Ferrocyanide of zinc ennnot be prepared by precipitation. It may be obtained in 
the form of a white powder by the action of oxide or carbonate of xinc on ferro- 
prussic acid. C.G.W. Watts' “ Dictionary of Chemistry.” 

FERROCYANOGEN, a compound radical in which the metallic iron is an im- 
portant constituent. See previous article, and Watts' u Dictionary of Chemistry.” 

FEVERFEW. The popular name of the Pyrethrum Parthenium , much used 
amongst the peasantry as a remedy for fevers. It contains some tannic acid, and 
has bten employed in Germany in tanning and currying leather. The Pyrethrum 
officianaUe is the Pellctory of Spain. See Pyrkthrum. 

FIBRES, or FIBROUS BODIES. From time to time numerous grasses, fibrous 
barks, and other substances of a similar character, have been introduced into com- 
merce; a few of these only have been found available for manufacture. It is, however, 
deemed of interest to describe briefly some of these. Some of the more important 
vegetable fibres will be fully noticed under their respective heads. (See Coin, Flax, 
Hemp, &c.) • 

China Grass. — This fibre is obtained from Urtica nicea , which grows abundantly 
in China, and in various parts of our Indian empire. The samples which have been 
imported are principally obtained from Canton and Hong- Kong. In 1849, Messrs. 
Wright and Co. obtained a patent for the preparation of this fibre. Their process 
consisted essentially of boiling the stems in an alkaline solution, after they bad been 
previously steeped for 24 hours infold water, and for 24 hours m water at 90° Fahr. 
The fibre is then thoroughly washed with pare water, and finally subjected to the 
action of a current of high pressure steam till nearly dry. 

Callooee Hemp or Rhea. — This fibre is usually confounded with China grass ; bat, 
there is little loubt they are obtained from two different kinds of urtica. The China 
grass from tye Urtjra nivea of Willdcnliow ; the Callooee Hemp, Kalmoi. or Rami , of 
Sumatra 5 and the Rlica from the Urtica tenacissima of Roxburgh. The plaxft pro- 
ducing the Callooee hemp, w f as introduced from Bcucoolen to Calcutta in 1803, where, 
under the care of Dr. Roxburgh, it was for many years cultivated in the Botanic 
Gardena. In 1814, a quantity of the Callooee hemp was imported into England, and 
properly tested ; its practical value was thought so highly of, that the Society of Arts 
awarded a silver medal to Cupt. James Cotton, of the East India Company, who in* 



281 


FIBRES. 


trodnced it. “ The chief obstacle which interfered, however, with its use, was the 
difficulty which was found to exist in the preparation of the fibre from the stems of 
the plants ; none of the processes usually adapted with flax or hemp were found to 
be at all suitable to them ; and the rude, wasteful, and imperfect means employed by 
the natives in preparing the fibre for the manufacture of twine, thread, and fishing 
nets, by the mere process of scraping, were wholly inapplicable on a large scale, 
and gave besides only a very inferior result. When macerated or retted in water, it 
was found that the fibre itself was more easily destroyed than the glutinous matter of 
the stem. During the last forty years, various attempts have been made to devise a 
good and cheap process for preparing this fibre, but hitherto without much success ; 
and consequently, till quite recently, the cost of the fibre was such aB to preclude its 
being brought into the market as a substitute for flax. But recent investigations have 
shown that the Urtica tenacissima and the hetcrophylla may be obtained in almost un- 
limited quantities in various parts of India ; and a process which has been lately 
patented appears, to a very great extent, to have removed the practical difficulties 
which previously stood in the way of its employment by manufacturers; so that in a 
few years it is probable that the Callooec hemp will constitute an important addition to 
the fibrous materials employed in the arts.” — Jura?* Report, Great Exhibition , 1851. 

Aeilgherry Nettle (JJrtyca hetcrophylla ). — This nettle appears to be remarkable beyond 
all others for its stinging properties. It is abundant in Mysore, flourishing in Alpine 
jungles. The Todawars prepare the fibre of this plant by Wiling the stems in water, 
after which they readily separate it from the woody parts and then spin it into a 
coarse but very strong fibre. The Malays simply steep the stems in water for ten or 
twelve days, after which they are so much softened that the outer fibrous portion is 
easily peeled off. 

Ycrcum Nar. — This is the native name of the fibres of the Calotropis (. Asclepias ) 
qiyantea , a plant which grows wild, abundantly, in various parts of the Bengal and 
^Madras presidencies, and is used by the natives in the manufacture of cord called 
“ Litmb-dore” or “ Tondcc Coir” 

Aloe fibre t or N hr, the produce of the Agave vivipara , and other allied species. 
This is often called the “ Silk gras s fibre.” 

Pine-apple fibre \ sometimes called “ Ananas flax” This has been prepared in Java, 
and at Travancore. Many fine specimens have been brought to this country. 

Plantain fibre. — In the Government establishments of Ceylon this is extensively 
employed. Canvass and ropes are made of it It is obtained from the Musa texlilis. 
It is calculated that 8 cwt per acre of this excellent fibre might be obtained. 

Mahant bark. — Employed at St Vincent's iu the manufacture of fishing nets, 
common cord, and coarse lines for fishing. 

New Orleans moss ( Tillandsia usneoides) t a substitute for horse hair as a stuffing 
material for upholsterers. Sometimes the fibrous husk of the Indian coru is used 
for the same purpose, but it is more brittle than the moss. 

Palm-tree fibre. These fibres are obtained from many varieties of the palin. 

Grass fibre. Many of the grasses are now being used in the manufacture of paper, 
and for other purposes. 

The following tables by Pr. Roxburgh and Dr. Wright, afford much information 
as to the relative strengths of different kinds of fibrous substances. The first tuhle 
gives experiments made by Dr. Roxburgh in 1804; some of the fibres were, however, 
probably imperfectly prepared. 


Common Nome. 

Botanical Name. 

Breaking! WciRlit. 

1. Hemp (English^ 

2. Murga (Sansevicra) 

8. Aloe - 

4. Ejoo .... 

5. Donsha - 

6. Coir .... 

7. Hemp (Indian) 

8. Wool let comal 

9. ? - 

10. Sunn .... 
U.frRunghi paat ... 

12. Ghu nala paat - 

13. ? .... 

14. Flax (Indian) - 

" i .... 

Cannabis sativa ... 
Alcctris nervosa ... 

Agave Americana t - 
Saguerus Rumphii - 
JBschynomon*' funnabina • 

Cocos nuci/cra - - - 

Cannabis sativa ... 
Ahroma Augusta ... 
Uanhinia .... 

Crotolaria juncea ... 
Corchorus olitarius - - 

„ capsularis 

Hibiscus mainhot ... 
Linum usitatissimum 

M 
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In 1808, T)r. Roxburgh mode another series of experiments, of which the following 
table gives the rcstft ! — ■ 


Common Name. 

Botanical Name. 

Breaking Weight. 

1. Bowstring hemp 

2 . Callooec hcuip 

3. ?- 

4. Sunn - 

5. Ilcmp (Indian) 

6 . Doncha - 

8 . Musta paat - 

9. Bunghi paat - 

10 . Plantain- - 

Asclepias Sp. - 

Urtica tcnacissima - - - 

Core horns c apsularis 

Cro/olaria juncca - 
Cannabis satim - 
JEschynomone aannabina - 
Hibiscus striclus - 
„ cannabinus 

Corc/ionut olitorius - 

Musa ----- 

Ihx. 

248 

• 240 

1G4 

160 

158 

138 

128 

115 

113 

79 « 

• 


Experiments were made not long since by Dr. Wright on several well known vege- 
table fibres when made into ropes. The following were lliorfcsults : — 


Common Name. 

Botanical Name. 

Breaking Wi-ighi. 

1 . Yorcum nar - 

Ca/otropis gigantca - - - 

Ilm. 

552 

2. Janapum 

Crotolaria juneca - 

4u7 

3. Outthalay nar - 

Agave Americana - - - 

362 

4. Cotton - 

Gassy pi urn hcrbaceum 

346 

5. Maroot - 

Sanscnicra zeyhnica 

316 

G. Pooley mungu 

Hibiscus cannabinus 

290 

7. Coir - 

Cot'.os nueijera - 

224 


The defect of all these fibres is, as it regards their use in weaving, that they break 
the knot, and in all weaving processes the fibres require frequent joining. 

FIBRE, VEGETABLE, called ulso Ltgnine {Lupieux, Fr. ; PJlanzen fatter staff. 
Germ.) ; is tlie most abundant aud general ingredient of plants, existing in all their 
parts, the root, tlie leaves, the stem, the flowers, and the fruit ; amounting in the com- 
pact wood to 97 or 98 per cent. It is obtained in a pure state by treatiug saw-dust 
successively with hot alcohol, water, dilute mnriatic acid, and weak potash lye, which 
dissolve, first, the resinous ; second, the extractive and saline matters; third, the car- 
bonate and phosphate of lime ; aud, lastly, any residuary substauces. Ligneous 
fibres, such as sawdust, powdered barks, straw, hemp, flax, linen, and cotton cloth, 
are convertible by the action of strong sulphuric acid into a gummy substance 
analogous to dextrine, and a sugar resembling that of tlie grape. 

Much attention has, of late years, been directed to the conversion of vegetable fibre 
into paper. See Paper. 

FIBRIN (Eng. and Fr. 5 Thicrischcr Faserstoff, Germ.) constitutes the principal 
part of animal nmsclc ; it exists in the chyle, the blood, and may be regarded as the 
most abundant constituent of animal bodies. It may be obtained in a pure state by 
agitating or lieating new drawn blood with a buudA of twigs, when it will attach itself 
to them in long reddish filaments, which may be deprived of colour by working them 
with the hands under a streamlet of cold water, and afterwards freed from any 
adhering grease by digestion in alcohol or ether. 

Fibrin, thus obtained, is solid, white, flexible, slightly elastic, insipid, inodorous, 
denser than wgiter, hut containing 4 fifths of its weight of it, and without action on 
litmus. When dried, it becomes stmi-transparent, yellowish, stiff, and brittle : water 
restores its softness and flexibility. 100 parts of fibrin consist of 53*36 carbon, 19*68 
oxygen, 7*02 hydrogen, and 19 31 azote. As the basis of flesh, it is a very nutritious 
substance, and is essential to the sustenance of carnivorous animals. 

FIBRIN, VEGETABLE. Insoluble vegetable albumen. See Watt s’ “ Dictionary 
of Chcmistrjk” % 

FIBROUS RESIDUE. New Process for separating the Animal from tbe Vegetable 
Ingrm/icnts. — Mr. F. O. Ward was the exhibitor in 1862 of this process, which 
received the high approval of the jury of Class II., to whose attention it was espe- 
cially directed. Mr. Ward has been associated with Cuptain Wynants in carrying 
out this interesting and useful discovery. These gentlemen placed in* the hands of 
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Dr. Hoftnann a concise description of their process which we give in Mr. Ward's 
words : — 

M There is a class of rags of intermediate character, neither wholly composed of 
vegetal matter, nor exclusively of animal origin. I allude to the residue of fabrics 
containing both these classes of materials interwoven. 

“ Such are the rags of so-called onion fabrics, wool and cotton ; of the silk and 
alpacas woven with a cotton warp ; and of the numerous varieties of stuffB, mennos, 
&c., which are more and more extensively manufactured every year. 8och also are 
the rags known technically as ( seams ; ’ being the clippings which fall from woollen 
rags under the scissors of the sorters, who prepare them for the machine by which 
they are torn into ‘rag- wool* These pieces are cut off and withheld from the tearing 
machine, precisely because they have a sewing thread running along them, or por- 
tions of cotton lining adherent, or other vegetal admixture. In rags of this class, 
each of the materials present interferes with the use, and diminishes the value, of the 
other. The paper-maker cannot advantageously work off the cotton because of the 
wool, which 0 would sprinkle his sheets with coloured specks. The rag-wool manu- 
facturer, on the other hand, cannot advantageously convert the wool to his purpose 
because of the cotton, which would show amidst the wool when dyed, as filamcnlB of 
paler hue. 

“ To meet thia difficulty two plans have been of late yean proposed, vis., the dis- 
integration of the cotton by means of dilute acid, in order to the separate recovery of 
the wool ; and the dissolution of the wool by means of caastic alkali, in order to the 
separate recovery of the cotton. 

“ Both these plans, it will be observed, involve the sacrifice of one material for tlio 
recovery of the other ; for its recovery in the case of the wool, much impaired in 
strength by acidulation ; in the case of the cotton at a considerable expenditure upon 
the alkaline solvent. 

“ The process now under review was devised in the year 1857, with special refer- 
ence to this class of mixed rags ; as also to the nnsortable residuum which remains 
under the name of 1 land rags ’ after the sorting of a heap has been pushed as far as 
economically possible. The object kept in view was to turn to account not one only, 
but both the classes, animal and vegetable, of intermingled ingredients ; and this 
result is accomplished by the new method without the aid of the acid or alkaline 
disintegrants heretofore employed ; without, in fact, any chemical agency stronger 
or more costly than that of water, applied in the form of a high pressure steam 
atmosphere. This process is so extremely simple that its nature, and the mode of 
practising it, can be explained in half a dozen sentences. 

“ The mixed rags, or other analogous mixed residue, are introduced into an ordinary 
autoclave digester, and there kept for about three hours (more or less) surrounded 
with an atmosphere of steam heated to a pressure of from three to five atmospheres. 
The exact pressure and temperature requisite vary with the materials under treatment ; 
wool requiring a higher temperature than leather, for example, and silk than wool. 
The materials condense a proportion of the steam and absorb its heat. The joint 
action of the moisture and heat is to convert the animal matter into a friable sub- 
stance, which, however, still retains its original form and aspect Thus the wool of 
mixed rags retains after digestion the same fibrous appearance that it had before, 
though it crumbles to powder when handled. It will be understood that ordinary 
crushing and .heating machinery readily reduces this brittle coal-likc product to 
dust, and detaches it from the interwoven vegetable matter; which preserves its 
fibrosity unimpaired. The heater is provided with a sieve, which retains the ve- 
getable fibre, hut suffers the auiiqgl dost to fall through. Ultimately the vegetable 
fibre is projected from the machine as a paper material ready for use ; the animal 
dust, meanwhile, being propelled by an Archimedian screw, and raised by a 
Jacob's ladder till it reaches the mouths of the socks successively placed for its 
reception. 

“ In the details of this process, and in the fuel and labour saving a.Tangements for 
drying the rags and handling them in their passage through the several departments 
of the factory, there are peculiarities not bearing on the broad principles of the plan 
though essential to its successful prosecution. Special precautions of this kind, as 
they are learned, point by point, by costly manufacturing experience, cannot, with 
propriety, be divulged \ nor, indeed, would they interest any reader* not specially 
charged with the conduct of the operation. I pass on, therefore, to a brief con- 
sideration of the products. 1 

“ The fibrous product, or paper material, presents hut few peculiarities for notice. 
It consists principally of cotton, hut usually contains also a percentage of flux and 
hemp, which increase its tenacity and value. The fibre is, for the most part, set free 
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in the form of long jmrallel thread*, the warp of the fabrics treated ; bat it also pre- 
sents many shreds or ordinary rag, portions, doubtless, of the calico with which the 
stuffs were lined. As the cotton warps df onion febrics are usually dyed in fast colours, 
often black, and as they are apt to retain a small percentage of the altered wool-dust, they 
require to be boiled under somewhat higher pressure than ordinary coloured rags ; 
with which, in other respects they are pretty much on a par as paper material. Until 
the right pressure for boiling them had been ascertained, it was found difficult to 
bleach them to perfect whiteness ; and some early failures thus occasioned, rendered 
the material unpopular among paper makers. Nevertheless, when properly ma- 
nipulated, this material produces excellent white paper, as the samples exhibited 
show. 

M The animal product, being an entirely novel article, requires particular attention. 
It issnes from the beating machine as a dark-coloured powder, intermingled with 
small lumps of the same substance, which lumps are sifted out and crushed. This 
powder, as practically produced, with the duBt and grit of the rags in it, contains, on 
an average, nearly 12 per cent, of nitrogen; a proportion corresponding to 14*5 pdf 
cent of ammonia. The nitrogen exists to a small extent as ready-formed ammonia 
held in combination with brown acids — ulmic and humic— developed during the pro- 
cess. The bulk of the nitrogen, however, is present, not the form of ammonia, 
but as a constituent of the wool-product itself. This organic compound is partially 
soluble, and more so as more moisture is supplied to the rags during their digestion. 
As ordinarily produced, it ta a manure of highly ammoniferous power, the whole of 
its nitrogen being liberated as ammonia, under the influences with which it meets in 
the soil. The rate of this development holds a happy medium between that of ordinary 
woollen rags, which arc reckoned too * slow ’ a manure, and that of guano, which is 
often as much too * sudden/ The farmer desires an equable as well as a copious 
development of ammoniacal plant food, whereof abrupt and superabundant supplies 
are apt, as he expresses it, to 1 burn 1 the roots ; which have, moreover, subsequently 
to endnre privation of the very fond thus worse than wasted. 

“ The new manure may, 1 think, be regarded as being, for plants what moderately 
cooked food is for animate ; the artificial preparation being, in both eases, carried 
just far enough to leave nature her appropriate share of the work. As, however, 
wool, leather, hair, silk, and the like, are not rich in phosphoric salts, an admixture 
of these, whether in the form of bone ash, bone, or coprolitic superphosphate, Kouria 
Mouria guano, or the like, improves the manure ; producing, in fact, a fertilising 
compost, which for general use leaves nothing to be desired. Of course, for soils 
specially deficient in any particular ingredient, and for crops requiring a more than 
average supply of some one element, special additions are made to the manure ; 
which become thus turnip manure, cereal manure, bean manure, &c., as desired. 

“ Another property may also be mentioned here, as giving to this manure, in one 
particular, a considerable advantage over guano. It is that whereas guano is liable, 
while in store, to undergo spontaneous decomposition, whence arises the loss of much 
volatile alkali, the new wool- product, on the contrary, manifests no such tendency, 
but it-mains perfectly stable at all ordinary temperatures and in all states of the 
weather, an advantage which it doubtless owes to the high temperature at which it 
is made. This manure may therefore be warehoused for any length of rime, and 
during any climatic vicissitudes to which it may be exposed either at home or in 
tropical regions. 

“ This product is distinguished in commerce as ‘ TJlmatc of ammonia,’ a name 
which, though not perhaps strictly correct, serves to indicate two of its most notable 
constituents— aeid and alkaline — in the combination which they really affect 

M Its analysis, by Professor Voelcker, of the Hoyal Agricultural College, Ciren- 
cester, is subjoined : — 


Moisture - -- -- -- -- - 11*59 

Organic matter* -------- - 73*89 

Ammonia in state of ulmatf ------ 2*05 

Oxides of iron and alumina and phosphoric arid - 2*52 

Carbonate of lime - -- -- -- - 2*22 

Alkalis and magnesia 

Insoluble silicious matter -------- 6*47 

100*00 

... 2 . 


* Containing— 

Nitrogen - 

Corresponding to am moult 
Total quantity of nitrogen - 
Corresponding to nmmonln 


- 10 84 

- 11.43 

- 11*91 

- 1*48 
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“ The relative proportion of the manorial and fibrous products resulting from the 
working of this process varies, of course, with the nature of the materials treated. 
Some mixed debris are rich in vegetal, othersnn animal, fibre. Average mixed rags 
however, contain these ingredients in pretty equal proportions ; and in all cases the 
sum of the weights of the two products, fibrous and pulverulent, equals the weight of 
the raw materinls treated, bo that tlic process involves no waste. 

“ The pecuniary profit of the operation is liable, of course, to vary from time to 
time with tow- cost price of the raw material, and labour employed, and the Belling 
price of the products, as also with the varying activity of trade, and the intervals of 
commercial depression. On this point it may suffice to observe that a process 
founded on correct principles, and yielding, under skilful conduct, good chemical 
results, is generally found to succeed also, on the average, as a commercial enterprise, 
if it be soundly and vigorously administered. The new manufacture is carried on at 
large works, built expressly for the purpose on the left bank of the Thames, at Grays, 
Essex, where machiuery, adequate to treat about 12 tons of rags per diem, has been 
fitted up. \large paper mill has also been erected on the opposite side of the river, at 
Hartford, to convert the fibrous product into paper. The ulmate is for the most part 
sold to manure manufacturers, who use it as the nitrogenous ingredient of their several 
fertilising composts. It is, therefore, employed by many farmers who arc not aware 
of the fact. 

u With reference to the origination of this process, the separability of animal from 
vegetal matters by the peculiar means indicated above, first occurred to the exhibitor 
and was communicated by him to his friend Captain Wynants during the course of ex- 
periments carried on by them jointly for the attainment of a different end, viz. the 
total reduction to manure of certain forms of waste. The modified design thus 
originated was worked out by both conjointly ; and it is the wish of the associates 
that any credit which an indulgent appreciation may connect with its success should 
be understood as attaching equally to both. Their highest ambition as to this pro- 
cess will be satisfied should the means employed therein lie regarded as Bimple and 
cheap, yet efficacious to their appointed end ; that end being the recovery, from mixed 
fibrous residua, under somewhat difficult conditions, of unquestionably useful pro- 
ducts. 

FICTILE MANUFACTURE. See Pottery, &c. 

FICUS. The fig. The species of this genus are of considerable number, and all 
of them are inhabitants of warm countries. Most of the species yield a milky juice 
containing caoutchouc. The Ficus clastica is the Indian- rubber bearing tree. The 
Ficus indica , the banyan tree ; the Ficus rcligiosa , the pippul tree or sacred fig of 
India ; the Ficus sycamori *, an Egyptian tree, probably toe sycamore of the lJible ; 
the Ficus catica , the common fig. 

FID. A tapered wooden pin used by seamen in splicing large ropes. It is also 
the name of an iron support passed through a hole in the heel of a mast. 

FIDDLE ELOCK. A block sha|>cd like a fiddle. It bos two sheaves, one over 
the other ; the lower one smaller than the upper. 

FIDDLE STRINGS. The catgut cords stretched across a violin ; fastened 'at the 
ends and raised by toe bridge. See Catgut. 

FIDDLE WOOD. A West Indian timber tree, toe Citftarcxylum mdanocardium , 
much used for mills, carriage- wheels, &c. 

FIG-WORT. Scrophulariacca. The fig-wort family form a natural order of 
dicotyledonous plants, toe species belonging to wbicli, are herbs, abonnding most in 
temperate climates, but also found both in tropical and arctic regions. The leaves 
are generally cxstipulatc, or tli • ..i pules arc very small. The juice of these plants 
possesses very varied properties. In some it is watery. In others, as Vcrhascum, it 
is mucilaginous. In toe Veronica it is bitter, as it is also in Scrophularia and some 
others. In the Pedicubiria and Gratida it is astringent; and in Digitalis it is 
highly narcotic. The genus Scrophularia is the type, and contains numerous species, 
about eighty-five having been described. They are principally native of temj>ei a atc 
climates, more especially in the Mediterranean region. 

S. nodosa may be taken as the type : a common plant on ditch sides, woods, and 
iroist places. Its root is swollen and knotty, and it was supposed to resemble 
scrofulous tumours of toe neck. As in former times it was pretty generally believed 
that nature thus pointed out toe proper remedies for different diseases, this plant was 
immediately supposed to possess great virtues in cases of scrofula, and was largely 
used tor that purpose externally. Hence the name for the plant, which was after- 
words adopted for that of the genus. At the present day it is said to be used on 
the continent in form of an infusion as a wash, in cases of itch. S. canina , a 
native of Italy, is used in like manner as a cure for toe mange in dogs. The 
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fiowen of S. nod^p contain generally a quantity of honey, and are remarkably 
attractive in consequence to wasps mid bees. “ Flores veeparum delicifie," says 
Linnnms. 

FICTILE MANUFACTURE. See Pottery, &c. 

FILE (Lime, Fr.; Fate, Germ.) is a well known steel instrnment, having teeth 
apon the surfiice for cutting and abrading metal, ivory, wood, &c. 

When the teeth of these instruments are formed by a straight sharp-olged chisel, 
extending across the surface, they are properly called files ; but whenby a sharp- 
pointed tool, in the form of a triangular pyramid, they are termed rasps. The former 
are used for all the metals, as well os ivory, bone^ horn, and wood ; the latter for 
wood and horn. 

Files are divided into two varieties, from the form of their teeth. When the teeth 
are a series of sharp edges, raised by the flat chisel, appearing like parallel furrows, 
either at right angles to the length of the file, or in an oblique direction, they are 
termed single cut . But when these teeth are crossed by a second series of similar* 
teeth, they are said to be double cut . The first arc fitted for brass and copper, and 
are found to answer better when the teeth run in on oblique direction. The la; ter 
are suited for the harder metals, such ns cast and wrought iron and steel. Such teeth 
present sharp angles to the substance, which penetrate it, whale single cut files would 
slip over the surface of these metals. The double cut file is less fit for filing brass 
and copper, because its teeth would be very liable to become clogged with the filings. 

Files are also called by different nanu s according to their various degrees of 
fineness. Those of extreme roughness are called rough ; the next to this is the 
bastard cut; the third is the second cut; the fourth, the smooth; and the finest 
of all, the dead smooth. The very heavy square files used for heavy smith- work 
are sometimes a little coarser than the rough ; they are known by the name of 
rubbers. 

Files arc also distinguished from their shape, as flat, half-round, three-square, four- 
square, and round. The first arc? sometimes of uniform breadth and thickness 
throughout, and sometimes tapering. The cross section is a parallelogram. The 
half-round is generally tapering, one side being flat, and the other rounded. The 
cross section is a segment of a circle varying a little for different purposes, but seldom 
equal to a semicircle. The three-square generally consist of three eqiud sides, being 
equilateral prisms, mostly tapering ; those which are not tapering are used for sharp- 
ening the teeth of saws. The four-sqnarc has four equal sides, the section being a 
square. These files are generally thickest in the middle, as is the case with the 
smiths rubber. In the round file the section is a circle, and the file generally 
conical. 

The heavier and coarser kinds of files are made from the inferior marks of blistered 
steel. Those made from the Russian iron, known by the name of old sable, called 
from its mark CCND, arc excellent The steel made from the best Swedish iron, 
called lloop L or Dnnucmora, makes the finest Lancashire files for watch and clock 
makers. 

The steel intended for files is more highly converted than for other purposes, to give 
them proper hardness. It should however he recollected, that if the hardness be not 
accompanied with a certain degree of tenacity, the teeth of the file break, and do but 
little service. 

Small files are mostly made of cast steel, which would be the best for all others, if 
it were not for its higher price. It is much harder than the blistered sti el, and from 
having been in the fluid state, is entirely free from those seams and loose parts so com- 
mon to blistered steel, which is no sounder than as iteomes from the iron forge before 
conversion. 

The smith’s rubbers arc generally forged in the common smith's forge, from 
the converted bars, which art*, for convenience, made square in the iron before they 
come into this country. The files of lesser size arc made from bars or rods, drav n 
down from the blistered hors, and the cast ingots, and known by the name of tilted 
steel. • - 

The file-maker's forge consists of large bellows, with coke as fuel. The anvil- 
block, particularly at Sheffield, is one large mass of mill-stone grit The anvil is of 
considerable size, set into and wedged fust into the stone ; and has a projection at one 
end, with a holeWo contain a sharp-edged tool for cutting the files from the rods. It 
also contains a deep groove for containing dies or bosses, for giving particular forms 
to the files. • ^ * 

The flat and square files are formed entirely by the hammer. One man holds the 
hot bar, and strikes with a small hammer. Another stands before the anvil with a 
two-handed hammer. The latter is generally very heavy, with a bread face for thf 
Vol. IL U 
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large filet. They Loth strike with such troth as to make the surface smooth and 
flat, without what is called hand-hammering. This arises from their great experience 
in the same kind of work. The expedition wising from the same cause is not less 
remarkable. 

The half-round files are made in a boss fastened into the groove above mentioned. 
The steel being drawn out, is laid upon the rounded recess, and hammered till it fills 
the die. 

The thro* -sided files aro formed similarly in a boss, the recess of which consists of 
two sides, with the angle downwards. The steel is first drawn out square, and then 
placed in a boss with an angle downwards, so that the hammer forms one Bide, and 
the boss two. The round files arc formed by a swage similar to those used by 
common smiths, but a little conical. 

The file cutter requires au anvil of a size greater or less, proportioned to the size of 
his files, with a face as even and flat as possible. The hammers weigh from one to 
five or six pounds. The chisels are a little broader than the file, sharpened to an 
4 angle of about 20 degrees. The length is just sufficient for them to be held fast be- 
tween the finger and thumb, and so strong as not to bend with the strokes of the 
hammer, the intensity of which may be best conceived by the depth of the impression. 
The anvil is placed in the face of a strong wooden post, to which a wooden scat is at- 
tached, at a small distance below the level of the anvil's face. The file is first laid 
upon the bare anvil, one end projecting over the front, and the other over the hack 
edge of the same. A leather strap now goes over each end of the file, and passes 
down upon each side of the block to the workman's feet, which, being put into the strap 
on each side, like a stirrnp, holds the file firmly upon the anvil as it is cut. While the 
point of the file is cutting, the strap p&sscB over one part of the file only, the point 
resting u]>on the anvil, and the tang upon a prop on the other side of the strap. When 
one side of the file is single cut, a fine file is run slightly over the teeth, to take away 
the roughness ; when they are to be double cut, another set of teeth is cut, crossing 
the former nearly at right angles. The file is now finished upou one side, and it is 
evident that the cut side cannot be laid upon the bare anvil to cut the other. A flat 


piece of an alloy of lead and tin is interposed between the toothed surface and the 
anvil, while the other side is cut, which completely preserves the side already formed. 
Similar pieces of lead and tin, with angular and rounded grooves, are used for cutting 
triangular and half-round files. 

Rasps are cut precisely in the same way, by using a triangular punch instead of a 
flat chisel. The great art in cutting a rasp is to place every new tooth as much as 
possible opposite to a vacancy. 

File cutting machines have been from rime to time invented. In 1778 M. dc 
Montigny read a memoir before the (Committee of Commerce, in which he mentioned 
the inventions for file- cutting in 1699 by Du verger, in 1725 by Fardouct, in 1740 
by Thiont, in 1756 by Brochat and G&main, and in 1778; since which, in 1800, Raoul 
invented a file-cutting machine ; and in 1836 Ericsson introduced another. Sir John 
Robison, just before his death, invented a method for cutting curved files ; and in 
1843, Messrs. Johnson, Cammell, and Co. received the medal of the Scottish Society 
of Arts for perfecting Sir J. Robison's scheme. The accompanying woo^ cuts, 
which are representations of the file-cutting machine of Mr. W. Shilton of Birmingham, 

will show the general principle 
^ upon which those machines are cou- 

blSJa In order to render this invention 

rQ pjje: ■ better understood, two views of the 

i, F apparatus for producing the cross- 

TTxL ' out or teeth of the files, are given. 

Fig. 749 is an elevation of the 
/ rt-SI L upper part of the file-cutting mn- 
chiue, as seen on one side ; jig. 750 
I F^ - m "I iH a pl ftn or horizc *tal view, as the 

\[EnJp r YvjJI 1 machine appears on the top. 

^ ‘®1 .. .I fti l, _ a, is the head of the tilt hammer 

LTi "■ 1 placed in the end of the lever 5, 

which is mounted, on an axle c, 

V r * turning in proper bearings in the 

frame woik ofthe machine ; d, is the 
tilt wheel mounted on another axle 
«, also turning in bearings on the 
frame work of the machine, and having any required number of projections or tap- 
pets upon It for depressing the tail or shorter end of the hammer or tilt lever A 
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The tilt wheel <2, receives its rotatory motion from the toothed wheel/, mounted 
upon the same axl£faid it takes into eear with a pinion g, upon the main shaft k t 
which is actuated by a band passed 
from any first mover to the rigger 
on its end, or in any other conve- 
nient manner. The bed upon which 
the blank piece of steel boars is 
marked t. This bed is firmly snp- 
]K>rted upon masonry placed npoa 
proper sleepers: j, is one of the 
blank pieces of steel under opera- 
tion, and is show n secured in the pair 
of jaws or holding clamps k, mounted 
on centre pins in the slide l, fig. 750, 
which slide is held down by u spring 
and slide beneath, and is moved 
backwards and forwards in the ma- 
chine upon the (v) edges m m, of 
the frame, by means of the rack n 
and its pinion; the latter bring 
mounted ujion the axle of the ratchet 
wheel p t and which ratchet wheel 
is made to turn at intervals by means of the poll q , upon the end of the lever r, 
fig. 750. This lever is depressed, after every cut has been effected upon the blank by 
means of the teeth or tappets of the wheel s, coming in contact with the inclined plane 
t, upon the lever r. The tappet wheel s, is mounted upon the end of the axle e. of 
the tilt wheel, and consequently revolves with it, and by depressing the lever r, every 
time that a tooth passes the inclined plune f, the click q, is made to drive the ratchet 
wheel />, and thereby the advancing movement of the blank is effected after each 
blow of the tilt hammer. 

There is a strong spring u, attached to the upper side of the tilt hammer, its end 
being confined under an adjustihlc inclined plane v, mounted in the frame w, which 
inclined plane can be raised or lowered by its adjusting screws as required, to pro- 
duce more or less tension of the spring. 

A similar spring is placed on the under side of the tilt hammer, to raise and sustah: 
the cutter or tool clear of the bed after every blow', and in conjunction with safety 
holders or catchers, to counteract any vibration or tendency the spring «, may have 
to cause the hammer to reiterate tlie blow. 

The end of the lower spring nets on an inclined plane, mounted in the frame ac, 
which has an adjusting screw similar to u, to regulate the tension of the spring. 

In case the under spring should raise, that is, return the hammer, with sufficient 
force or velocity to cause the top spring u, to reiterate the blow, the ends of the safety 
holders or catchers are nmde to move under and catch the tail of the lever 5, immedi- 
ately on its being raised by the under springs, which is effected by the following 
means:— ^The holders arc mounted upon a plate or carriage 1, fig 749, which turns 
upon a small pin or axle mounted in the ears of a cross bar ; the upper ends of the 
holders are kept inclined towards the tail of the tilt hammer by means of a spring 
fixed to the cross bar, and which acts upon one end of the plate or carriage. 

In order that the holders may be removed out of the way of the tail of the hammer 
5, when the tilt wheel is about to effect a blow, the tooth of the tilt wheel which 
last acted upon the hammer comes in contact w ith an inclined plane fixed on 
the plate or carriage 1, and by depressing that end or the plate, causes the upper 
ends of the holders to be withdrawn from under the tail of the hummer b. The 
tilt wheel continuing to revolve, the next tooth advances, and depresses the tail of the 
hammer, but before it leaves the tail of the hammer, the tooth last in operation will 
have quitted the inclined plane and allowed the spring to return the holders into their 
former position. «&fter the tooth has escaped from the tail of 5, the hammer will im- 
mediately descend and effect the blow fir cut on the blank, and as the tail of the 
hammer rises, it will come in contact with the inclined planes at the upper ends of the 
holders, and force them backwards; and as soon os the tail of the hammer has passed 
the top of the holers, the spring will immediately force the holders forward under 
the tail of the hammer, and prevent the hammer rising again until the next tooth 
of the tilt wheel is abontoto depress the end of tlie hammer, when the same move* 
meets of the parts will be repeated, and the mucliine will continue in operation until 
a sufficient length of the blank of steel (progressively advanced under the hammer) 
has been operated upon, when it will be thrown out of gear by the following means : — 

Upon the sliding bar 6, there is placed an odjustiblc stop, against which die fore- 
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most end of the slide l l,fiy. 750, comes in contact as it is moved forward by the rack 
n v and its pinion. The sliding bur A, is connected at its left end to the bent lever 8, 
the other end of this lever being formed int£r a forked arm, which embraces a clutch 
upon the main shaft, and as the slide / continues to ad\ance, it will come in contact 
with a stop ; and when it has brought a sufficient length of the blank pieces of steel 
under the operation of the cutting tool, the slide /, in its progress, will have moved 
that stop and the bar 6 forward, and that bar, by means of the bent lever 8, will with- 
draw the diutch on the main shaft, from locking into the boss of the fly-wheel, and 
consequently stop the further progress of the machine ; the rigger and fly-wheel 
turning loosely upon the main shaft. 

The cut file can now be removed from out of the clamps, and reversed to cut tlio 
other side, or another blank piece put in its place ; and after throwing back the pall 
o of the ratchet wheel p, the slide /, and with it the fresh blank, may be moved back 
into the machine by turning the winch handle, on the axle of the ratchet wheel the 
reverse way, which will turn the pinion backwards, and draw back the rack w, without 
affecting pny other parts of the machine ; and on moving back the hAr 6, by the 
handle 11, placed on the stop, tho clutches will be thrown into gear again, and the 
machine proceed to cut the next blank. 

When the blanks hpve been thus cut on one side, and arc reversed in tlie machine 
to form the teeth upon the other side, there should be a piece of lead placed between the 
blank and the bed to protect the fresh cut teeth. 

It will be seen that the position of the stop upon the bar 6, will determine the 
length or extent of the blank piece of steel which shall be cut or operated upon; and 
in order that the progressive movement of tlie blanks under the cutting tool may be 
made to suit different degrees of fineness or coarseness of the teeth (that is the dis- 
tance between the cuts), there is an adjusting screw upon the lever r, tlie head of 
which screw stops against the under side of an car projecting from the frame-work, 
and thereby determines the extent of the motion of the lever r, when depressed by 
the tappets of the wheel *, acting upon the inclined plane t, consequently determining 
the number of teeth the ratchet wheel p shall be moved round by the pall q ; and 
lienee the extent of motion communicated by the rack and pinion to the slide /, and 
the blank j, which regulates the distance that the teeth of the file are apart, and the 
lever r is forced upwards by a spring pressing against its under side. 

It will be perceived that the velocity of the descent of the hammer, and conse- 
quently the force of the blow, may be regulated by raising or lowering the inclined 
plane v of the spring u ; and in order to accommodate the bed upon which the blanks 
rest to the different inclinations they may be placed at, the part of the bed is formed 
of a semi-globular piece of hardened steel, which fits loosely into a similar concavity 
in the bed r, and is therefore capable of adjusting itself, so that the blanks shall he 
properly presented to the cutting tool, and receive the blow or cut in an equal and 
even manner ; or the piece of steel may be of a conical shape, and fit loosely in a 
similar shaped concavity. 

There are guides 16, placed on the top of the bed i, for the purpose of keeping the 
blanks in tbeir proper position towards the cutting tool, and these can be regulated 
to suit blanks of any width, by turning the right and left handed screw 17. There is 
also another adjustible stop on the jaws or clamps k which serves as a guide when 
placing the blankB within the jaws : and 19 is a handle or lever for raising tlie clamps 
when required, which has a weight suspended from it for the purpose of keeping down 
the blanks with sufficient pressure upon the bed. 

The cutting tool in the face of the hammer, can be placed at any required angle or 
inclination with the blank, it toing secured in the head of the hammer by clamps and 
screws. In cutting fine files a screw is employed in preference to the rack and 
pinion, for advancing the Blide /, and the blank piece of steel in the machine. 

Hardening the files. — This is the last and most important part of file making. 
Whatever may be the quality of the steel, or however excellent the workmanship if 
it is not well hardened all the labour is lost 

Three things are strictly to be observed in gardening ; first, to ffc* pare the file on 
the surface, so as to prevent it from being uxidated by the atmosphere when the 
file is red hot, which effect would not only take off the shurpness of the tooth, hut 
render the whole surface so rough that the file- would, in a little time, become 
clogged with the substance it had to work, Secondly, the heat* ought to be very 
uniformly red throughout, and the water in which it is quenched, fresh and cold, 
for the purpose of giving it the proper degree of hardness. • LastlJ, the manner of 
immersion is of great importance, to prevent the files from warping, which in lonir 
thin files is very difficult 

The first object is accomplished by laying a substance upon the file, which when 
it lutes, forms as it were, a varnish upon the surface, defending the metal from the 
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action of the oxygCff of the air. Formerly the process consisted in first coating the 
surface of the fife with ale grounds, and Ihen covering it over with pulverised common 
salt (muriate of soda). After this coating became dry, the files were heated red hot, 
and hardened ; after this, the surface was lightly brushed over with the dust of cokes, 
when it appear white and metallic, as if it had not been healed. This process has 
lately been improved, at least so far as relates to the economy of the salt, which from 
the quantity used, and the increased thickness, had become a serious ohjbct Those 
who used the improved method are now consuming about one fourth the quantity of 
salt used in the old method. The process consists in dissolving the salt in water 
to saturation, which is about three pounds to the gallon, and stiffening it with ale 
grounds, or with the cheapest kind of flour, such as that of beans, to aliout the con- 
sistence of thick cream. The fileB required to be dipped only into this substance, and 
immediately heated and hardened. The grounds or the flour arc of no other use, 
than to give the mass consistence, and by that means to allow a larger quantity of tt 
salt to he laid npon the surface. In this method, the salt forms immediately a firm 
coAting. As Boon as the water is evaporated, the whole of it becomes fused upon tin- 
file. In the old method the dry salt was so loosely attached to the file, that the 
greatest part of it was rubbed off into the fire, and was suborned np the chimney, 
without producing any effect, 

The carbonaceous matter of the ale grounds is snpposed to have some effect in give 
ing hardness to the file, by combining with the steel, and rendering it more high y 
carbonated. It will be found, however, upon experiment, that vegetable carbon does 
not combine with iron, with sufficient facility to produce any effect, in the short space 
of time a file is heating for the purpose of hardening. Some file makers are in the 
habit of using the coal of burnt leather, which doubtless produces some effect ; hut 
the carbon is generally so ill prepared for the purpose, and the time of its operation 
so short, as to render the result inconsiderable. Animal carbon, when propeily pre- 
pared and mixed with the above hardening composition, is capable of giving hardness 
to the surface even of an iron file. 

This carbonaceous matter may be readily obtained from any of the soft parts of 
animals, or from blood. For this purpose, however, the refuse of shoemukci-s and 
curriers is the most convenient. After the volatile parts have been distilled over, 
from an iron still, a bright shining coal is left behind, which, when reduced to powder, 
is fit to mix with the salt, tat about equal parts, by bulk, of this powder* and 
muriate of soda be ground together, and brought to the consistence of cream, by the 
addition of water. Or mix the powdered carbon with a saturated solution of the salt, 
till it become of the above consistence. Files which are intended to be very hard, 
should be covered with this composition, previous to hardening. All files intended 
to file iron or steel, particularly saw files, should be hardened with the aid of this 
mixture, in preference to that with the flour or grounds. Indeed, it is probable, that 
the carbonaceous powder might be used by itself, in point of economy, since the 
nmmonia or hartshorn, obtained by distillation, wonld be of such value as to render 
the coal of no expense. Hy means of this method the files made of iron, which in it- 
self is unsusceptible of hardening, acquired a superficial hardness sufficient for any 
file whatever. Such files may, at the same time, be bent into any form ; and, in con- 
seouence, are particularly useful for sculptors and die-sinkers. 

The next point to be considered is the best method of heating the file for hard- 
ening. For this purpose a fire, similar to the common smith’s fire, Is generally 
employed. The file is held in a pair of tongues hy the tang, and introduced into 
the fire, consisting of very small cokes, pushing ifc more or less into the fire for 
the purpose of heating it regularly. It must frequently be withdrawn with a view 
of observing that it is not too hot in any part When it is uniformly heated, from 
the tang to the point of a cherry red colour, it is fit to quench in the water. At 
present an oven, formed of fire-bricks, is used for the larger files, into which the 
blast of the bellows is directed, being open at one end, for the purpose of introduc- 
ing the files and* the fuel. Near to^the top of the oven are placed two cross bars 
on which a few files are placed, to be partially beating. In the hardening of heavy, 
files, this contrivance affords a considerable saving, in point of time, while it permits 
them also to be more uniformly and thoroughly heated. 

After the file is properly heated for the purpose of hardening, in order to produce 
the greatest possible hardness, it should be cooled as soon as possible. The most 
common methcftl of effecting this is by quenching it in the coldest water. Some file- 
makers have been in the habit of putting different substances in their water, with a 
view to increase its hardening property. The addition of sulphuric acid to the water 
was long held a great secret in the hardening of saw fileB. After all, however, it will 
be found that clear spring water, free from animal and vegetable matter, and as cold 
as possible, is the best calculated for hardening files of every description. 
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In quenching the files in water, some cantion must be observed? All files, except the 
half-round, should be immersed perpendicularly, as quickly as possible, so that the 
upper part shall not cooL This management prevents the file from waxping. The 
half-round file must be quenched in the same steady manner ; but, at the same time 
that it is kept perpendicular to the surface of the water, it must be moved a little 
horixontally, in the direction of the round side, otherwise it will become crooked 
backwards.^. 

After the files are hardened, they are brushed over with water, and powdered cokes, 
when the surface becomes perfectly clean and metallic, They ought also to be washed 
well in two or three clean waters for the purpose of carrying off all the salt, which, if 
allowed to remain, will be liable to rust the file. They should moreover be dipped 
into lime-water, and rapidly dried before the fire, after being oiled with olive oil, 
containing a little oil of turpentine, while still warm. They are then finished. 

FILLIGREE ( Filigrane , Fr. ; Filigrmt , or Ftine Draliigcjlccfit , Germ.) is, as tho 
last term justly expresses it, intertwisted fine wire, used for ornamenting gold and silver 
trinkets. The wire is seldom drawn round, bnt generally flat or angular ; and sol- 
dered by gold or silver solder with borax and the blowpipe. The Italian word, 
filigrana, is compounded of fdum and granum , or granular net- work ; because the 
Italians, who first introduced this style of work, placed small beads upon it 

FILTRATION (Eng. and Fr. ; Filtrireu, Germ.) is a process purely mechanical, 
fbr separating a liquid from the undissolved particles floating in it, which liquid may 
be either the useful part, as in vegetable infusions, or of no use, ns the washings of 


mineral precipitates. The filtering substance may consist of any porous matter in a 
solid, foliated, or pulverulent form ; as porous curthenware, unsized paper, cloth of 
many kinds, or sand. The white blotting paper sold by the stationers answers ex- 
tremely well for filters in chemical experiments, provided it be previously washed with 
dilute muriatic acid, to remove some lime and iron that are generally present in it. 
Filter papers arc first ent square, and then folded twice diagonally into the shape of a 
cornet, having the angular parts rounded off. Or the piece of paper being cut into a 
circle, may be folded fan-like from the centre, with the folds placed exteriorly, and 
turned out sharp by the pressure of the finger and thumb, to keep intervals between 
the paper and the funnel into which it is fitted, to favour the percolation. The diameter 
of the funnel should be about three-fourths of its height, measured from the neck to 
the edge. If it be more divergent, the slope will be too small for the ready elllux of 
the fluid. A filter covered with the sediment is most conveniently washed by spouting 
water upon it with a little syringe. A small camel’s hair paint brush is much employed 
for collecting and turning oyer the contents in their soft state. Agitation or vibration 
is of singular efficacy in quickening percolation, os it displaces the particles of the 
moistened powders, and opens np the pores which had become closed. Instead of a 
funnel, a cylindrical vessel may be employed, having its perforated bottom covered 
with a disc of filtering paper folded up at the edges, and made tight there by a wire 
ring. Linen or calico is used for weak alkaline liquors ; and flannels, twilled woollen 
cloth, or felt- stuff for weak acid ones. These filter bogs are often made conical like a 
mmm 0 fool's cap, and have their mouths supported by a'woodcn 

71 O or metallic hoop. Cotton wool put loose into the neck of 

/ I a funnel answers well for filtering oils upon the small 

[ A | | scale. In the large way, oil is filtered in conical woollen 

\ y m . ■ . JLL bags, or in a cask with many conical tabes in its bottom, 
filled with tow or cotton wool. Stronger acid and nlkaliue 
V. —/ Vr 1 *" liquors must be filtered through a layer of pounded glass', 

Vf/ qirrt/ cle&n sand, or bruised charcoal. The alcarrhazus 

fj arc a porous biscuit of stone ware made in Spain, which 

vr-rr^ 7 are convenient for filtering water, as also the porous filtering 

N&U \jjff stone of Tencriffe, largely imported into England at one 

jj time, bnt now superseded in a great measure by the arti- 

ficial filters patented under many forma, consisting cssen- 
' - ■% tialljr of strata of gravel, sand, and charcoa 1 powder. 

1 It is convenient to render the filter self-acting, by accom- 

!■■■» I modating the supply of liquid to the rate of percolation, so 

I that the pressure upon the porous surface may be always 

_ equally great. Upon the small scale, the lamp-fountain or 

--j bird's-glass form so generally used for lamps, will be found 

to answer. 

t — i r — t — 1 Fig . 751, represents a glass bottle a, partly filled with 

the fluid to be filtered, supported in the ring of a chemical 
■tand, and having its mouth inverted into the same liquor in the filter ftinnel. It is 
obvious, that whenever this liquor by filtration foils below the lip of the bottle, air 
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▼ill enter into it,»Wt down a fresh supply to feed the filter, and keep the funnel re- 
gularly charged. If larger quantities ^re to be operated upon, the fbllowing appa- 
ratus may be employed. Fig . 752, A n, is a metallic 
vessel which may be made air-tight ; c is the under 
pipe provided with a stopcock b, for letting down 
the liquor into the filter a b. The upper pipe t, through 
which the fluid is poured by means of the funnel k, 
has also a stopcock which opens or shuts, at the same 
time, the small side tube u t, through which, during 
the entrance of the fluid, the air is let off from the 
receiver. A glass tube < 7 , shows the level of the 
liquor in the body of the apparatus, fn using it, the 
cock r must be first closed, and the cock s must be 
opened to fill the receiver. Then the filter is set a 
going, hy rc-opening the cock n, so as to keep the fluid 
in the filter upon a level with the opening of the tube a 
Doth these pieces of apparatus are essentially the same. 

In many manufactures, self-acting filters are fed by 
the plumber’s common contrivance of a ball-cock in 
which the sinking and rising of the ball, within ccrtuin 
limits, serves to open or shut off the supply of liquor 
as it may be required or not Dumont has adopted 
this expedient for his system of filtering syrup through 
a stratum of granulnrly ground animal charcoal or 
bone-black. Fig. 758, is a front view of this apparatus 
with 4 filters c ; and Jig. 754 is a cross section. The 
framework b supports the cistern a, in which the syrup 
is contained. From it the liquor flows through the 
stop-cock 5, and the connection-tube a, into the common 
pipe c , which communicates, by the short branch tubes e, with each of the four filters. 
The end of the branch tube, which is inside of the filter tub, is provided with a siop- 
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sock df 9 whose opening, and thereby the efflux of the liquor from the cistern through 
the tithe a, is regulated by means of the floating-ball g. Upon the brickwork D the 
filter tub stands, furnished at h 
with a false bottom of zinc or 
copper pierced with fine holes } be- 
sides which, higher np at 1 there is 
another snch plate of metal fur- 
nished, with a strong handle k, by 
which it may lj? removed, when the 
bone-black needs to bo changed. • 

In the intervening space /, the 
granular coal is placed, o is the 
cover of the filter tub, with a 
handle also for lifting it One por- 
tion of it ma? be raiged by a hinge, 
when it is desired to inspect the 
progress of the filtration within, 
m m is a slender vertical tube, forming a communication ]>etwecn the bottom part a, 
and the upper portion of the filter, to admit of the easy escape of the air from that 
space, and from among the bone-black as the syrup descends \ otherwise the filtration 






996 


FILTRATION. 


conld not go on. p is the stopcock through which the flukl collected in the 
space under A is let off from time to time inro the common pipe q , jig. 753. r is 
a trickling channel or groove lying parallel to the tube q , and in ‘which, by means 
of a tube «, inserted at pleasure, the syrup is drawn off in case of its flowing in a 
turbid state, when it must be returned over the surface of the charcoal 

The celerity with which any fluid passes through the Alter depends, — 1, upon the 
porosity of tks filtering substance ; 2, upon the pressure exercised upon it ; and 3, upon 
the extent of the filtering surface. Fine powders in a liquor some what glutinous, or 
closely compacted, admit of much slower filtration than those which are coarse and 
free ; and the former ought, therefore, to be spread in a thinner stratum and over a 
more extensive surface than the latter, for equal effect ; a principle well exemplified iu 
the working of Dumont’s apparatus, just described. 

In many cases filtration may be accelerated by the increase of hydrostatic or pneu- 
matic pressure. This happens when we close the top of a filtering cylinder, and con- 
nect it by a pipe with a cistern of fluid placed upon a higher level. The pressure of the 
air may be rendered operative also either by withdrawing it partially from a close 
vessel, into which the bottom of the filter enters, or by increasing its density over the 
top of the liquor to lie filtered. Either the air pump or steam may be employed to 
create a partial void in tlfe receivei beneath the filter. In like manner, a forcing pump 
or steam may be employed to exert pressure upon the surface of the filtering liquor. A 
common siphon may, on the same principle, be made a good pressure filter, by making 
its upper leg trumpet- shaped, covering the orifice with filter paper or cloth, and filling 
the whole with liquor, the lower leg being of such length so as to create considerable 
pressure by the difference of hydrostatic level. This apparatus is very convenient 
either on the small or great sculc, for filtering off a clear fluid from a light muddy 
sediment The pressure of the atmosphere may he elegantly applied to common filters, 
by the apparatus represented in Jig. 755, which is merely a funnel enclosed within a 
gasometer. The case a b bears an annular hollow vessel a A, 
filled with water, in which receiver the cylindrical gasometer, 
d, e,f, i, is immersed. The filter funnel c is seenred at its 
upper edge to the inner surface of the annular vessel a h. In 
consequence of the pressure of the gasometer regulated by the 
weight g , upon the air inclosed within it, the liquid is equally 
pressed, and the water in the annular space rises to a corre- 
sponding height on the outer surface of the gasometer, as shown 
in the figure. Were the apparatus made of sheet iron, the an- 
nular space might be charged with mercury. 

In general, relatively to the application of pressure to filters, 
it may be remarked, that it cannot be pushed very far, without 
the chance of deranging the apparatus, or rendering the filtered 
liquor muddy. The enlargement of the surface is, generally 
speaking, the safest and most efficacions plan of increasing the 
rapidity of filtration, especially for liquids of a glutinous nature. This expedjeut is 
w ell illustrated in the creased bag filter now in use in most of the sugar refineries of 
London. Sec Sugar. 

' In many cases it is convenient so to construct the filtering apparatus, as that the 
liquid shall not descend, but mount by hydrostatic pressure. This method has two 
advantages : 1. that without much expensive apparatus, any desired degree of hydro- 
static pressure may be given, as also that the liquid may be* forced up through several 
filtering surfaces placed alongside pf each other; 2. that the object of filtering, which 
is to separate the particlcR floating .n the fluid without disturbing the sediment, may 
be perfectly attained, and thus very foul liquids be cleared without greatly soiling the 
filtering surface. 

Such a construction is peculiarly applicable to the purification of water, either alone, 
or combined with the downwards plan of filtration. Of the former variety an example 
is sliowu in fig. 756. The wooden or zinc conical vessel is provided «w 8, h two per- 
forated bottoms or sieves e e, betwixt which the filtering substance is packed. Over 
this, for the formation of the space h A, there is a third shelf, with a hole in its middle, 
through which the tube d A is passed, so as to he water tight. This places the upper 
open part of the apparatus in communication with tlic lowest space a. From the com- 
partment A A a small air tube / runs upwards. The filtering substance consists at bottom 
of pebbles in the middle of gravel, and at the top of fine sand, wAich ntoy he mixed 
with coarsely ground bone-black, or covered with a layer of the same. The water to 
he filtered being poured into the cistern at top, fills through the tube h d the inferior 
compartment a, from which the hydrostatic pressure forces the water upward through 
the perforated shelf, and the filtering materials. The pure water collects in the space 
A A, while tlu*air escapes by the small tube /, as the liquid enters. The stopcock t serves 
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to draw off the filfered water. As the motion of the fluid in the filter is slow, the par- 
ticles suspended in it have time to sutyfde by their own gravity ; hence there collects 
over the upper shelf at fZ, as 757 y 66 

well as over the under one at a " 

n, a precipitate or deposit which 
may be washed oat of the latter 
cavity by means of the stop- 
cock m. 

As an example of an upwards , 
and downwards filter, Jig . 757 
nmy be exhibited, a n c d is 
a wooden or metallic cistern, 
furnished with the perforated 
shelf c d near its under part, 
upon which a vertical partition 
is fixed through the axis of the 
vessel. A semicircular perfo- 
rated shelf is placed at a, and a 
second similar one at b . These 
horizontal shelves rest upon 
brackets in the sides of the cisterns, so that they may be readily lifted out. ’ The space 
v is filled with toarse sand, j with moderately fine, and n with very fine. The foul 
water is poured into the chamber b, and presses through ojh and into the space f, 
whence it may be drawn by the stopcock/. 

rig. 758 represents in section a filtering apparatus consisting of two concentric 
cliomlters ; the interior being destined for downwards filtration, and the exterior for 
upwards. Within the larger cistern a, a smaller one B is placed concentrically, with 
it* under part, and is left open from distance to distance, to make a communication 
lietween the interior cavity and the exterior annular space. These cavities are filled 
to the marked height with sand and gravel. The inner cylindrical space has fine 
sand below, then sharper sand with granular charcoal, next coarse sand, and lastly 
gravel The annular space has in like manner fine sand below. The foul water is 
introduced by the pipe e. the orifice at whose end is acted upon by a ball-cock with 
758 



its lever a ; whereby tlie water is kept always at the same level in the inner vessel 
The water sinks through the sand strata of the middle vessel, passes outwards at its 
bottom into the annular space, thence np through the sand in it, and collecting above 
it, is let off by the stopcock on the pipe b. When a muddy deposit forms after some 
time, it may be easily cleared out* The cord c, running over the pulleys.//, being 
drawn tight, the ball lever will shut up the valve. The stopcock d made fast to the 
conducting tube e must then be opened, so that the water now overflows into the 
annular spucc^atA ; the tube c, in communication with the inner space n, being opened 
by taking out the stopper h. The water thereby i*ercolates through the sand strata in 
the re verse «d irecti^n of its usual course, so as to clear away the impurities in tlie 
space b, and to discharge them by the pipe c h. An apparatus of this Kind of 
moderate size is capable of filtering a great body of water. It should be con- 
structed for thut purpose of masonry ; but upon a small scale it may be made of 
stone-ware. 

A convenient apparatus for filtering oil upwards is represented in Jig. 759. g is an oil 
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cask, in which the impure parts of the oil have accumulated overdLe bottom. Imme- 
diately above this, a pipe a is let is, which communicates with an elevated water cistern 
a. / is the filter (placed on the lid of the cask), furnished with two perforated shelves, 
one at e and another at d; which divide the interior of the filter into three com- 
partments. Into the lower space immediately over the shelf e, the tube b, tarnished 
with a stopcock enters, to establish a communication with the cask ; the middle cavity 
e is filled with coarsely ground charcoal or other filtering materials ; and the upper 
one has an eduction pipe /. When the stopcocks of the tubes a and b are opened, the 
water passes from the cistern into the oil cask, occupies from its density always the 
lowest place, and presses the oil upwards, without mixing the two liquids ; whereby first 
the upper and purer portion of the oil is forced through the tube b into the filter, and 
thence out through the pipe /. When the fouler oil follows, it deposits its impurities 
in the space under the partition <?, which may from time to time be drawn off through 
the stopcock k, while the purer oil is pressed upwards through the filter. In this way 
the different strata of oil in the cask may be filtered off in succession, and kept separate, 
if found nectssary for sale or use, without running any risk of mixing up the muddy 
matter with what is clear. According to the height of the water cistern n, will be the 
pressure, and of course the filtering force. When the filter gets choked with dirt, it 
may be easily re-charged with fresh materials. 

It has been for many years the custom of the water companies to send the water taken 
from the river through filter beds, prepared usually of sand and gravel. It was long 
thought that the effect of these filter beds was merely to separate th£ solid insoluble 
matters snspended in the water. It has, however, been shown by the investigations of 
the late Mr. Henry M. Witt (a chemist of peculiar promise, lost too soon to science, 
and ere yet the world could recognise his powers), that these filter beds had the power 
of separating many of the dissolved substances from the water ; that, in fact, the soluble 
salts of lime, and the like, were removed by some peculiar physico-mechanical force, 
resident, as it appears, as a surface force, in all porous masses. There arc many very 
remarkable examples in nature of the operation of this power in producing beds 
charged with metalliferous matter, some of which will be described under the head of 
Mining. 

Mr. H. M. Witt communicated to the Philosophical Magazine for December, 1856, ail 
account of some experiments on filtration, which ucc of much value. Many of his 
experiments were made at the Chelsea Water Works, and they appear of such interest 
that we quote the author’s remarks to some extent. 

“ The system of purification adopted by the Chelsea Waterworks, at their works at 
Chelsea, consisted hitherto (for the supply has by this time commenced from Kings- 
ton) in pumping the water up out of the river into subsiding reservoirs, where it re- 
mained for six hours ; it was then allowed to run on to the filter-beds. These are 
large square beds of sand and gravel, each exposing a filtering surface of about 270 
square feet, and the water passes through them at the rate of about gallons per 
square foot of filtering surface per hour, making a total quantity of 1687*5 gallons per 
hour through each filter. 

“ The filters are composed of the following strata, in a descending order : — * 


1. Fine sand --2 6 

2. Coarser sand - - - - - - -10 

3. Shells ........ 06 

4. Fine gravel - - - - - - - 0 3 


5. Coarse gravel - - - - - - 33 

These several layers of filtering materials are not placed perfectly flat, but are dis- 
posed in waves, and below the convex curve of each undulation is placed a porous 
earthenware pipe, which conducts the filtered water into the mains for distribution 
The depth of water over the sand was 4 feet 6 inches. The upper layer of sand is 
renewed about every six months, but the body of the filter has been muse for about 
twenty years. • 

“ Samples of water were taken and submitted to examination:— 

“ 1st, from the reservoir into which the water was at the time being pumped from 
the middle of the river. 

“ 2nd, from the cistern, after subsidence and filtration. 1 ’ • 

Experiments were made at different seasons of the year; but one of Mr Witt’a 
table*»will sufficiently show the results. ^ 

1. Shows the quantities of the several substances originally present, represented in 
grains, in the imperial gallon (70,000 grains) of water. 

2. The amount present after filtration. 

3. The actual quantities separated in grains in the gallon of water. 
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4. The per cartage ratio which the amounts separated hear to the quantities 
originally present. # 



1. 

Originally 

present. 

2. 

After filtration. 

3. 

Amount 

separated. 

4 . 

Per centage ratio 
of separated 
Mutter. 

Total solid residue, includ- 
ing suspended matter - 

5560 

22-85 

32*75 

58-90 

Organic matter 

4*05 

1-349 

2 70 

66*66 

Total mineral matter 

51-55 

21-501 

30-049 

58-29 

Suspended matter - 
Total dissolved salts 

28‘93 

2-285 

26*645 

9210 

22 62 

19-216 

3*404 

1504 

Lime .... 

8'719 

8‘426 

0293 

3-36 


“ Ft has been assumed as a principle tftat sand filtration can only remove bodies 
mechanically suspended in water, but I am not aware thq£ this statement has heen 
established by experiment; in fact, I am not acquainted with any published analytical 
examination of the effects of sand filtration. 

“ These experiments supply the deficiency, and show, moreover, that these porous 
media are not only capable of removing suspended matter (80 to 92 per cent.), but 
even of separating a certain appreciable quantity of the salts from eolation in water, 
vise, from 5 to 15 per cent of the amount originally present, 9 to 19 per cent of the 
common salt, 3 per cent of the lime, and 5 of the sulphuric acid. 

“ Taking the purer water from Kingston, two experiments were made simultaneously 
with the same water, one filtration being through charcoal alone, and the other through 
sand aloue, the sand filter having an area of 4 square feet, and consisting of the 
following materials : — 

ft. in. 

Fine sand ----.-.-19 

shells n 

(j ravel - - lj 

Coarse gravel ------- - 9 

2 9 

lies ulls of Sand Filtration. 


• 

Original 

Water 

IU«1. 

After tunin' » Man. 

After 120 hour.' action. j 

Comparison. 

Amount 

ittparaLuL 

Prr carnage 
of Quantity 
nqiarutnl. 


Amount 

wi«ral«i. 

I’cr rentage 
ratio of 
Qiiantit. 
wionittl. 

Total residue 

Vim-ral salts - 
Organic, matter 

Suspended matter - 
Chlorine - 

Chloride of Sodium 

24*78 

23T.W7 

imior. 

3*509 

0*862 

1-420 

23-87 

22*858 

1012 

2-GG3 

0708 

0*829 

’ 0-84G 

2*88 

3-50 

’24-109’ 

23 69 
23-01 
0G48 

0-671 

1105 

0-888 

0 647 
0-2426 

0191 

0-315 

3*613 

2-73 

2216 

22 11 



After 210 hour.’ option. 

After 37C hour.* a 

ctkm. 

Total residue 

Mineral sails • 

Organic matter 

Husprndcd matter - 
Chlorine ... 

Chloride of Mkliura 

24*578 

23 687 
0*8906 
3-509 
0-862 
1-420 

22M34 

21*517 

0- 917 

1- ss 

0- 674 

1- 110 

2 041 
2*170 

" 1-629* 

0 188 
0310 

84!G 

9161 

"46-123’ 

21 H 

21-8 

22507 

21-698 

0-809 

1*584 

2-071 

1*989 

1*925 

8126 

8-317 

54*85 


Apart from its special interest, as compared with the following experiment, made 
simultaneously through charcoal, the following points are in themselves remarkable 
in tlic results obtained by this filtration through sand : — 

M 1 st r IJiat tin* filter continued inc rearing in efficacy even till the conclusion of the 
experiment, i. e., Tor 376 hours, not having lost any of its power when the experiment 
was terminated. _ 

44 2 nd. That no weighable quantity of dissolved organic matter was removed by the 
sand in this experiment; but it must bo remembered tbat the quantity originally 
present was but small. 
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“ 3rd. Its power of removing soluble salts was considerable ; as ^maximum, 21 per 
cent, of the common salt being separated. ” ✓ 


Results of Charcoal Filtration. 


1. 

VS? 

OMd. 

Aft or 72 hour,’ action. 

After 120 boon* action. j 

Comparison. 

Amount 

separated. 

Quantity 

separated. 

9 

Amount 

separated. 

Par rentage 
ratio or 

J&2JZ 

Total residua - 


24-678 

28*18 

3*448 

9*906 

21*644 

2-934 

11-93 

Mineral salts - - 


83-687 

SI -876 


9-7 f, 




Organic matter - 


08906 

0*765 


15-22 




Suspended matter - 


8-609 


m 

m _ 

3*06 

0*449 

12*79 

Chlorine 


0-8G9 


MU 





Chloride of Sodium 


1-480 


m 





e- 


After 240 hoars’ action. 

After 376 hour* action. 

Total residue 


24 678 

80 821 

8757 

15-28 

21-374 

3-204 

13-03 

Mineral salts - 


23-15*7 

• 

- 

. 

20-604 

3033 

12-34 

Organic matter 


08906 

• 

. 

. 

0*770 

0*1106 

13-54 

Suspended matter - 


3'609 

2-79 

0*719 

20-48 




Chlorine 


0 862 







Chlorldo of Sodium 


1-420 








On comparing this experiment with the preceding, the following point comes out 
as showing the difference between the effects of sand and charcoal as filtering 
media. 

By the charcoal, speaking generally, a considerably larger quantity of the total 
residue contained in the water was removed than by the sand, their maximum results 
being respectively as follows : — 


Amount originally 
present 

Amount separated in Grains In the 
Gallon. 

Amount separated in per centage of 
the Quantity prescut. 

By Saud. 

By Charcoal. 

By Sand. 

By Charcoal. 

24*578 grs. ini 
the gallon J 

2074 

3757 

8*426 

15*28 


Mr. Way has also shown that agricultural soil possesses the power of separating 
the soluble salts and organic matter from water in a remarkable manner. There 
are without donbt many natural phenomena which are immediately dependent 
upon this power, possessed by porous bodies of all kinds, in a greater or a less 
degree. 

FIRE ANNIHILATORB. This name is given to a portable machine invented 
by Mr. Phillips, which is adjusted to produce the immediate production of steam, 
carbonic acid and other gases, which could be at once directed on the burning 
mass. The machine is cylindrical in form, and slightly conical. For use it is charged 
with the following composition *. charcoal 20 parts, nitrate of potash GO parts, and 
gypsum 5 parts. These materials are boiled together in water, and afterwards dried 
in a stove at the temperature of 1 f . )°. The whole is moulded into the form of a 
brick, down tbc axis of which penetrates a hollow cavity for the reception of a bottle, 
which contains a mixture of chlorate of potash and sugar, surmounted by a globule 
of sulphuric acid. The charge so prepared is placed in a cylindrical vessel, j>er- 
forated in many places, which is itself within another cylindrical vessel, also per- 
forated for the passage of the gases j both these are contained in a douhlg cylindrical 
receiver, the lower part of which contains a quant’iy of water. The uppurutu8 is 
closed by two covers, in the outer of which is an opening for the escape of the va 
pour. In the centre of the cover is placed a spike, for the purpose of breaking the 
gloss bottle deposited in the cavity of the charge. The spike being forced down 
breaks the bottle, and the sulphuric acid causes the instantaneous combustion of the 
chlorate of potash and sugar, which fires the charge. The guses now escape through 
the perforations, and heating the air in the water chamber, and causing it to expand, 
forces the water np a tubular passage into the space between and around the cylin- 
drical vessels placed each within each, and being thus converted into vapour, mixes 
with the gases, and escapes by the discharge tube, forming a dense cloud, which 
rapidly extingijjslics flame. 
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FIRE ARMS, Manufacture of. This art is divided into two branches, that of 
the metallic, amWiat of the wooden work. The first includes the barrel, the lock, and 
the mounting, with the bayonet and f ramrod, for military arms. The second com- 
prises the stock, and in fowling-pieces likewise the ramrod. 

The Barrel — Its interior is called the bore ; its diameter, the calibre; the back 
end, the breech ; the front end the mussle ; and the closing of the back end, the breech 
pin or plug. The barrel is generally made of iron. Most military musquets and 
low-priced guns were formerly fashioned out of a long slip of sheet- iron folded to- 
gether edge- wise round a skewer into a cylinder ; they were then lapped over at the 
seam, and welded at a white heat The most ductile and tenacions soft iron, free from 
all blemishes, must be selected for this slip. It is frequently welded at the common 
forge, hut a proper air-furnace answers better, not being so apt to burn the iron, 
which should be covered with ashes or cinders. The shape of the bore is given by 
hammering the cylinder upon a steel mandril, in a groove of the anvil Six inches of 
the barrel at either end arc left open for forming the breech and the muzzle hy a sub- 
sequent welding operation ; the extremity put into the fire being stopped with c]^y 9 
to prevent the introduction of cinders. For evory length of two inches, there are 
from two to three welding operations, divided into alternating high und low heats; 
the latter being intended to correct the defects of the former. The breech and muzzle 
are not welded ii]K>n the mandril, hut upon the horn of the anvil ; the breech being 
thicker in the metal, is more highly heated, and is mode somewhat wider to save 
labour to the lx>rcr. The baiTcl is finally hammered in the groove of the anvil with- 
out the mandril, during which process it receives a heat every two minutes. In 
welding, the barrel extends about one-tliird in length ; und for musquets, is even- 
tually left from 3 to feet long ; but for cavalry pistols, only 9 inches. 

The best iron plates for gun-barrels are those made of stub iron, that is of old 
horse- shoe nails welded together, and forged into thin bars, or rather narrow ribands. 
At one Umv damascus barrels were much in vogue; they were fashioned either as above 
described, from plates made of bars of iron and steel laid parallel, and welded together, 
or from ribands of the same daiuuscus Rtuff coiled into a cylinder at a red heat, and then 
welded together at the seams. I 1 he best modern barrels for fowling-pieces and the 
modern rifles are constructed of stub-nail iron in this manner. The slip or fillet is 
only half an inch broad, or sometimes lets, and is left thicker at the end which is to 
form the breech, and thinner at the end which is to form the muzzle, than in the 
intermediate portion. This fillet being moderately heated to increase its pliancy, is 
then lapped round the mandril in a spiral direction till a proper length of cylinder is 
formed ; the edges being made to overlap u little in order to give them a better hold 
in the welding process. The coil being taken ofF the mandril and again heated, is 
struck down vertically with its muzzle end upon the auvil, whereby the spiral junc- 
tions are made closer and more uniform. It is now welded at several successive heats, 
hammered by horizontal strokes, called jumping , and brought into proper shape on the 
mandril. The finer barrels are made of still narrower stub-iron slips, whence they 
get the name of wire twist On the continent, some barrels are made of steel wire, 
welded together lengthwise, then coiled spirally into a cylinder. Rarrels that are 
to In* rifled, require to be made of thicker iron, and that of the very best quality, 
for they would be spoiled by the least portion of scale upon their inside. Soldiers* 
musquets are thickened a little at the muzzle, to give a stout holding to the bayonet 

The barrels thus made are annealed with a gentle heat in a proper furnace, and 
slowly cooled. They arc now ready for the borer, which is an oblong square bit of 
steel, pressed in its rotation against the barrel by a lip of wood applied to one of its 
flat sides and held in its place by a ring of metal. The boring bench works horizon- 
tally, and has a very shaky appearance, in respect at least of the bit In some cases, 
however, it has been attempted to work the barrels and bits at an inclination to the 
horizon of 30°, in order to facilitate the discharge of the borings. The barrel is held in 
a slot by only one point, to allow it to humour the movements of the borer, which 
would otherwise be infallibly . 760 

broken. T l*s bit, os represented 
in fig. 7 GO, has ^merely its* 
square head inserted into a 
clamp-chuck of the lathe, and 
plays freely.th rough the rest of 
its length. 

Fig. 761 repjpsents in plan 
the boring bench for musquet 
barrels ; //is the sledge or 
carriage frame in which the barrel is supported ; a is the revolving chuck of the 
lathe, into which the square eud of the bit, fig. 760, is inserted; b is the barrel 
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clamped at its middle to the carriage, and capable of being pressed onwards against 
the tapering bit of the borer, by the bent lever c, worked by thenleft hand of the 
operative against falcrum knobs at d, which stand about two inches asunder. 
Whenever the barrel has been thereby advanced a certain space to the right, the bent 
r end of the lever is shifted against another knob or pin. The borer appears to a 
stranger to be a very awkward and unsteady mechanism, but its perpetual vibrations 
do not affect the accuracy of the bore. The opening broach may be of a square 
or pentagonal form ; and either gradually tapered from its thickest part, or of 
uniform diameter till within two inches of the end, whence it is suddenly tapered to 
a ]>oint 

A series of bits may be used for boring a barrel, beginning with the smallest and 
ending with the largest. But this multiplication of tools becomes unnecessary, by 
laying against the cutting part of the bit, slips of wood, called Bpales, of gradually 
increasing thickness, so that the edge is pressed by them progressively farther from 
the axis. The bore is next polished. This is done by a bit with a very smooth edge, 
wh’ch is mounted as above, with a wedge of wood besmeared with a mixture of oil and 
emery. The inside is finished by working a cylindrical steel file quickly backwards and 
forwards within it, while it is revolving slowly. 

In taring, the bit must be well oiled or greased, and the barrel must be kept cool 
by letting water trickle on It; for the bit, revolving at the rate of 120 or 140 times a 
minute, genfrates a great deal of heat if a flaw be detected in the barrel during the 
boring, that part is hammered in, and then the bit is employed to turn it out 

Many sportsmen are of opinion that a barrel with a tare somewhat narrowed towards 
the muzzle serves to keep shot better together ; and that roughening its inside with 
pounded gloss has a good effect, with the same view. For this purpose, also, fine 
spiral lines have been made in their interior surface. The justness of the calibre of 
a fowling piece or musket is tried by means of a truly turned cylinder of steel, 3 
or 4 inches long, which ought to move without friction, but with uniform contact 
from end to end of the barrel. Whatever irregularities appear must be immediately 
removed. 

The outer surface of the barrel is commonly polished upon a dry grindstone, but it 
is better finished at a turning lathe with a slide rest 

Rifle barrels have parallel grooves of a square or angular form cut within them, each 
groove being drawn in succession. These grooves run spirally, and form each an 
aliqnot part of a revolution from the chamber to the muzzle. Rifles should not be too 
deeply indented; only so much as to prevent the bull turning roand within the barrel, 
and the spires should be truly parallel, that the ball may glide along with a regular 
pace. 

The Parisian gun-makers, who arc reckoned very expert, draw out the iron for the 
barrels at hand forges, in fillets only one-ninth of an inch thick, one inch and a half 
broad, and four feet Jong. Twenty-five of these ribands are laid upon each other, be- 
t ween two similar ones of double thickness, and the bundle, weighing GO lbs., bound 
with wire at two places, serves to make two barrels. The thicker plates arc intended 
to protect the thinner from the violence of the fire in the numerous successive heats 
necessary to complete the welding, and to form the bundle into a bar two-thirds of an 
inch broad, by half an inch thick ; the direction of the individual plates relatively to 
the breadth being preserved. This bar folded flat upon itself, is again wrought at the 
forge, till it is only half an inch brood, and a quarter of an Inch thick, while the plates 
of the primitive ribands are now sot perpendicular to the breadth of the narrow fillet ; 
the length of which must be 15 or 16 feet French (16 or 17 English), to form a fowl- 
ing piece from 28 to 30 inclieB long. This fillet, heated to a cherry red in successive 
portions, is coiled into ns close a spirkl as possible, upon a mandril utaut two-fifths of 
an inch in diameter. The mandril lias at one end a stout head for drawing it out, by 
means of the hammer and the grooves of the anvil, previous to every heating. The 
welding is performed upon a mandril introduced after each heat ; the middle of the 
barrel being first worked, while the fillets are forced back against each other, along the 
surface of the mandril, to secure their perfect union. The original plates having in the 
formation of the ultimate long riband become very -‘bin, appear upon the surface of 
the barrel like threads of a fine screw, with blackish tints to mark the junctions. In 
making a double-barrelled gun, the two arc formed from the same bundle of slips, the 
coils of the one finished fillet being turned to the right haud, and those of the other to 
the left. 1 

The barrels forged, as above described, from a bundle of steel and iron slates laid 
alternately together, are twisted at the forge several times, then coiled and welded os 
usual. Fifteen workmen concur in one operation : six at the forge ; two at the 
boring mill; seven at filing, turning, and adjusting; yet altogether make only six 
pairs of barrels per week. In the first instance, it will be understood, that, for the 
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construction of the superior barrels, a bundle of horse-shoe nails is welded into a flat 
bar, similar bars Q&scrap steel arc made, and these arc made up^ into a bundle, — a bar 
of iron, and a bar of steel — of eight or jweWe bars. Th is is again welded into one bar, 
and the result is, when the surface is polished, that the difference in the texture of the 
two metals is distinctly visible. Now, if two bars of iron and one of steel, or two bars 
of steel and one of iron, or any other combination of the two, be adopted, there will 
the “ 


i, or two bars 
to place two 
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be a variety in the pattern of the finished bar. . 

In constructing the barrel this bar may be twisted up singly, as descri 1 
differing in pattern may be welded together, and then twisted. It is i 
bars together, to twist one into a screw and leave the other plain, or to give one a 
right hand twist and the other a left handed one, or sometimes three bars are em- 
ployed, and by twisting or otherwise previously to welding the bars together and 
turning or twisting the compound bar into a cylinder, a great variety of patterns arc 
produced on the finished barrel. 

The breeching is of three kinds : the common ; the chamber, plug, or mortar, 
fit). 7 02; and the patent, yip. 763. The common was formerly used for soldie^' 
musquets and inferior pieces. The se- 
cond is a trifling improvement upon it. 

In the patent breeching, the screws do 
not interfere with the touch-hole, and the 
ignitiou is quicker in the main chamber. 

The only locks which it is worth 
while to describe arc those upon the per- 
cussion principle, as flint locks have 
ceased to be employed. Forsyth’s lock 
{fig. 7G4) was an ingenious contrivance. 

It iias a magazine a, for containing the de- 
tonating powder, which revolves round 
a roller h, whose end is screwed into the 
breech of the barrel. The priming pow- 
der passes through a small hole in the 
roller, which leads to a channel in com - 
munication with the chamber of the gun. 

The pan for holding the priming is 
placed immediately over the little hole 
in the roller. There is a steel punch c, 
in the magazine, whose under end stands 
above the pan, ready to ignite the priming when struck upon the top by the cock c/, 
whenever the trigger is drawn. The punch, immediately after Wing driven down 


Era 1 





into the pan, is raised by the action of a spiral spring. For each explosion, the 
magazine most be turned so far round as to let fall a portion of the percussion 
powder iuto the pan ; after which it is turned back, and the steel punch recovers its 
pro|>er position for striking another blow into the pan. 

The invention of the copper percussion cap was another great improvement upon the 
detonating plan. Fig. 765 represents the ordinary percussion lock, which is happily 
divested of three awkward projections upon the flint lock, namely, the hammer, 
hammer spring, and the pun. Nothing now appears upon the plate of the lock, but 
the cock or Ariking hammer, which inflicts the striking blow npon the percussion 
cap. It is goncav& with a small metallic ring or border, called a shield or fence, for 
the purpose of encasing the cap, as it were, and preventing its splinters doing'injury 
to the sportsman, as also protecting against the line of flame which may issue from 
the touch-hole in the cap-nipplc. This is screwed iuto the patent breech, and is per- 
forated with a small hole. 
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The safety lock of Dr. Somerville is, in its essential feature, a slide stop or catc h, 
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placed under the trigger, A, fig. 766. It is palled forward into a notch in the trigger, 
by means of a spring B, upon the front of the guard, which is worked by a key c. 
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pressing upon the spring when the piece is discharged. In another safety plan there 
is a small movable curved piece of iron, A, which rises through an opening n, m the 
lock- plate c, and prevents the cock from reaching the nipple, as represented in the 
figure, until it is drawn back within the plate of the lock when the piece is fired. 

To fire this gun, two different points must be pressed at the same time. If by 
accident the key which works the safety be touched, nothing happens, because the 
trigger is not drawn ; and the trigger touched alone can produce no effect, because it 
is locked. The pressure must be applied to the trigger and the key at the same 
instant, otherwise the lock -will rot, work. 

The old French musket is longer than the British, in the proportion of 44*72 inches 
to 42 ; but the French bayonet is 15 inchcB, whereas the British is 17. 


Eng. Dimensions. Fr. Dimensions. 

Diameter of the Bore - 0*75 in. 0 69 in. 

Diameter of the ball - 0*676 , 0*65 

Weight of the ball in os. - - - •» TOG 0*958 

Weight of the firelock and bayonet in lbs. 12*25 10*980 

Length of the barrel and bayonet - - 59*00 50*72 


Within these few years a great many contrivances for lire arms have' been brought 
forward, and several have been patented. The first is that of Charles Random, 
Barcode Berenger. Fig. 767 shows the lock and breech of a fowling piece, with a 
sliding protector on one of the improved plans ; a is the hammer, b the nipple of the 
touch-hole, c a bent lever, turning upon a pin, fixed into the lock-plate at d. The 
upper cud of this bent lever stands partly under the nose of the hammer, and while in 
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that situation stapf^t from striking the nipple. A slider gfK connected with the 
under part of the gun-stock, is attached Jo the tail of the bent lever at ij and when the 
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piece is brought to the shoulder for firing, the hand of the sportsman pressing against 
the bent part of the slider at g, forces this back, and thereby moves thg end of the 
lever c forwards from under the nose of the cock or hammer, as shown by the dotted 
lines. The trigger Wing now drawn, the piece will W discharged; and on removing 
the hand from the end y, of the slider J\ the spring at h acting against the guard, will 
force the slider forward, and tho lever into the position first described. 

Mr. Rcdford, gun-maker, of Birmingham, introduced a modification of the lock for 
small fire-arms, in which the application of pressure to the sear spring for discharging 
the piece is made by means of a plug, depressed by the thumb, instead of the force of 
the finger exerted against the trigger. Fig. 7G8 represents a fowling piece partly in 
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action. The scar spring is shown at a. It is not here connected with the trigger as 
in other locks ; hut is uttacliud by a double-jointed piece to a lever 6, which tarns upon 
a fulcrum pin in its centre. At the reverse end of this lever an unu extends forwards, 
like that of an ordinary sear spring, upon which arm the lower end of the ping c is 
intended to War ; and when this plug is depressed by the thumb Waring upon it, that 
end of the lever h will W forced downwards, and the reverse end will be raised, so as 
to draw up the end of the sear spring, and set off the piece. For the sake of pro- 
tection. the head of the plug c is covered by a movable cap d, forming part of a slider e, 
which moves to und fro in a groove in the stock, behind the breech end of the barrel; 
this slider e is acted upon by the trigger through levers, which might W attached to 
the other side of the lock -plate ; but arc not shown in this figure to avoid confusion. 
When the piece is brought to the shoulder for firing, the fore-finger must W applied 
iu usual to the trigger, but merely for the purpose of drawing back the slider e, and 
uncovering the head of the plug ; when this is done, the thumb is to W pressed upon 
the head of the plug, and will tbus discharge the piece. A spring bearing against 
the lever of the slider e, will, when the finger is withdrawn from the trigger, send the 
slider forward again, and cover the head of the plug, as shown. 

The Rev. John Somerville, of Currie, in April, 1835, obtained a patent for a farther 
invention to prevent the accidental discharge of fire-arms. It consists in hindering 
the hammer from reaching the nipple of a percussion lock, or the flint reaching the 
steel of an ordinary one, by the interposition of movable safety studs or pins, which 
protrude from under the false breach Wfore the hammers of the locks, and prevent 
them from descending to strike. These safety studs or pins arc moved out of the 
wuy by the pressure of the right hand of the person using the gun only when in the 
act of firing, t^at is, when the force of the right hand and arm is exerted to press the 
butt end of the stock of the gnn against the shonlder while the aim is taken and the 
trigger polled* In parrying the gun at rest, the proper parts of the thumb or hand 
do not come over Mr. Somerville's movable buttons or studs. 9 

Fig. 769 is a side view of part of a double percussion gun ; and Jig. 770 is a top or 
plan view, which will serve to explain these improvements, and show one, out of many, 
methods of carrying them into effect, a is the stock of the gun ; n the barrels ; c the 
breeeh ; d the nipples ; k the false breech, on the under side of which therievers which 
Vol. II. X 
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work the safety studs or pins are placed ; r is the shield of the fhlsokreech; o triggers | 
B the lock-plate; and z the hammers ; all of rhich are constructed as usual s a a are 
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position for the thumb of the right hand to act upon it ; but when the pressure of the 
hall of the right thumb is to produce the movement of the safety studs, it must be 
placed in or near the position k ; and when the heel of the right hand is to effect the 
movements of the safety studs, the button piece must be placed at L, or nearly so. 

In these lost two positions, the lever (which is acted upon by the button piece 
to work the safety studs through a slide) would require to be of a different shape 
and differently mounted. When the hammers are down upon the nipples after dis- 
charging the gun, the ends of the safety pins press against the inner sides of the 
hammers. When this invention is adapted to single-barrelled guns, only one pin, «, 
one lever and button piece will be required. 

Mr. Richards, gun-maker, Birmingham, patented a modification of the copper cap 
for holding the percussion powder as represented Jig. 771 ; in which the powder is 
removed from the top of the cup, and brought nearer the mouth ; a being the top, h 
the sides, and c the position of the priming. The dotted lines show the direction of 
the explosion, whereby it is seen that the metal case is opened or distended only in 
a small degree, and not likely to hurst to pieces, as in the common caps, the space 
between a and c being occupied by a piece of any kind of hard metal d, soldered or 
otherwise fastened in the cap. 

George Lovell, Esq., Director of the Royul Manufactory of Arms at Enfield, intro- 
duced an improvement upon the priming chamber, lie forms it into a vertical 
double cone, joined in the middle by the common apex ; the base of tlic upper cone 
being in contact with the percussion cap, presents the most extensive surface to the 
fhlminate upon the one hand, vhiV* the base of the under one being in a line with the 
interior surface of the barrel, presents the largest surface to the gunpowder charge, 
upon the other. In the old nipple the apex of the cone being at its top, afforded very 
injudiciously the minimum surface to the exploding force. 

Guns, Rifling of the Barrels . — The outside of rifle barrels is, in general, octagonal. 
After the barrel is bored, and rendered truly cylindrical, it is fixed upon the rifling 
machine. This instrument is formed upon a square plank of wood 7 feci long, to which 
is fitted a tube about on inch in diameter, with spiral grooves deeply cut internally 
through its whole length; and to this a circular plate is attached about 5 inches 
diameter, accurately divided in concentric circles, into from 5 to 16 equal parts, and 
supported by two rings made fast to the plank, in which rings it revolves. An arm 
connected with the dividing graduated plate, and pierced with boles, through which a 
pin i^passed, regulates the change of the tube in giving the debirefa number of grooves 
to the barrel. An iron rod, with a movable handle at the one end, and a steel cutter 
in the other, passes through the above rifling tube. The rod is covered with a core of 
lead one foot long. The barrel iB firmly fixed by two rings on the plank, stand ing in 
a straight line on the tnbe. The rod is now drawn repeatedly through the barrel, from 
end to end, dntil the cutter his formed one groove of the proper depth. The pin if 
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then shifted to another hole in the dividing plate, and the operation of grooving is 
repeated till the whole number of riflings is completed. The barrel is next taken ont 
of the machine, and finished. This is done by casting upon the end of a small iron 
rod a core of lead, which, when besmeared with a mixture of fine emery and oil, is 
drawn, for a considerable time, by the workmen, from the one end of the barrel to the 
other, till the inner surface has become finely polished. The best degree of spirality is 
found to be from a quarter to half a revolution in a length of three feet* 

Military Rifles. — An essential improvement in this destructive arm has been in- 
troduced into the British service. 

The intention in all rifles is to impart to the ball a rotatory or spinning motion 
round its axis, as it passes out through the barrel. This object was attained, to a 
certain degree, in the rifles of the old pattern, by cutting seven spiral grooves into the 
inside of the barrel, in the manner shown by fig. 772, the spherical ballsy. 773, being 
a little larger than the bore, was driven down with a mallet, by which the projecting 
ribs were forced into the surface of the bull, so as to keep it in contact with th#ir 
curvatures, during its expulsion. Instead of this laborious and insecure process, the 
barrel being now cut with only two opposite grooves, fig. 774, and the ball being formed 
with a projecting belt, or zone, round its equator, of the same form as the two grooves, 
fig. 775, it enters so readily into these hollowH, that little to no force is required to 
press it down npon the powder. So much more hold of the barrel is at the same time 
obtained, that instead of one quarter of a turn, which was the utmost that could be 
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safely given in the old way, without danger of stripping the ball, a t rWc turn round 
the barrel in its length, can be given to the two groovwl rifles ; whereby a far more 
certain and complete rotatory motion is imparted to the ball. The grand practical 
result is, that better practice has been performed by several companies of the Rifle 
Corps, at 300 yards, than could Iks produced with the best old military rifles at 150 
yards; the soldier being meanwhile enabled to load with much greater ease and 
despatch. The belt is bevelled to its middle line, and not so flat as shown in the figure. 

This mode of rifling is not, however, new in England. Tn fact, it is one of the 
oldest upon record ; and appeal's to have fallen into disuse from faults in the execution. 
The idea was revived within the last few years in Brunswick, and it was tried in 
llauojer also, but with a lens-shaped ( Linscnfiirmuj ) hall. The judicious modifica- 
tions and improvements it has finally received, have brought out all its advantages, 
and rendered it, when skilfully used, a weapon of unerring aim, even at the distance 
of 700 yards. 

The locks, also, for the military service gciu rally, arc receiving important im- 
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while the ignition of the charge is effected by percussion powdessrin a copper cap. 
Mr. Lovell, inspector of small arms for her ^Majesty’s service, and director of the 
mmm „g . Koyal manufactory, at Enfield Chase, directed his mind to the 

' construction of a sore, simple, and strong musket, with which, 
under his superintendence, the whole of her Majesty’s soldiers 
were long provided. He has also furnished them with a 
short, but clear set of instructions for the cleaning and manage- 
ment of these excellent arms, illustrated by a series of wood 
engravings. From this little work the following notice is 
copied. 

Fig. 777. The barrel, reduced to one-seventh sixe. a, the 
breech ; ft, the nipple-seat or lump ; e, the back sight ; </, the 
back -loop ; e, the middle loop ; f, the swivel-loop ; g, the front 
loop, with the bayonet-spring attached ; ft, the front sight; 
i, the muzzle. 

Fig. 778. The breech-pin, half size. a , the tang; ft, the 
neck ; e, the Bcrew threads ; d, the face. 
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Fig. 779. The bayonet-spring, two ways, half sixe. a, the 
sliaok. ; ft, the neck ; c, the hook ; d t the mortice. 

Fig . 780. The nipple, full sixe. a, the cone ; ft, the squares ; 
c, the shoulder ; d, the screw-threads ; e, the touch-hole. 
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Fig. 781. The rammer reduced to one-seventh sixe. o, the 
head ; ft, the shaft ; c, the screw threads. 

Fig. 782. The lock, outside, half size, a, the plate ; ft, the 
cock ; c, the tumbler-pin ; d, the hollow for the nipple seat. 

Fig. 783. The lock, inside, half size, showing all the parts 
in their places with the cock down at bearer, a, the main- 
spring ; ft, the Bear-Bpring ; c, the scar ; d, the tumbler ; e, the 
bridle ; /, the main-Bpring-pin ; g 9 the sear-pin ; ft, the sear- 
spri ug-pin ; i, the bridle-pin. 

Bcurrfi-wMing by Machinery . — The barrels of musquets, 
birding-gunst &c.« or what are called plain , to distinguish them 
from those denominated Hub or twisted barrels, have of late 
years been formed by means of rolls, a process in which the 
welding is first effected on a short slab of thick iron, and then 
the barrel is brought down to its destined length and form, by 
* repeatedly passing it between a pair of rolls, i'iot have been 
previously grooved to the exact shape of, the barrel intended 
to be made. 

The iron being thoroughly refined, and reduced into flat bars by the process de- 
scribed, is cut by the shears into slabs or lengths of 10 to 12 inches, and 10 to 
lOj lbs. weight, or less, according to the description of gun-barrel that is intended 
to be^biade. These slabs are then heated, and bent m .heiro whole length, by 
means of conveniently goooved bending rolls, until they assume the form of rough 
tubes, of the kind of section shown by a, Jig. 784. They are then placed on the 
hearth of the reverberatory furnace, and brought to a full welding heat, and as 
soon as the edges of a tube come to a semi-fluid state, it is taken out and passed 
between rolls having grooves somewhat smaller in diameter than the exterior of the 
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tube, by which means the tube is perfectly welded from end to end; and if care be 
token in the maniXjgement of the heat, and the juncture be kept clear of dirt and 
cinders, the iron 'will be found perfectiy%omogeneou§ in every part, and there will be no 



appearance whatever of the seam where the the edges came together. These tubes 
are repeatedly heated, and passed between the barrel rollB, which are of sufficient 
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diameter to admit of gradually decreasing grooves, the whole length of the intended 
barrel being indented on tlicir suffices. 

To preserve the tubular form, and insure regularity in the size of the bore during 
the welding process, they are token out of the furnace, by thrusting into them a tool 
called a mandril, b, fig. 785, which consists of a long rod of iron, having a short steel 
trebletton its end, of the diameter that the bore of the barrel ia meant to be. This 
rod is so adjusted by means of a strong iron plate c, near its handle, which is of wood, 
and long, that when passed with the heated tube on it between two transverse holding 
bars, the short steel, treblett d shall be found exactly between the point of impact of the 
barrel rolls, e, b . 
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The adhesion of the hot iron to the suffice of the rolls is strong enough to draw 
the tube off the mandril, which thus keeps the bore open from end to end, and by 
repeating the process through the whole series of grooves in the rolls, the barrel ia 
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gradually elongated, and brought down to the exact form required ; any superfluous 
length at the muule is then cut off. The breach end is then adjusted by the hammer 
— a triple-seat welded on by hand if it be intended for a percussion lock ; and then the 
barrel is ready to go forwanl to the mill to be bored, turned, and finished. 

Gun barrels formed by this mechanical method are found to stand proof better than 
those worked by hand, because the heat is more equalised ; and any imperfections in 
the original mn** of iron are more dispersed over the whole extent of the tube. 

Of late yeo .3 large strides have been made towards increasing the efficacy of mili- 
tary fire-arms. 

The first attempt to inprove the rifle in use in the French army, was that proposed 
by M. Delvigne, an officer of the royal ex-guard {fig. 786), in which the upper 
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orifice of the chamber that contained the powder took the form of a cup, wherein the 
ball (somewhat wider in diameter) was received, and by two or three smart blows of 
a heavy-headed rammer (also cupped out for the purpose) became expanded laterally, 
and thus the rotary motion was imparted to it by the spiral grooves of the barrel in 
passing out Colonel Poncharm suggested the addition of a wood bottom or sabot 
under the ball and a greased woollen patch ; and Colonel Tlionvesino proposed (.fig. 
787) a steel stem or pillar about 2 inches long inserted into the face of the breech- 


787 



pin ; round this pin the charge of powder was received, and the diameter of the hall, 
when resting on the top of the pin, was enlarged by the blows of the heavy-headed 
rammer, as suggested by Delvigne. 

This Bystem took the name of “ Carabine a Tige,* 1 and has been very generally intro- 
duced for the service of fuBilier battalions in continental armies ; very grave objections, 
however, have been found against it in use, from the impossibility of keeping the chamlx r 
(or part round the pin) clear ; and from the severe labour to the soldier in ramming 
down and enlarging the diameter of the ball sufficiently to insure the rotary motion 
desired. 

But if the ultimate results thus attained with spherical balls turned out not entirely 
satisfactory, it was made dearly manifest, in the course of the experiments carried 
on, that no insuperable difficulty stands in the way of rendering the fire of infantry very 
much more accurate and powerful, by the use of rifled barrels throughout the army, and 
thus leading to a verification of the prediction made by Robing above one hundred years 
ago, that “ whatever state shall thoroughly comprehend the nature and advantages of 
rifled barrel pieces, and having facilitated aud completed their construction, shall in- 
troduce into their armies their general use, with dexterity iu the management of them, 
will by this means acquire a superiority which will almost equal any thing that has 
been done at any time.” • 

But besides smoothing the v ay t .',such an essential improvement, it has been elicited 
of late years, that when the accuracy of flight is secured by the rotary motion derived 
from the rifling, the bullet, instead of being limited to the form of a sphere as hereto- 
fore, may, np to certain limits, be elongated with considerable increase of destructive 
effect ; and with an augmentation of range very mnch beyond any thing that has 
hitherto been considered to lie within the reach of small arms — placing them, in fact, 
with reference to artillery and cavalry, in the first jilace instead of the tost 

An immensely extended field has thus been opened to experimenters. 1st Mono. 
Didion proposed a true oval (fig. 788) as the best form of bullet, so that, when shortened 
by the blows of the heavy rammer and widened in its diameter, it might be brought 
nearer to the spherical shape before leaving the barrel. « 

2nd. Mons. Delvigne took a patent for a bullet (fig. 789) under the designation of 
44 Cylindro Ogivale ; ” it had a conical opening behind, in which life imagined that the 
force of the powder would exert itself with sufficient energy to expand the lead perma- 
nently, and so make the ball take the rotatory movement derived from the rifling, with- 
out any fatigue to the soldier in loading : with this projectile, indeed, the operation is 
hut slightly iqore difficult than with the ordinary cartridge and smooth barrels. 
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The ballet (fig. 790) of the u Carabine ft Tige ” was called “ Cylindro Conique,” and 
was said to possess this advantage over the preceding, that, being brought more to a 
point in front, it bored its way through the air with greater ease, and thus retained 
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greater velocity, and of course, more extended range ; and with this bullet it was that 
Mona Tamisier introduced three sharp-edged channels roflnd it, which he stated were 
necessary to keep its flight steady, by effenng a resistance to the action of the air. 

Finally Mono. Minis, an officer of the French line, suggested (fig. 791) the addition of 
«- denoyau or culot to the hollow ball of Delvigne. This, in the form of a little enp 
made of sheet iron, is placed in the orifice of the conical hollow of the ball behind, and 
by the energy of the powder is driven into the ball, enlarging its diameter permanently, 
and thus giving all the accuracy of the rifle, with nearly the same facility of loading 
as with the plain barrel. 

The principle of the invention, as thns developed, has, we learn, been adopted by our 
government for the general use of the army, seeing that it offers so great advantages 
over the system of plain barrels, but the bullet (fig. 792 ), as modified by the Inspector 
of Small Arms, has on its exterior no chunnels, they being found not only useless as to 
steadying the flight of the projectile, bnt absolutely injurious in lowering its velocity. 
The bullet in its improved form too, being more trnly balanced in its proportions, 
and made by mechanical means instead of by casting, has no tendency to the gyrations 
which appear to have so puzzled French artillerists, and for which they have invented 
the word “ derivation” and wasted much learned disquisition. 

Bat even if it were ever to happen, which is not likely, that these various projectors 
could be brought to agree as to the best form of projectile, they will then find out, 
that although by the general introduction of rifled and elongated ballets an immense 
advantage has been realised over plain barrels, their plans, based as they all are upon 
a system of loading at the muzzle, are at best but one step in advance ; and that a good 
sound military fire-arm loading at the breach will, after all, remain the great desideratum 
— an arm that, without any less accuracy or power to reach masses of artillery or 
cavalry at a thousand yards’ distance, will enable the soldier to triple the quantity of 
his fire at any moment that he may be called upon to repel a charge of cavalry or 
attack or defend a breach at close quarters ; of such simple construction, and so easily 
handled in every position of the body, that the soldier can pour every shot of his most 
murderous fire upon the enemy with unerring precision, whilst he himself may lie 
coolly behind a stone or in a ditch in entire security. 

These are no longer wild imaginings, although so many hundreds of attempts towards 
the same object, from the earliest period to the present day, have been one after another 
seen invariably to fiiil. The Germans have been long and steadily pursuing the great 
otyect, until at length Herr Drcysa, of Sommcrda in Thuringia, has succeeded, after 
more than twenty years of continued labour, in establishing a musquet, under the name 
of u ZUndnadelgewehr,” which if not quite perfect, is so well adapted for the uses to 
which it is applied that the Prussians have armed the whole of their line and the 
Landwehr fcith this weapon. , 

The needle musket (fig. 798) consists of a strong socket a, open on the upper side 



and screwed on to the barrel 6, which is rifled in the usual manner ; within this socket 
is a slider c, which in fact constitutes the lock, as it contains the spiral spring and 
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mechanism that produce ignition by percussion ; it has a stont hebel, or handle, hr 
which it is moved backwards and forwards freely. The cartridge {fig. 794) consists 
794 of the ball a, the sabot 6, or bottom of hard paper, and holding the 
priming matter, and lastly the charge of powder c, the whole being made 
up in paper pasted together. In use the slider being drawn back, the 
soldier puts the cartridge with the point of the ball in front into the 
open breach of the barrel, pushes the slider forward, and secures its 
elose junction by a turn to the right against an inclined edge of the 
4»en socket. The spiral spring is then brought into action by pressing 
the spring case forward with the thumb. 

To Captain Drayson, K. A., we are indebted for the following. The 
Enfield rifle, which has lately been approved of for the use of the army, 
is constrncted principally by machinery. 

The fhetory at Enfield, at which this arm is manufactured, is considered 
one of the most complete establishments in the world. 

The barrel, lock, wood- work, furniture, and bayonet arc all constructed 
e* Enfield, and as each portion is made exactly of the same size and shape, 
a part of one rifle will fit into the same part of another. 

The total length of this weapon, including bayonet, is 6 ft OJ in. long, 
and weighs 9 >b. 3 oz. ; the barrel is 3 ft 3 in. in length, and weighs 4 lb. 
S oz. ; the diameter of bore is *577 inch. The bullet is elongated, and rotates on leaving 
the piece like a spherical bullet The general figure of the bullet is cylindrical, hut its 
front end is ronnded, and its rear end has a conical-shaped cavity. In the Minic 
rifle, some of which were introduced into the service, a small iron cap was placed in 
the hollow at the rear end of the ball for the purpose of causing the bullet to 
expand, bat in the Enfield rifle this opening is filled by a wooden ping instead. 
This diminishes the fouling of the bore, and answers all the purposes of expansion. 

The bullet is '568 inch, length 1'0G2 inch, weight 530 grains. The barrel is proved 
at Enfield, and when flaws are supposed to exist as much as 15 drams of powder 
have been fired, without bursting the barrel. The service charge is 2£ drams. The 
weight of 60 rounds of ammunition including 75 caps is 5 lb. 8 oz. 

The bore has three grooves, each groove forms a spiral of J a turn in 3 feet 3 inches. 
The rifle is sighted up to 900 yards, but an effective range may be obtained beyond 
that distance. 

The system of riflingby grooves is the plan which hos been generally employed, and 
many experiments with different numbers of grooves, some of varying 
depths, being deeper at the breech, and with different turns; some in- 
creasing towards the muzzle, have been tried, and thought advantageous, 
at various times. The Enfield rifle has three grooves, with a pitch of 
6 ft. 6 in., so that the bullet receives half a turn round its axis while 
moving through the barrel, the length of which is 3 ft. 3 in. The 
bullet is cylindro-conchoidal ; it is wrapped in paper, and made of such 
a diameter as to pass easily down the barrel. 1 1 requires very pure? lend, 
to allow of its being properly expanded, or “upset,” by the expkr.in 
and is driven partly against the original portions of the bore, called 
the lands, and partly in the form of raised ribs, is forced into the 
grooves, whose spiral shape gives the required rotation. The Enfield 
bullet is shown in the annexed figure. It is conical in shape, und 
bos its back end recessed for the insertion of a box -wood ping. 
This plug, driven forward at the first shock of the explosion of gun- 
powder, expands the lead until it fills the grooves at the breech. 
{Fig. 794o.) 

The prime cost of a finished Enfield rifle is stated to be about 2l. 5s.; 
and from 1,500 to 1,800 rifles per week are at present made at the 
Enfield rifle factory. 

Since the remarkable proof, which has been obtained during the “ sewn days 1 war," 
of the advantages possessed by the Prussia necdbf-guii, our War Oiiice Ifas directed 
that all the fire-arms supplied to our army shall be oreech-loaders, and the Enfield 
factory is now fully engaged in the conversion of the ordinary Enfield into this form 
of weapon. 

Whitworth 9 * Rifle.— This fire-arm, and the principles on which it is constructed, can- 
not be better described than by adopting, to a great extent, the words of the inventor: 
In the system of rifling which I have adopted, the interior of the baitel is hexagonal, 
and instead of consisting partly of non-effective land*, and partly of grooves, consists 
of effective rifling surfaces. The angular corners of the hexagon are always rounded, 
as shown in section, fig. 7946. which shows a cylindrical ballet in a hexagonal barrel.* 
The hexagonal ballet, which is preferred to the cylindrical one, — although either 
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may he used,— as shown in fig. 794 c. Supposing, however, that a bullet of a cylindrical 
shape is fired, w licit it begins to expand it is driven into the recesses of the hexagon, 
as shown in Jig. 7946. It thus ndaptfitself to the curves of 794$ 

the spiral, and the inclined sides of the hexagon offering no 
direct resistance expansion is easily effected. With all ex- 
panding bullets proper powder mnBt be used. In many cases 
this kind of bullet has failed, owing to the use of a slowly- 
igniting powder, which is desirable for a hard metal projec- 
tile, us it causes less strain upon the piece ; bnt is unsuitable 
with a Boft metal expanding projectile, for which a quickly 
igniting powder is absolntely requisite to ensure a complete 
expansion, which will fill the bore: unless this is done the 
gnses rush past the bullet, between it and the barrel, and the 
latter becomes foul, the bullet is distorted, and the shooting mast be bad. If the pro- 
jectile be made of the same hexagonal shape externally, as the bore of the barrel 
internally, that is with a mechanical fit, metals of all degrees of hard- • -9^, 
ness, from lead, or lead and tin, up to hardened steel, may be em- * 
ployed, and slowly-igniting powder, like that of the service, may be 
used. As we have already stated, the Enfield rifle has oog turn in 
G ft. 6 in. ; that is, the bullet rotates once on its axis, in passing over 
this space. This moderate degree of rotation, according to Mr. Whit- 
worth, only admits of short projectiles being osed, as long ones turn 
over on issuing from the barrel ; and, at long ranges, the short ones 
liccomc unsteady. With the hexagonal barrel much quicker turns 
are used ; and “ I can fire projectiles of any required length, as, with 
the quickest that may be desirable, they do not ( strip.' I made a 
short barrel, with one turn in the inch (simply to try the effect of an 
extreme velocity of rotation) and found that I could fire from it me- 
chanically-fitting projectiles, made of an alloy of lead and tin ; and 
with a charge of 35 grains of powder they penetrated through 7 inches 
of elm planks." 

“ For an ordinary military barrel 39 inches long, I proposed a ‘45- 
incli bore, with one turn in 20 inches, which is, in my opinion, the best 
for this length. The rotation is sufficient, with a bullet of the requisite 
specific gravity, for a range of 2,000 yards. The gun responds to 
every increase of charge, by giving better elevation, from the service charge of 70 
grains up to 120 grains; this latter charge is the largest that can be effectually con- 
sumed, and the recoil then becomes more than the shoulder can conveniently bear 
with the weight of the service musket." 

The advocates of the slow turn of one in G ft 6 in., consider that a quick turn 
causes so nmch friction as to impede the progress of the ball to an injurious, and 
sometimes dangerous, degree, and to produce loss of elevation and range; but Mr. 
Whitworth's experiments show the contrary to be the case. The effect of too quick 
a turn? as to friction, is felt in the greatest degree when the projectile has attained its 
highest velocity in the barrel, that is at the muzzle, and is felt in the least degree 
when the projectile is beginning to move, at the breech. The great strain put upon a 
gun at the instant of explosion is due, not to the resistance of friction, hut to the vis 
inertia of the projectile which has to be overcome. In a long barrel with an ex- 
tremely quick turn, the resistance offered to the progress of the projectile as it is 
urged forward becomes very great at tlic muzzle, and although moderate charges 
give good results, the rifle will not respond to iucreased charges by giving better 
elevation. If the barrel be cut shorter, an increase of charge then improves the 
elevation. 

There does not appear to have l>een, even yet, any thoroughly satisfactory experi- 
ments on the degree of motion which it is necessary to impart to the bull to 
insure a flat trajection, and to overcome Die different forces which are continually 
interfering with the correctness of Hint, with even the best rifle. In the experiments 
with Armstrong's and Whitworth’s cannon, some very satisfactory results have been 
obtained, and much information may be gained by st tidying the experiments quoted 
in the article on Artillery. 

A professional writer, well qualified to judge of the matter on which, he wrote, has 
made some striking^remarkB on the Whitworth rifle in the Mechanics * Magazine. 
After pointing out the small importance of a high prime cost in the case of so 
durable a weapon os the rifle in question, he refers to the strength of the metal 
used. 

In illustration of its great strength, this fact is quoted. Mr. Whitworth put into a 
rifle barrel, one inch in diameter at the breech, with a bore of 0‘49 in&h, a leaden 
plug 18 inches long, bb tightly us it could be driven home upon the charge. It was 
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fired with an ordinary charge of powder, and the leaden ping bej^g expanded by the 
explosion remained in the barrel, the gases generated by the gtmmswder all passing 
out through the touch-hole. With such strength great durability must of necessity 
co-exist, unless the quick turn of the rifling should tend to its rapid deterioration. 
But this is not the case, Mr. Longridgc's elaborate investigations having proved that 
the amount of the force expended upon the rifling of the Whitworth rifle scarcely 
exceeds two per cent of the total force of the powder. 

Perhaps the most remarkable testimony which has been borne to. the merits of 
this rifle is that of General Hay, the director of musketry instruction at Hythe. 
After admitting the superiority of the Whitworth to the Enfield in point of accuracy, 
General Hay said there was a peculiarity about the Whitworth small-bore rifles 
which no other similar arms had yet produced, — they not only gave greater accuracy 
of firing, but treble power of penetration. For special purposes, any description of 
bullet could be used, from lead to steel. The Whitworth rifle, with a bullet one- 
tenth of tin, penetrated 35 planks, whereas the Enfield rifle, with which a soft bullet 
was necessary, only penetrated 12 planks. He had found that at a range of 800 yards, 
the velocity added to the hardened bullet gave a power of penetration in the pro- 
portion of 17 to 4 in favour of the Whitworth rifle. This enormous penetration is 
of the highest importance in a military weapon, in firing through gabions, sandbags, 
and other artificial defences. Mr. Bidder, President of the Institution of Civil En- 
gineers, says, the Whitworth small-bore rifle, fired with common sporting powder, 
would never foul so as to render loading difficult. He had himself fired 100 rounds 
one day, GO rounds the next, then 40 rounds, and so on, and left the gun without being 
cleaned for ten days, when it fired as well us it did on the first day. The words of 
Mr. Whitworth as to the application of his principle to the Enfield weapon must be 
quoted in answer to the objections of cost, &c., urged against it. “ With regard to the 
cost of my rifled musket, which has been stated to be an impediment in the way of 
its adoption for the service, 1 may state that there would be no difficulty in adapting 
the machinery and plant already in operation at Enfield, or any requisite portion of 
it, for making rifles on my system. The change would not cause an increase in the 
manufacturing expenses ; and, supposing the quality of the workmanship and the 
materials to remain the same, the advantages arising from the use of my Imre and 
turn, and hard metal projectiles, would double the efficiency of the rifle without 
increasing the cost.” 

Amongst arms requiring some notice fVom ns, the more remarkable, as involving 
some excellence in construction, or peculiarity in principle, are the following: — 

Cult's lie/ nutting liiflc. — This weapon is constructed mainly on the principle which 
was introduced by Colonel Colt, in his “ revolvers,” to be noticed presently. Tlu 
Secretary of War of the United States reports as follows on this arm, which is shown 
in ,/it/. 794 d t and in section fin. 794c. Fig. 794/ is a vertical section of the revolving 
barrels, and fig. 794 y the wiping rod. 

“ The only conclusive test of the excellence of the arms for army purposes is to be 
found in the trial of them by troops in actual service. Colonel Colt's arms have 
undergone this test, and the result will be found, in some measure, by reports of 
General Harney and Captain Marcy, who used them in Florida, against the Indians. 
These reports relate only to the rijle % but are clear and satisfactory. • * * * A 

hoard of officers recently aBseftibled to consider the best mode of arming onr cavalry, 
made a report, showing the present appreciation of the arm by officers of the army 
standing deservedly .high fur their services, experience, and intelligence." 

In its internal construction th’« rifle differs in some respects from the pistols 
aud early revolving rifles. The catch which causrs the breech cylinder to revolve, 
instead of acting against ratchet teeth, and on the cylinder itself, works in teeth cut on 
the circumference of the cylinder end of the base-pin, in such a manner, that the base- 
pin rotates with the cylinder itself, being locked by a small mortise in the cylinder; 
and the stop-bolt gears into corresponding notches, also cut iu the end of the base-pin, 
and thus locks it when required. This is an improvement in the arran foment of these 
weapons, and by a simple arrangement, the smaltopring catch, which, by means of a 
circular grove in the front end of the base-pin, keeps it in place, is immediately re- 
leased by pressing on a small stud, and the cylinder can be instantaneously removed 
or replaced. Instead of the pin, which, in the pistol, is used to let the; hammer down 
on, when carrying it, a small recess is cat between each nipple, in the cylinder itself, 
into which the hammer fits when let down, and makes securit / doubly secure. 

Tfie rifle is provided with two sights ; the ordinary leaf-sight usually employed is 
also provided. The hinder sight is adjustable to suit long or varying ranges, and the 
front sight is that known as the bead sight, which consists of a small steel needle, 
with a little head upon it, like the head of an ordinary pin inclosed in a steel 
tube. In aiming with this sight, the eye is directed through a minute hole in the 
sliding piece qf the hinder sight, to the small bead in the tube, which bead should 



!M 1 



316 


FIRE ARMS, 


cover the mark aimed at ; and thia sight affords great accuracy in shooting. The 
wiping rod, which occupies the position nsijglly allotted to the ramrod, in. muzzle 
loaders, is ingeniously constructed so as to admit of being lengthened. In its interior, 
which is hollow, slides a slight steel rod, in the end of which a. screw thread is cut ; 
on drawing out the rod, a turn or so of the hand in one direction, enables this steel 
rod to be drawn ont to a length, as nearly as possible that of the outer case, and a 
few turns in the contrary direction, fastens it firmly in its place ; thus enabling it to 
be used with as much facility as if it were solid. When done with, the reversal of 
the former motions enable the rod to be returned to its original dimensions, and it 
can then be returned to its place. This weapon has a real buBiness-like serviceable 
appearance, and its weight varies, according to the length of the barrel, from 8 lb. to 
10 lb. each, with five and six shots. 

Colonel Colt has introduced a new shot gun, which is adapted for being loaded alter- 
nately with shot and ball. This is adapted for colonists, enabling him to use the gun 
u an ordinary sporting weapon for birds, &c. f or for more deadly purposes. The hall for 
Colt's rifle ij shown by figs, 794 «, 7944. 

Lancaster'* Elliptic Rifle. — So called, although the Elliptical rifle is very old. 
The bore in this rifle is slightly oblate ; the twist found, by experience, to be most 
advantageous is one tarn- in 52 inchcR, the approved diameter of the bore *498 inches, 
the length of the barrel being 32 inches. An eccentricity of *01 inch in half on inch 
is found sufficient to make the bullet spin on its axis to the extreme verge of its flight 
The length of the bullet found to answer best with these rifles is 2± diameters in 
length, with a windage of four or five thousandths of an inch. 

Major NuthalT* Rifle. — In the ordinary mode of grooving rifles, sharp angles arc 
left between the groove and “ land ” (those parts of the smooth bore left in their origi- 
nal state after the process of grooving has been completed). These create great 
friction with the projectile, both in loading and discharging. Major Nuthall removes 
these otyections by rounding off the “ lands " into the grooves, that is, making them 
a scries of convex and concave curves, the bore assuming a beautiful appearance to 
the eye, for the smoothness and evenness with which the lands and grooves blend 
into each other. 

There are also General Boilcau’B rifle, and some others, which our space will 
not admit of our noticing. 

Breech-loading Rifle* have been introduced, and they prove so satisfactory that 
the principle of breech-loading is applied to ordinary fowling pieces. Prince's breech- ■ 
loader has been highly recommended. In this rifle, fig. 704/, the barrel has attached 


704/ 
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to it a lever with a knob at its ^nd, kept in its place and locked by a little 
holt attached to the bow of the guard. In order to load, the stock being firmly 
grasped under the right arm, the catch is released, and the knob attached to the lever 
is drawn to the right, and almost simultaneously pushed forward. The lever being 
firmly connected with the breech end of the barrel, the whole of the barrel is thus 
slipped forward in the stock, to the extent of about three inches, disclosing a steel 
cone, provided on either side with inclined planes, forming a segment of ^ screw, and 
locking tightly into slots at the breech end of the barrel. The cartridge is dropped 
into the open 6pace at the extremity of the cone, the lever is depressed, palled back- 
ward, and then pushed into its place. The barrel and cone are thusi tightly locked 
together, and until they are in this position the gun cannot possibly he fired. It is, 
therefore, obvious, that in strength and security this rifle is not inferior to any. At a 
trial at Hythe, Mr. Prince fired 120 rounds in less than eighteen minutes, showing the 
rapidity of loading which this weapon admits of. The rifling preferred by the inventor 
is a five-grooved bore rather deeply cut, the twist being three quarters of a turn in 
three feet, fhe London gunmakers have certified to the great merits of Prince's 
breech-loading rifle. 
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Prince's cartridge is an ingenious inventions it can be used either with a muzzle or 
with a breech-loader. The cartridge is made of gun-paper, produced in the manner 
described for making gun-cotton. The spark fires this with the powder, and if the 
paper is pure there Is no ash left from its combustion. Mr. Prince is bringing out 
a new breech-loading rifle which is simpler than any yet produced. His practical ex- 
perience in such matters, extending over more than a quarter of a century, combined 
with the success he has already attained, causes any fresh arm emanating from him 
to be regarded with considerable attention. The breech is opened by a naif turn of a 
lever, and closed by a corresponding movement Either common ammunition or a 
flask can be used in loading. The barrel is a fixture ; a chamber being attached 
to the breach end, so that existing muzzle loaders may be readily converted. For 
cavalry a simple addition is made to the arm, so that the caps arc placed on the nipple 
in the act of loading. 

Terry's Breech-loading Rifle differs from Prince’s in having the barrel fixed. 
There is an opening at the base of the breech, which being lifted by a lever discloses 
a receptacle for the cartridge. * 

Mr. Westley Richards , Mr. James Leetch f and some others have introduced breech- 
loading rifles. Of the former, Colonel Wilford says : * The weapon manufactured by 
Mr. Westley Richards is a perfect wonder. 1 saw a smul> carbine, weighing only 

lbs., fire better at 800 yards than the long Enfield.’' 

In the rifle by Leetch the opening for the admission of the charge is in front of 
the chamber; consequently the shooter has all the security that die solidity of the 
breech can import 

Revolvers or Repeating Pistols. — The fame attached to Colt’s revolvers, fig. 1560, 
renders them so well known os to require but little introduction necessary. Although 
the invention of revolvers of course cannot be ascribed to Colonel Colt their adaptation 
to modern requirements, and their general use, are undoubtedly due to his extreme 
energy, perseverance, and skill, and to him, therefore, every credit ought to be given. 
This make is now extensively used in the United States, and indeed in almost every 
corner of the world, and seem not to lose favour anywhere. In Turkey, Egypt, 
Brazil, Peru, Spain, Holland, Prussia, Russia, Italy, and Chili, as well as the United 
States, and our own country, they have been and ore extensively used and approved ; 
and we are given to understand that 40,000 of them have been supplied to our au- 
thorities, and have been served out anu used in the Baltic, in the Crimea, in China, 
and in India, with the utmost effect. The shooting with Colt’s arms is highly satis- 
factory. With Colt’s revolver you can make first-rate shooting, and be perfectly 
satisfied with its action. As a proof that it is not liable to get out of repair, we need 
only state that the Americun Board of Ordnance had a holster pistol fired 1200 times, 
and a belt pistol 1500 times, without the slightest derangement. The penetration of 
the first named was through 7 inches of board, and of the second through 6 inches. 

'The barrel is rifle-bored.^ The lever ramrod renders wadding or patch unnecessary, 
and Bccures the charge against moisture, or becoming loose by rough handling or hard 
riding. The hammer, when at full cock, forms the sight by which to take aim, and 
is reaefily raised at full cock by the thumb, with one hand. It has been tested by long 
and actual experience, that Colt’s arrangement is superior to those weapons in 
which the hammer is raised by pulling the trigger, which, in addition to the great 
danger from accidental discharge, the strength of the pull necessary for cocking, 
interferes with the correctness of aim, which is of 10 much importance. A very 
effectual provision is made to prevent the accidental discharge of this pistol whilst 
being carried in the holster, pocket, or belt. Between each nipple (the position of 
which secures the caps in their places) is a small pin, and the point of the hammer 
has a corresponding notch ; so that if the hammer be lowered on the pin, the cylinder 
is prevented from revolving, and the hammer is not in contact with the percussion cup, 
so that, even if the hammer be struck violently accident, it cannot explode 
the cap. 

The movements of the revolving chamber and hammer are ingeniously arranged 
and combined. The breech, containing six cylindrical cells for holding the powder 
and ball, moves one sixth of a revolution at a time ; it can only be fixed when the 
chamber and the barrel arc in a direct line. The base of the cylinder being cut ex- 
ternally into a qjrcular ratchet of six teeth (the lever which moves the ratchet being 
attached to the hammer) ; as the hammer is raised in the aet of cocking, the cylinder 
is made to revolve, aad to revolve in one direction only ; while the hammer is felling 
the chamber is firmly held in position by a lever fitted for the purpose ; when the 
hammer is raised the lever is removed, and the chamber is released. So long as the 
hammer remains at half cock, the chamber is free and can be loaded at pleasure. 
Revolvers by Daw, by Adams and Dean, and others, have been introduce^. They are 
all so similar in principle that they need net be described. 
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FIRE BRICKS. See Bricks. 

FIRE CLAY. See Clay. Under the direction of Dr. Percy, an extensive series 
of analyses of fire-clays were made in the laboratory of the Museum of Practical 
Geology. From these, as published hi Dr. Percy’s Metallurgy, the following more 
important have been selected : — 










Water 

Water 


810*. 

AI*0». 

KO. 

CaO. 

MgO. 

FeO. 

Fe*0*. 

com- 

bined. 

Hygro- 

scopic. 

Stourbridge - 

65-10 

22-22 

0*18 

0-14 

0-18 

1-92 

. 

7*10 

2*18 

Corngreaves - 

57*21 

28-58 

I»gfi 

0-71 

fiZT 

2-83 

— 

8‘52 

2-26 

Brieriey Hill - 
Glascote, near Tam- 

51*80 

30-40 

— 

— 

0-50 

4-41 


— 

13*11 

„ worth - 
Stanningtan, near 

50-20 

32‘59 

2‘32 

— 

0‘36 


3-52 

9-69 

3-00 

Sheffield - 

48'04 

34-47 

1-94 

0-6 f. 

0-45 

— 

3-05 

11-15 

— 

Newcastle 

55-50 

27-75 

2-19 

0-67 

0-75 

— 

2-01 

10-53 

— 

Teignmouth, Devon* 

i52*06 

29-38 

2-29 

0-43 

0‘02 

— 

2-37 

10-27 

2-56 

1 Poole, Dorset - 

48'99 

32-11 

3‘31 

0-43 


— 

2-34 

9-63 

233 

Dowluis - 

67-12 

21-18 

202 

0-32 


— 

1‘85 

4-82 

1-39 

Glasgow - 

66-16 

22-54 

— 

1-42 


5-31 

— 

3-14 

— 

Ireland - 

79-40 

12-25 

— 

0-50 

— 

— 



— 


FIRE-DAMP ; the carbnretted hydrogen of coal mines, produced, in some cases, 
by the slow decomposition of the coal itself; in others, it is probably the result of the 
changes in the constitution of the vegetable matter of which the coal itself is formed, 
which has been confined under threat pressure in the interstitial spaces of the coal 
or rocks immediately in connection with them. The accumulation of this gas in the 
“ goaf,” or waste spaces of a coal mine, is probably due to the changes which the 
coal itself undergoes. The sudden outbursts of this gas, known as “ blowers,” are no 
doubt the result of the liberation of the gas by suddenly removing the pressure under 
which it has been confined. This gas is the constant product of the decomposition of 
carbonaceous bodies under water ; it has hence been also called marsh gas. It is a 
protocarburetted hydrogen, its formula being C-II 4 . 

This carburetted hydrogen gns does not explode when mixed with nir in a propor- 
tion much above or below the quantity necessary for complete combustion. AVitli 
three or four times its volume of air it does not explode at all, with five and a half or 
six volumes of air it detonates feebly, and with seven or eight most powerfully. 
When mixed with fourteen volumes of air the mixtnre is still explosive, but with 
larger proportions of air the gas only burns about the flame of the taper. See Safety 
Lamp and Mining. 

FIRE-DAMP INDICATOR. Fire-damp or Grison of the French is ft great 
source of danger to the coal-miner, for, when mixed with certain proportions of air, 
it forms a mixture which meeting with a naked light explodes, occasionally causing 
great destruction to life and property, while its products of combustion poison those 
who, although stunned by the concussion, would yet recover if conveyed into a pure 
atmosphere, therefore its presence iB a twofold source of danger. If the gas to the 
extent of 5 per cent be mixed with atmospheric air, and be long inhaled, it produces 
no remarkable effect, except perspiration, which becomes profuse if the amount of 
fire-damp reach 10 per cent. ; if it still increase to 15 per cent., and be inhaled for 
half an hour, a peculiar bodily helpless feeling supervenes, which makes one feel 
disposed to lie on one’s back, and the eyelids tingle and smart These feelings 
pass off in a few minutes, if fresh air he breathed. In an -atmosphere containing 
22 per cent, of fire-damp a man may still breathe for some considerable time. The 
writer of this article remained in such an atmosphere for five minutes mak ing experi- 
ments, without other inconvenience than a feeling of mental lassitude— other words 
do not convey the exact sensation ; but in an atmosphere more fully charged with 
fire-damp, probably 33 per cent, he became helpless before he could determine the 
amount per cent present^ even in three attempts ; that is, in shorter time than sixty 
seconds. ^ 

The physical characters of fire-damp vary greatly in different mines ; in some cases 
being present to exactly the same amount per cent, it will explode violently in the 
lamp with a click, in others quite quietly ; the miners call it a “ sharp gas,” or a 
“ slow gas,” as the case may be. Its odour varies greatly, and a circumstance of 
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much importance another point of view, is flint its diffusion rate as regards time 
varies in different pits; in one pit*, it will diffuse into a vessel in forty-five 
seconds, in another in fifty* while in a third it may take sixty seconds ; the hygro- 
metric state of the gas appears to cause these variations, for in dry pits the time is 
longer, or appeared to be so in these cases, than in pits whose atmosphere was at the 
dew point The writer of this paper is of opinion that the circumstances attending 
fire-damp in mines require investigation, as there are many points to elucidated, 
by experiments to be made in the pits. 

Fire-damp is a mechanical mixture of carburettcd hydrogen, nitrogen, and carbonic 
acid, in varying proportions. The carburetted hydrogen is the only substance with 
which we have to deal in fire-damp, because it is this substance that, when mixed 
with atmospheric air, becomes explosive ; in the act of combustion its carbon forming 
carbonic acid, and its hydrogen water, both of which at the moment of formation 
are gaseous, and at a high temperature, therefore, occupy a larger space than was 
formerly occupied by the mixed gases — in other words, it explodes,. and gives rise tp 
all the facts so well known. 

In speaking, then, in future of fire-damp, we allude only to the carburetted hydrogen 
or marsh gas contained in the mixture, that alone being the combustible substance ; 
a proposition to be noticed, because our figures will uppea*' to be different to those 
obtained by some who have taken the compound substance. Fire-damp is a chemical 
compound, otherwise known by the name of mine gas, or as marsh gas, and is com- 
posed of one equivalent of carl>on, with two equivalents of hydrogen ; it is a light 
substance of specific gravity 0*559, air being 1*000, and, by its levity, has a tendency 
to rise to the uppermost part of a gallery. Notwithstanding the law of diffusion, 
the lower contain less than the upper strata in a chamber, but the writer found, 
in a return air-way in the Hetton colliery, a uniform atmosphere of 3 per cent, of 
fire-damp. It is combustible, forming carbonic acid and water. 

In the same manner, while speaking of “ choke-damp,” “ after-damp,” “ black- 
damp," “ dampie," &c., we allude only to the carbonic acid which is contained in 
the compound which posses under so many names, according to the source whence 
it occurs, for in all cases it is a mixture of carbonic acid, watery vapour, and nitrogen, 
in varying proportions. 

Carbonic acid gas is a chemical siiVtauce, composed of one equivalent of carbon 
and two equivalents of oxygen ; it is a dense gas of a poisonous nature, having a specific 
gravity 1*524, ; its density causes it to flow to and accumulate upon the floor of a 
chamber. In an atmosphere, containing 10 per cent, of carbonic acid, life can be 
maintained for a short time only, and a candle for a still less time ; indeed, Dr. 
Angus Smith has observed that 3 per cent is fatal, if the amount of oxygen falls 
below 1 8 per cent in the same atmosphere. 

We have thus spoken of fire-damp and of carbonic acid, because wc are about to 
explain Mr. Ansell’s proposition for giving warning of the existence of these sub- 
stances through the agency of diffusion by means of a simple system of telegraphy. 
Mr. George F. Ansell, of the Royal Mint, in a recent lecture on this subject, said" : 
11 Possessing this information, I visited sonic pits, that I might see the precise con- 
ditions to be met, and I placed before myself the problem, how to make known, by 
their own agency, the existence of substances so varying as curbonic acid and fire- 
damp; it was perfectly manifest that the specific gravity, as specific gravity which 
had been proposed by others must fail, because of the dust and currents of air in 
the pits ; bnt these thoughts developed the idea that specific gravity, as a diffusive 
agent, would be the plan, and 1 have up to this date been unable to improve the first 
formed idea, although I have l>een enabled to greatly simplify the mode of operation. 
I felt all along that if the existence of dangerous gases could be made known to 
the master without the man’s agency, then the servants would be more particular 
to observe the laws laid down by the master, and so conduce to the welfare of all.” 

The diffusion of gases may be described as an intermingling of them when placed 
in such circumstances as to admit of the natural motion of their particles extending 
itself into space or into other gases ; for this explanation, it is well to consider that 
matter in every form, whether solid, liquid, or gaseous, that is liquid in a higher 
sense, is formed of minute particles, jnst as the occun is formed of drops of water. 
Those minute ffertieles have been called atoms or molecules, and there are reasons for 
believing that these atoms have motion amongst themselves in either the solid, liquid, 
or gaseous fonn of Gutter. In the case of gases, the law governing one particular 
motion has been eliminated by Mr. Thomas Graham, who has demonstrated that 
gases diffuse into each other and into space in the inverse ratio to the square root of 
their densities ; in other words, a light gsis diffuses itself rapidly, while a dense gas 
diffuses itself slowly into space, or into another gas. 
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If we take the following substances, and compare them with atrospherie air, as the 
standard of specific gravity, they will illustrate our meaning, fur — 

Specific gravity. Cubic lo. a Grains. 

Air being taken as of 1*0000 100 will weigh 31*0117 

Hydrogen being taken as of 0*0691 „ „ » 2*1400 

Marsh gas being taken as of 0*6590 „ „ „ 17*4100 

Carbonic acid being taken as of 1*5240 „ „ „ 47*2600 


The barometer being 30 inches and the thermometer 60° F. If, therefore, a vessel of 
a given capacity be filled with each of these different gases under precisely similar 
circumstances, and weighed carefully, the variations of weight would be as indicated 
above. 

If, then, we imagine the containing vessel to be made of snch a substance as will 
admit of diffusion, we should find that the gas would diffuse out of that vessel in a 
period of time relative to its specific gravity : hydrogen most quickly, marsh gas 
next in its F lacc, air following, and lastly carbonic acid; each gas being replaced hy 
its diffusion equivalent of air *, but in the case of air, although diffusion would take 
place, its amount would not be registered, because air would replace air, volume for 
volume. «* 

To demonstrate this with one experiment, it will be sufficient to fill a glass tube, 
whose one end is closed by a plug of plaster of Paris, with cool gas, and to then 
place its lower end in water, when the water will gradually rise in the tube, because 
the gas diffuses out into space, leaving a partial vacuum, while the atmosphere presses 
the water into that space. 

But we find that the whole space is not exhausted, yet there is no gas remaining; 
for while the gas has diffused out, air has diffused into the tube (the gases have 
passed each other within the interstices of the plaster of Paris), and thuB we come to 
the relative movement of gases under the circumstances of diffusion, endosmose, and 
exosmose, as it was formerly called. 

The Bame gas, diffusing through different substances, occupies varying times, 
being quicker through unglazed pottery ware of Wedgwood than through Sicilian 
marble. The force or ]>ower of diffusion is considerable, os will be evident if the 
little apparatus about to be described be placed in an atmosphere of coal gas. The 

instrument consists of a porous cell, 
795 surmounted by a cylinder, in which 

is placed a piston of brass, the pis- 
ton being free to move, juBt as in 
the case of steam. Immediately 
that this instrument is placed in an 
atmosphere of coal gaB, diffusion 
commences ; the gas passing into the 
porous cell through its walls more 
rapidly than the air passes out, 
causes an increase of volume, 'which 
exerts its pressure on the lower side 
of the piston and carries it up 
through the cylinder. 

Fire-damp and choke-damp ac- 
cumulate slowly under some condi- 
tions, and rapidly nndcr others; 
there are, therefore, two main divi- 
sions to be met, and we will first 
explain how Mr. Ausell proposes to 
indicate the existence of a slowly 
accumulating mass of gas in a goaf, 
or other place. • 

' For the purpose of indicating by 
signal a slowly accumulated mass 
of fire-damp, or of carbonic acid, lie 
uses a balloon of tliin India-rubber; 
for, singularly enough, be found 
that be th thes«« gases cause an ex- 
pansion of the balloon. At first 
sight one can understand how marsh 
gas expands the balloon, by the law 
of diffusion, but that carbonic acid should also expand it, is so surprising, that the 
effect will require to be explained by a law not yet discovered. 
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The balloon is fUJfd with atmospheric air, and its nock tied tightly with silk, or 
wax-end, and a piece of linen is boundypound the equator of the balloon to prevent 
lateral expansion. The balloon c so prepared, is placed under a small lever a 
upon a stand of wood, so that it exerts a gentle pressure on the lever ; if now 
any fire-damp or carbonic acid accumulate round it, either of these gases pass 
through the substance of the India-rubber balloon, and accumulating inside, 
causes it to expand, thus to press against the lever, and raising it releases a detent 
n, k, by which the terminal poles of a buttery f arc connected, whereby we get tele- 
graphic communication with a distant place, or a warning on the spot at will. It 
muBt be stated that the temperature of a given place in a mine does not vary from 
year's end to year's end. The action of gases through India-rubber has been ex- 
plained, by assuming that the gases dissolve in the outer coats of the India-rubber, 
and in solution pass through and evaporate from the inside. This proposition is rather 
fascinating, but .Mr. Ansell refuses to regard it as the true explanation ; he is, 
therefore, engaged in investigating the facts in a larger field, and at a future tima 
hopes to discover the law which regulates the passage of gascB through ftiin India- 
rubber. 

These balloon instruments can be so arranged as to tell if the accumulation be still 
free from danger, or if it he explosive. • 

In the event of a sudden irruption of fire-damp, he applies the law of diffusion in 
all its simplicity ; for by an instrument, fiy. 795 a, he shows at once if there be gas, no 
irruption can be so sadden that this 
instrument cannot tell of its approach — 
say, in from 5 to 10 seconds — according 
to the percentage of fire-damp con- 
tained in the dangerous rdsh. It may 
be so delicately set as to give warning 
if the mixture be still below the explo- 
sive point The instrument consists of 
an iron fnnncl, u, whose stem is bent 
into a U, the funnel being closed with a 
plate, a, of unglazed Wedgwood ware 
(but, in his first experiments, he used 
broken flower-pot), the stem being closed 
by a cap of brass, c, through which is 
passed a platinum-tipped copper wire, 
capable of just dipping into the mercury, 
d, previously placed in the bend of the 
funnel. The distance between the 
platinum-pointed wire and the mercury, 
regulates the point at which the indica- 
tion shall be given as regards the irrup- 
tion ; that is to say, if a non-explosive 
mixturd is to give its warning, the wire 
must be brought almost to touch the 
mercury ; hut if it be intended to give its 
alarm for an explosive amount, then it — 
may stand a little farther off; but in no 
case to exceed the thickness of a shilling. If, when the instrument be ready, gas 
impinge on the porous tile diffusion takes place, aml„the pressure of the accumulating 
gas forces the mercury against the platinum- pointed wire, and the circuit being thus 
completed, telegraphic warning is given on the spot, as well us in the manager's room, 
if such be desirable either by a needle or by a bell. 

In the case of known accumulations, Mr. Ansell considered that, if the amount per 
cent could be readily ascertained, measures in proportion could be taken to sweep 
out by ventilation such a dangerous mass, lie tried instruments upon many 
systems, all acting by diffusion, am? with many obtained splendid results, such, for 
instance, as with a column of water or of mercury ; but in all eases temperature would 
he fatal, unless in the hand of a scientific man. Then, again, there is auothcr action 
depending on tb$ exchange of the proportions of the gases composing the utiuospliere, 
which leads to errora ; he has, therefore, been led to use the aneroid barometer, 
which, although far f#om a perfect instrument, is still reliable, and may be depeiyled 
on till a better is discovered. In this place we may mention that Mr. Ansell is now 
at work at a most beautiful pocket indicator, which wc have reason to believe will 
avoid all the difficulties of the aneroid, and be simply an indicator, not a compound 
instrument answering three purposes, os does the aneroid indicator. That marvellous 
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arrangement, the Davy lamp, gives magnificent indications, and jit may be asked, why 
try to go beyond it ? Mr. Ansell says, “ I hope to supplement it oy another indicator, 
for it must still be used with my proposed instrument; yet I am not without hope 
that I shall soon make my instrument self- registering, then I shall hope it will be 
even more useful than in its present form.” 

The instrument, Jfy. 795 b , about to be explained, is an aneroid barometer of the most 
delicate construction, the brass back of which has been removed, and its place occupied 
by a porous tile, n. There are beside one or two minor alterations, such, for instance, os 
a small valve. A, to be used At pleasure. This instrument acts by pressure on the outside 
of an aneroid chamber, c, which, by a system of levers, causes a hand to travel over a 
dial face, which i'b graduated in inches just as the ordi- 
nary aneroid, so that it can be used as a barometer, and 
as such con be relied upon. If wc desire to experiment 
for fire-damp, or for choke-damp, by means of this indi- 
cator, it must l>c taken into the neighbourhood of the sus- 
pected atmosphere, and held by the ring handle, a, till it 
lias become of the same temperature as the new place. 
It is absolutely necessary to follow these instructions, 
because, when the vulve is closed, the instrument fa 
affected by temperature ; when the temperature is equal- 
ised, which is usually a short time, and may be knowu by 
the fact that the hand remains stationary after the valve is 
closed. The valve, which is simply a hole bored through 
the handle a, so that by turning the handle the utmosphere 
is admitted or excluded at will, is closed by screwing it 
tightly, and the position of the hand recorded. Then the 
brass cap i>, which protects the porous tile, is removed, 
and the instrument held up into the suspected atmo- 
sphere, when in about 45 seconds the maximum effect 
is produced ; at this time it is necessary to read the 
barometer accurately, because the maximum point hav- 
ing been reached, effusion takes place, and the hand travels 
back to zero. 

Effusion is the mechanical passage of gas through the 
tile by pressure alone. This action proceeds with die dif- 
fusion, hence we never obtain all the effect calculated 
upon ; but directly difiusion ceases, effusion going on 
empties the chamber of gas, so that if the instrument lie held long enough in the 
same atmosphere, the hand will return to zero, whence it Btarled, and remain there 
till the instrument is taken into a purer atmosphere, or into one more fully charged. 
If into an atmosphere more fully charged, the barometer will rise, and this increased 
reading must be added to the other reading, so as to obtain the amount present at 
the new place. Thus, in one reading it gives 3 per cent, of fire-damp ; this at- 
mosphere remains, and the hand returns to zero, but the instrument is placed in an 
atmosphere which gives 7 per cent on its face, therefore the 7 + 3=10 per cent., 
which can be confirmed by taking the instrument into the intake gallery for a few 
minutes, and then, putting on the cap, carry back the instrument to the suspected 
atmosphere, and it will at once indicate the 10 per cent. 

Effusion has been a source of great trouble in the elimination of a suitable substance 
for a diffusion septum, but Mr. Ansell haB just now happily found that Sicilian marble 
supplies his wants for this substance, permits diffusion to take place while it almost 
entirely arrests effusion . This will have a very important bearing on the indication 
of fire-damp, because it will now be only necessary to lit a plate of Sicilian marble 
into the iron funnel of fig . 795a in the place of the porous tile a, and that instrument 
will be used instead of the delicate instrument shown at fig. 795, which, it must be 
admitted, is extremely delicate and liable to destruction. ISy n»'nilatng the thickness 
of the marble from one-eighth of an inch to ofic inch, Mr. AnscJl proposes to meet 
the cases of the varying times required for the various rates at which gas accumu- 
lates. The instrument shown as fig. 795 must still bo used for slow accumulations 
of choke-damp, unless it be finally assented to adapt a modification of the instrument 
fig . 795a, so that the rising of mercury in the bell cup b he mode to telegraph. 

£11 the time the valve, a, of the aneroid indicator fa ojfen, tin instrument is 
a barometer, therefore it indicates change of altitude ; at the spot one wishes to test 
the valve is closed; a knowledge of this will preclude the possibility of mistaking 
change of altitude for gas. It is well to remember that this instrument is not 
intended to detect gas : its inventor intends it to be used only to determine how much 
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gas exists in any pfece where it has been shown to exist. A few intelligent obser- 
vations will make any man as perfeo^y acquainted with the indicator as with his 
watch. 

It is imperative that the instrument be held by the ring handle, else its action 
cannot be depended on. Mr. Ansell has found that the following figures are to be 
relied upon for fire-damp, and for carbonic acid : — 


With Rising Barometer . With Falling BaromAer. 
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Mr. Ansell acknowledges with much pleasure the services of Mr. Thomas W. 
Short (of the firm of Marmtt and Short, G3 King William Street), who, by a generous 
exertion, practically realised the ideas Mr. Ansell conveyed to him, and so produced 
the necessary apparatus. 

The following actual experiments were made by Mr. Ansell in a coal-pit at the 
Incc Hall Colliery, on the 7th June, 18G6, in the presence and with the assistance of 
some officials of the luce Hall Colliery Company. 

Two aneroid barometers were used, each with tiles of different thicknesses, with a 
view to determine the proper thickness. The instrument denoted by the * had the 
thinner tile.. 


Time > 

Aneroid Baro- 
meter Indicator. 

Difference. ! 

Amount 
of gas in- 
dicated. 

Distance 

from 

floor. 

1 

Davy Lamp giving to the Underviewer 
indications as follows. 

by expe- 
riments. 

Before 

experi- 

ment. 

After 

experi- 

ment. 

Seconds. 

Inches. 

Inches. 

Inches. 

Per cent. 

Inches. 

i 

50 

30-65 

3071 


5-00 

— 
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CM 

30-40 
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0-13 
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— 
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24 

Thrcc-inch cap on flame. 
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40 

Lamp exploded sharply. 
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Lamp exploded sharply. 
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Half-inch top on flame. 

*50 

30-59 

30-64 

0-05 

4-50 

18 

One* inch top on flame. 
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[ gas without fear of extinction. 


Not*. — It was remarked by the underviewer, that the lamp indicated a varying 
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amount of gas within a few seconds at the same place. Thesfvshanges were attri- 
buted to the heat from our lamps and fronvonr bodies, and it was found that the 
lamps and indicators most nearly agreed when both were taken into the gas at the 
same instant 

(1) It was agreed that this was held 10 seconds too long, as the index hand 
travelled backwards. 

FIRESTPN E, signifies a stone which will bear the heat of a furnace without injury. 
In geology the term is generally applied to the sandstone which occurs at the top of 
the upper green sand in the south of England, which, from its power of withstanding 
the effects of heat, is frequently used for lining kilns and furnaces. It is a greenish 
calcareous sandstone, soft, and easily worked in any direction when first taken from 
the quarry ; bnt on exposure it becomes extremely hard and durable, and well suited 
for building purposes. Many of the older churches in Dorsetshire are built of this 
stone. — H. W. B. 

, FIRE WORKS. See PrnoTECiixT. 

FIR-WOOD. {Abies.) 1. Thb Silver Fir, Pinua abies. ( Sapin Commun , 
Fr.; Weiss Oder Edel Tan ns, Germ.) 2. Scots Fir, Pinua xylvestri a. ( Pin 
D'Ecosae , Fr. ; Kiefer Oder Ftikre , Germ.) These are valuable as timber-trees, and 
for the resinous juices Which exude from them. 

F1SII. Many of the parts of fish enter into manufactures, and prepared become 
articles of commerce. The true isinglass is sometimes sophisticated by the skins of 
common fish. Fish oil finds employment in many ways. 

Imported fresh fish not of British taking in 1864, 154,107 cwts., the computed 
real value of them being 137,0071. Of enred or salted fish, 274,677 cwtB., valued at 
295,057/. 

FISII SKIN. The skin of the dog-fish, shark, and other ganoids, used occasionally 
in polishing and in cleaning rounded and irregular works in pattern making. 

FLAGSTONE: a stone which splits freely in a particular direction along the 
original lines of deposition of the rock. These are generally sandstones, and the 
splitting surfaces are frequently produced by thin lamina: of mica; but thin bedded 
limestones also furnish flagstones, of which some beds of Purbeck limestone and 
the Stoucficld slates are examples. Flagstones are also obtained from Idas limestones, 
which are, in fact, thin beds of indurated cl;iy.— II. W. B. 

FLAKE WHITE. This name is applied indiscriminately to pure white lead, and 
to the trisnitrite of bismuth. 

FLAME ( Flamme , Fr. and Germ.), in the ordinary acceptation, is the combustion 
of a mixture of an inflammable gas or vapour with air. That it is not, os many sup- 
pose, combustion merely at the exterior surface where the gas and the air come 
in contact with each other, is proved by passing a fragment of phosphorus or 
sulphur into the centre of a large flame. Either of these bodies ignited in 
passing through the film of flame will continue to burn there with its peculiar 
light ; thus proving that oxygen is mixed with the vapour in the interior. If we 
mix good coal gas with as much atmospheric air as can convert all its carbon into 
carbonic acid, the mixture will explode with a feeble blue light; but if we mix the 
same gas with a small quantity of air, it will burn with a rich white flame ; a know- 
ledge of this fact has led to the practice, in many of our large gas works, of pumping 
air into the gasometers with the coal gas, a dishonest and a dangerous system. In 
tlic latter case, the carbonaceous particles ore precipitated, as Sir H. Davy first showed, 
in the interior of the flame, become incandescent, and constitute white light : for from 
the ignition of Bolid matter alone fi in the prismatic rays be emitted in that concen- 
trated union. Towards the interior of the flame of a candle, a lamp, or a gas jet, 
where the air is scanty, there is a deposition of solid charcoal, which, by its ignition, 
increases in a high degree the intensity of the light If we hold a piece of fine wire 
gauze over a jet of coal gas close to the orifice, and if we then kindle the gas, it will 
bnm above the wire with its natural brilliancy ; but if we elevate the gauze progres- 
sively higher, so as to mix more and more air wjjLh it before it rea'dtL.; the burning 
point, its flame will become fainter and less white. At a certain distance it becomes 
blue, like that of the above explosive mixture. If a few platina wires be held in that 
dim flame they will grow instantly white hot, and illuminate the apartment On re- 
versing the order of this experiment, by lowering progressively a flat piece of wire 
gauze from the summit towards the base of a gas flame, we shall find no charcoal 
depqsited at its ton, because plenty of air has been introduced tfrere to Convert all the 
carbon of the gas into carbonic acid ; bnt as we descend, more and more charcoal will 
appear npon the meshes. At the very bottom, indeed, where the atmospheric air 
impinges apon the gauze, the flame is Mne, and no charcoal con therefore be depo- 
sited. 

The fact bf the increase of the brilliancy and whiteness of flame by the development 
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and iguition of solid matter in its bosom, illustrates many curious phenomena. We 
can thus explain wfcy olefiant gas affords Jhe most vivid illumination of all the gascB; 
because, being surcharged with charcorj, its hydrogen lets it go in the middle of the 
flame, as it does in an ignited porcelain tube, whereby its solid particles first get ignited 
to whiteness, and then bum away. .When phosphorus is inflamed, it always yields a 
pure white fight, from the ignition of the solid particles of volatilised phosphorus 
rapidly converted to phosphoric acid. 

In the blowpipe flame from an oil-lamp or a candle, the inner blue fame has the 
greatest heat, because there the combustion of the whole fatty vapour is complete. 
The feeble light of homing hydrogen, curbonic oxide, and sulphur, may, upon the 
principles now expounded, be increased by simply placing in them a few particles of 
oxide of sine, slender filaments of amianthus, or fine platina wire. Upwards of 
twenty years ago Dr. Ure demonstrated, in his public lectures in Glasgow, that by 
narrowing the top of a long glass chimney over an argand flame either from oil or 
coal gas, the fight could be doubled, at the same cost of material. The very tall 
chimneys used by the lamp-makers are very wasteful, as they generate a strong 
current of air, and the combustion of the solid matter is carried on with gr&t rapidity. 
With a narrow chimney of half tlie length we can have nearly as good a light, and 
save 30 per cent, of the oil. See Blowpipe. 

FLANDERS BRICES, commonly called Bath bricks. These arc made in large 
quantities at Bridgewater, from the silty clay deposited in the estuary, which contains 
a large quantity of fine sand. These bricks are much used for domestic purposes, 
also in making founders’ cores, and for polishing some steel articles. 

FLANNEL. A plain woollen stuff of a rather open and slight fabric. See 
Woollen Manufactures 

Wales is the country in which flannel was originally made, and the Welsh flannel 
is still held in much estimation. Hand labour is rarely employed in the produc- 
tion of Welsh flannel, and though it is not so cheap as some others, the quality and 
finish of this fabric generally causes it to he preferred for vests worn next the 
skin and similar purposes. Flannels are now made more extensively at Rochdale than 
in any other part of the world. In that neighbourhood the manufacturers produce 
the greatest variety of widths, finish, and substance, vis. : the thin, the medium, the 
thick, double raised, and swanskin. Saddlcworth produces the so-called Saxony 
flannels, which arc much admired, and some varieties are produced at Leeds, and 
finished the natural colour of the wool. Iu the West of England flannels ate made, 
but not extensively, and in Ireland a few varieties of low flannels and coatings, 
called Galways, are manufactured from Irish grown wool. 

FLASHINGS. Pieces of lead or other metal let into the joints of a wall so as to 
lap over the gutters, and prevent the splasliings of rain from injuring the internal 
work. 

FLASK. In founderieB, a shallow iron frame, without top or bottom, used for 
moulding. The lower flask is culled a drag. 

FLAT. The name of a river boat, usually flat-bottomed, and carrying from 80 to 
120 tens. This term is also applied to baskets in which butter is now sent from all 
parts of the country to the London markets. 

FLAT RODS. In mining, a series of rods for communicating motion from the 
engine, horizontally, to the pumps or other machinery in a distant shaft 

FLATTING. The operation of finishing house painting so as to prevent the un- 
pleasant glare, which arises from a surface left in simple oil colour. The flatting 
colour should he incorporated with a large quantity of spirits of turpentine. This 
drying leaves a dull surface, which is produced by tjie resin of the turpentine. Unfor- 
tunately, from the high price of turpentine, naphtha is now commonly employed. As 
naphtha contains no resin, the colour is not so permanently placed upon the surface, 
it washes off readily, and is liable, after a season, to fall off as dust This substitution 
of naphtha should therefore never be allowed. 

FLATTING MILL. A mill for rolling out metals into plates. Cylinders of 
great power aPe employed for this purpose. 

FLAIJGRTS. Tools for carding wool, used chiefly in Scotland. 

FLAVIN. A yellow dyestuff imported from America, and used as a substitute 
for quercitron bark. Ft is prepared by dissolving it in hot water, with which it 
makes a somewhat turbid soitition. It should be used when newly dissolved, for if 
allowed to stand it deposits a brownish-yellow mass, in consequence of its not being 
all complete^ soluble in water. If boiled in distilled water until all the sylublc 
matter is taken np, and the clear solution decanted, it soon yields a deposit The 
colour produced by flavin is never good until raised. A colour dyed by it weakens' 
gradually when a little sulphuric acid has been added ; but what remains retains its 1 
brilliancy by raising, and in respect of this property it differs from hark. 



326 


FLAX. 


The quantity of colouring matter in flavin is very great, its value as compared 
with hark is 16 to 1, or one ounce of flavin is equal to one poun^of quercitron bark. 
A portion burned left 4*4 per cent of ash,"a^.d a solution of it gives the following 
reaction with salts : — 

Persalts of iron - Change black precipitate. 

Protosalts of iron - Deep greenish black precipitate. 

Protosalts of tin - - - - Lemon yellow precipitate. 

Persists of tin - - - Orange yellow precipitate. 

Alumina ----- A rich yellow precipitate. 

Acids lighten the colour of the solution, and alkalies deepen it, rendering it 
redder. — Napier. 

FLAVINDIN. A substance isomeric with indin and Indigo blue. It is produced 
by the action of potash on indin. FJavindin may be obtained in largo quantities by 
continuing the ebulition of indin with solution of potash for a long time. It is 
purified by solution in water containing a few drops of ammonia, and precipitation 
4ith hydrochloric acid. Fluv indin is of a pale yellow colour, and U sparingly 
soluble in alcohoL See Watts’ “ Dictionary of Chemistry.” 

FLAX (Latin, linum ; French, tin ; Italian and Spanish, linos Portuguese, linho ; 
German flacha ; Dutch i ^cw), the Linum vsitutissimum, a plant of the class Pcntundria. 
order Pentagynia, in the system of Linnicus, and the type of the order Lmucera, in 
the natural system of Botany, largely cultivated for its fibre and seed, and, next to 
cotton, the most extensively used raw material for textile manufacture in the vegetable 
kingdom. This plant was primarily a native of Asia, and was introduced at an early 
period, into Europe. Frequent mention is m:idc of it in scripture history, as grown 
both in Palestine and in Egypt, as well as of the fabrics manufactured from its fibre. 
It was probably introduced into Europe by the Phoenician traders, or the Greek 
colonists of Egypt and Syria. Homer alludes to the linen manufacture of Greece. 

At the present day, the flax plant is grown for fibre alone, for Beed alone, or for 
both products together, in many countries of the eastern, and in some of the western 
hemisphere. For seed alone, in Hindostan, Turkey, and the United Statesof America; 
for fibre and seed in Russia, Belgium, Holland, France, Germany, Scandinavia, Italy, 
Switzerland, the Iberian Peninsula, Great Britain, and Egypt ; in Ireland, chiefly for 
the fibre, without utilising the seed. 

The average annual production of fibre, in the chief countries where flax is grown, 
is as follows; — 

Toni. 


Russia - 

France 

Belgium 

Holland 

Austria 

Prussia 

Ireland 

Egypt - 


130,000 

48.000 
'18,000 

9,000 

60.000 

32.000 

35.000 

10.000 


and adding all other countries, we may estimate the entire annual weight of fibre 
produced throughout the world, at 400,000 tons. 

The quantity of seed may be taken at nearly 2,000,000 of quarters. At tlie 
average value of fibre and seed, the annual production in all countries, of the former, 
may be given in value at 20,000,000/., and of tlie latter at 5,000,000/., making in all, 
25,000,000/. as tlie worth of tin riiw produce, before its conversion into woven fabrics 
and feeding stuffs. 

The flax plant has a single slender stem, varying from 2 to 4 feet in height, ac- 
cording to tlie nature of the soi’ und the season, with the difference of climate, and 
mode of culture. . It has lanceolate, sessile leaves, of a rich green colour, and branches 
out, at the top, into two or more small stems, each of 2 or 3 inches in length, 
and bearing light blue flowers, succeeded by r lr »ular capsules, pointed at the apex, 
and bearing 8 to 10 seeds of a reddish brown, when ripe. The stem of the plant 
consists of an inner part, or core, sometimes hollow, but more frequently solid, com- 
posed of ligneous matter, surrounded with a bark of fibres, which are united to each 
other by a gum, the whole being sheathed in a fine epidermis. The "plant arrives at 
maturity in 14 or 15 weeks after the seed is sown. It has then changed to a pale 
yellow or straw colour, and the seeds have become brown. The usual period of 
sowing, in European countries, is from March to May, although in some parts of the 
Continent the seed is put in the ground in autumn, but in this case nothing is gained, 
as the plant becomes mature very little earlier than when the sowing is done in 
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spring. It is grown on a wide range of soils, sandy, calcareous, clay, loam, peaty, &c., 
but that best adupi^l to it is, either a deep, friable, clay loam, or the alluvial deposit 
of rivers, whether along their banks, their deltas, or where reclaimed from the sea, 
as in the case of the polders of HollancL Deep tillage, good drainage, and repeated 
pulverisation of the soil, are very requisite. r l he preparations for the crop are begun 
m winter, by ploughing the surfuce, and turning it up to the action of frost : they 
are completed in spring, by plowing and harrowing. The seed is sown at the rate of 
2.} bushels per statute acre, the best season being April. In the British Isles, 
Belgium, and Holland, the favourite seed is obtained from Russia, R%a being the 
port of shipment Dutch seed is also extensively in use in Ireland, in the heavier 
class of soils. American is also occasionally used in Ireland, aud a good deal of 
home grown seed — the first year’s growth from Riga seed (one year from the barrel ), 
which is considered quite equal to the parent No manure is used iu Ireland, hut in 
Belgium aud France, rape cake dissolved in urine is considered very useful. The 
seed is sown broadcast, and the soil is afterwards rolled. When the plaut is a few 
inches high, weeds are carefully removed, and no further attention is necessary until 
the season of pulling. Flax is not cut with the scythe or sickle, but is pulled up by 
tlie roots. A bout the middle of August it is generally ready for pulling, in the British 
Islands, but in Belgium and France, it is iu a fit state 2 to 3 weeks earlier. 

The alter treatment varies in different countries. In Russia, part of Belgium and 
• Holland, and in France, the plant after being pulled, is dried in the sun, being set up 
on the root end in two thin rows, the top interlacing in the form of the letter V in- 
verted. The sun and air soon thoroughly dry the stems, and they are then made 
into Bheaves, and the seed afterwards beaten off. The stems are steeped subsequeniy. 
Another m:>de, in general use in Ireland and in part of Flanders, is to steep the green 
stems immediately after they are pulled. In Flanders, the seed is invariably separated 
from the stems before the latter arc immersed in water. In Ireland, although this 
is practised to some extent, yet the great hulk of the flax crop is pu£ in the water at 
once, with the seed capsules attached, and consequently there is a very considerable 
annual loss to the country, by this waste of a most valuable product of the plant. 
In the Walloon country of Belgium, in its eastern provinces, aud in the greater part 
of Germany, deiv-rcttincj is practised. That is, in place of immersing the stems in 
water, they are spread thinly on short grass, and the action of the dews and rains 
ultimately effect what immersion in a running stream or jxxd accomplishes in a much 
shorter time, namely, the decomposition of the gum which hinds the fibres to the stein 
and to each other. Fibre obtained by this method is, however, of very inferior 
quality and colour. 

If the fibre of flnx he separated from the stem, without the decomposition of this 
matter, it is found to he loaded with impurities, which are got rid of afterwords in the 
wet-spinning, the boiling of the yarn, the subjection of the woven fabric to the action 
of an alkaline lye, and the action of the atmosphere, — of rains and of alternate dippings 
in water, acidulated with sulphuric acid, and of a solution of chloride of lime, which 
are all required to perfect the bleaching. The great object, therefore, is to obtain the 
fibre, as nearly free from all foreign substances ns possible, and, consequently, the 
mechanical separation of it from the woody pith of the stem is not to be recom- 
mended. 

At various peri oils attempts have been made to prepare flax fibre without steeping. 
Weak acids, solutions of caustic potash, and of soda, son]), lye, and lime, have all been 
tried, but have all been found objectionable. Iu 1815 Air. Lee brought before “ tlie 
trustees of the lineu and hcm]>cn manufactures of Ireland ” his system of separating 
the fibre without, steeping, lie alleged that a la\jge yield was thus obtained, that the 
colouring matter could afterwards be discharged by the most simple means, and that 
the fibre possessed greater strength. But it was found that the system was practi- 
cally worthless. In 1816, Air. Pollard, of Alanchester, brought forward a plan of the 
same nature, aud proposed to make an article from flax, which could be spun on 
cotton machinery. This also fell to the ground. Iu France and Belgium, at different 
periods, simitar projects were loi^nd equally impracticable. In 1850, and again in 
1857, Mr. Donlau revived the same, but the same fatal objections prevented the success 
of the system. The fibre was loaded with impurities, and the apparently larger 
yield over steeped fibre, consisted solely of these very impurities, which had to be 
got rid of in file after processes of manufacture. At tlie same time it must he recog- 
nised that the “ dry separated *’ fibre can he rendered useful for one class of manu- 
factures, vi2., tliosft where no bleaching is necessary, and its great strength here 
an object For ropes, rick-covers, tarpaulins, rail way -waggon, covers, &c., where 
pitch or tar arc used, aud preveut 4he decomposing action of moisture and of atmo- 
spheric changes, this mode of obtaining flax fibre is highly nscftil. 

The immersion of the flax stems iu water, either as pulled full of sap, or after 
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drying, appears, as yet, to be the best mode of effecting the decomposition of the 
gum, and obtaining the fibre pure, or nearly so. The crater mgafc suitable for this 
purpose is that obtained from surface drainage, springs generally holding more or 
less of mineral matters in solution. Spring-water from a calcareous soil iB peculiarly 
unsuitable, the carbonate of lime which it contains being adverse to the putrefactive 
fermentation of the vegetable extractive. In llussia, much of the flux grown is 
steeped in lakes. In Holland, it is always steeped in pools filled with the surface 
drainage. In France and Belgium, it is either steeped in pools or rivers. In Eng- 
land and Ireland, generally in pools, though occasionally in rivers. The most cele- 
brated steep-water in the world is the river Lys, which rises in the north of France, 
and flows through the west of Belgium, joining the Escaut at Ghent. Although the 
water of this stream has been analysed, chemists have not tgeen able to discover why it 
should be so peculiarly favourable to the Bteeping of flax. All along its course flax 
is steeped, The trade is in the hands of factors, who purchase the dried steniB from 
the growers, and undertake all the after processes, selling the fibre to merchants when 
it lias been prepared for sole. The apparatus in use consists of wooden crates, 12 feet 
lobg, 8 wide, and 3 deep. The sheaves of flax-straw are placed erect in the crates, 
and the root ends of one arc tied to tlic top ends of another, to secure uniformity of 
packing. The crate, when filled, is carried into the river, and anchored then*, tlic 
upper part being sunk by the weight of stones, 6 inches underneath the surface. The 
period of steeping begins in May, and ends about September. The previous year’s 
crop is tltus steeped, having lain over in the state of dried straw during the winter. 
All the flax thus treated produces fibre of a yellowish white colour, very soft and 
lustrous, with very finely divided filaments, and strong. From it almost exclusively 
is made cambric, the finest shirtings, and damask table -linen. It is a strange fact 
that flax straw is brought to the Lys, from a great distance, and even from Holland, us 
no other water has yet been found to give such good fibre. 

In 1847 a netf system of steeping was introduced in Ireland, by Mr. Sclicnck, of 
New York. It had been successfully tried in America on hemp, and the inventor 
crossed the Atlantic to try its efficacy on flux. His plan consisted in hastening the 
putrefactive fermentation of the vegetable extractive by artificially raising the tem- 
perature of the water to 90° Fahrenheit. By this means instead of an uncertain 
period of seven to twenty-one days being required for the Btcep, according to the stale 
of the weather and the temperature of the atmosphere, the flax was retted uniformly 
in sixty hours. The flax straw, after the separation of the seed, is placed in wooden 
or brick vats, and the heat is communicated by forcing steam into a coil of iron or 
leaden pipes, placed under a false bottom perforated with holes. 

The annexed plan (Jit/. 7 9! if) of a retting on Schcnck’s system, capable of consuming 
annually the produce of 400 acres of flax, and employing, in all the operations of 
seeding, steeping, drying, and scutching, 30 men and 55 girls and boys, or an aggre- 
gate of 85 persons, will give an idea of the arrangements. The secding-liousc 
requires to be of large size, as flax straw is a bulky article. It is on the ground floor, 
for the convenience of carting in the flax. The loft above it is nsed for cleaning and 
storing the seed. The vnt and spread i tig-rooms are in a building of one story only, 
built with a vaulted roof resting on pillars. That part of the roof which is over 
the vats has lower windows to aid the escape of the vapours from the vats. The 
drying sheds at the top of the plan are on an open space, well exposed to the wind, 
and fifty or sixty feet apart The hot air rooms or desiccating house are fire-proof, 
each room capable of containing the flax turned out in one day’s work. The scutch 
mill, with engine aud boiler-house, complete the plan. 

The advantages of this systcir w^re so manifest that it was speedily adopted in 
many parts of the United Kingdom and of the Continent. It was found, however, to 
have some defects. The small quantity of water soon became thoroughly saturated 
with the products of decomposition, and the fibre of the flax, when dried, was, conse- 
quently, found loaded with a yellow powder, offensive to the smell, causing incon- 
venience in the preparing and spinning, and worse still, acting prejudicially on the 
quality of the fibre itself, rendering it harsh and dr^. 

To obviate these defects, Mr. Pownall, of ljOndon, conceived the idea of pressing 
the flax straw, immediately when taken out of the steep, between a pair of smooth 
cast-iron cylinders, while, at the same time, a stream of water played upon the rollers. 
By these means the foul water of the vat is pressed out of the flax steus, which arc 
flattened and bruised, thus tending to aid the separation of tlic bundles of fibres into 
minute filaments, while the stream of water effectually washed *way all rem ain ing 
impurities. 

It has recently been found that better fibre can .be obtained by reducing the tem- 
perature and extending the time of steeping. The most perfect adaptation of Scheuck’s 
system is at the rettery of M. Auguste Scrive, near Lille, and Jig . 796 is a repre- 
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sentation of it Tanks of wood or stone are used, each to contain two and a half tons of 
flax straw. The straw is classified according to quality and length before being packed 
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and a five exit for the gases germinated by Hie fermentation. r J be tank being filled 
with water, the whole is secured at the tops of the Bhcaves by narrow styips of wood 
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four inches thick a, catching the tops on the whole length of each row of bundles. 
These strips of wood are kept firm by cross iron holders b, secirled by iron bars c, 
fastened to pieces of wood d, worked into the^side walls of the tank, leaving a surface 
of four inches deep of wuter over the top of the flax. When the tank has been filled 
with cold water through the wooden shoot e, the whole is rapidly heated to 78° 
Fuhrenheit, by means of steam pipes coiled under the false bottom. . A second open 
shoot f, carries heated water at 90° to discharge on the surface, besides two closed 
pipes o g, oqp of which brings hot water of the same temperature, and the other cold 
water. When fermentation sets in, which is ordinarily in eight hours, the pipe, as 
well as the shoot of water at 90°, is set at play. The first to create a continual current 
of fresh water through the mass of flax, clearing off the products of decomposition, 
aud bringing them to the surface ; the second to drive this foul water to the openings 
H H, where it is discharged by the overflow. The two pipes with heated and cold 
water going to the bottom of the tank, as well as the two shoots containing eold and 
hot water, to go to the surface, are ulso made use of to equalise the temperature during 
the whole operation, which is ascertained by the use of a thermometer in the square 
wooden boh j j. The steeping of coarse straw requires .36 to 48 hours, medium 
qualities 50 to 60 hours, and the finer descriptions 60 to 72 hours. The “ wet roll- 
ing ” between cylinders after the steep is accompanied by a shower of water at 78°, 
not on the flax but on the top of the cylinders. This removes the remaining impu- 
rities, and prepares the straw for being easily dried. The heated water may be ob- 
tained from the waste water of a spinning-mill, or from a condensing steam-engine. 

Flax steeped by Schcnck's Bystem is dried in various ways. Some retters have 
drying houses with heated air, others set up the flax loosely on the root end, in the field, 
or spread it thinly on the grass, while others, again, clasp it between two slender 
pieces of wood about a yard in length, and hang these up in a building open at the 
sides, so that a current of atmospheric air is constantly passing through. 

In 1852 another mode of retting flax was introduced by Mr. "Watt, of Glasgow. 
Instead of immersing Lbe stems in water, he subjected them to the notion of steam. 
Square iron chambers were employed, in which the flax straw was packed. The door 
by which it was. introduced was then fastened by holts or nuts, aud steam was then 
driven in. The steam penetrated the stems of the flax, and being partially condensed 
on the top and sides of the iron chamber, a constant drip of water, lukewarm, fell ujxm 
the flax. In twelve to fourteen hours the stems were removed, and, after being dried, 
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the fibre readily separ .ted from the woody core, the water remaining in the iron 
chamber beiqgr of a dark brown colour, w ithout offensive cdour. The fibre obtained by 
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this method was of a greyish colour, and was at first well thought of by manofiictnrcrs ; 
hat, in the end, onfeore extended trials it yas found to possess several defects, and 
Watt’s Bystem is not now carried out a 

Another system of treating flax was introduced by 91 Claussen, a Belgian, and for 
some time it attracted much attention. He separated the fibre from tbe stem without 
steeping, and then, by the employment of acids and alkalies, he got rid of the vegetable 
extractive and other impurities, and produced a fibrous mass strongly resembling cotton. 
He professed to make an article capable of being spun with cotton of wool. The 
higher value of flax fibre, however, was a great obstacle, and at present the only use 
made pf his process is to convert scutching tow —the refuse flax fibre— into an article 
to be spun with wool, and even this is practised to but a very small extent 

Messrs. Barton and Pyc’s patent (Jiff. 797) is a modification of the hot water steep. 
By this process the flax straw, after the seed is removed, is passed through a machine 
composed of plain and crimping rollers, by the combined action of which tbe woody 
part is rendered easily separable from the’fibre. Tbe latter is then placed in a vat, 
holding about a ton, which is subsequently filled with cold water. This v^t has a per* 
forated false bottom, under which steam, with a pressure of 50 lbs. to an inch, is in- 
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is continued nntil the liquid in the vat reaches 80° Fahrenheit The flax remains in 
it at this temperature for thirty hours, when the surface of the li<fBd is covered with a 
saponaceous froth. Then an apparatus of civ-ss bars of wood, closely, fitting into the 
interior of the vat, and pressed by two powerful screws, expresses the impurities from 
the fibre. The supply of the fuller’s earth is stopped, and cold water is alone sup- 
plied with the steam, so regulated that the temperature is by degrees raised to 150°, 
the pressure being continued until the water appears free from impurities. The water 
is then withdrawn from the vat through a valve in the bottom, and a pressure equal to 
200 tons is applied to the mass of the flax. It remains under this pressure for four hours, 
when it is half dry. It is then taken out and dried in sheds open at (he sides .to the 
air. The fibre produced by Mr. Pye's method appears of good quality and strongs 
but the system has not as yet been carried out on a sufficiently large scale to admit of 
a decided opinion on its merits. 

The same may be said of the plan of M. Terwangue, of Lille, who employs hot 
water at a temperature of 15° to 17° centigrade , 60° Fahr., in which fchalk and char- 
coal have been placed. His process requires seventy- two hours on the average, and 
he employs ‘brick tanks. The water is, as in all the preceding cases, heated by steam. 

Before leaving the subject of Bteeping, reference may be made to a process patented 
by Mr. F. M. Jennings, of Cork, by means of which coarse flax fibre is rendered 
ca]>ahlc of being subdivided into minute filaments, or, in other words, made fine. 
‘While the fibre of cotton is incapable of subdivision, that of flax, as viewed through 
the microscope, is seen to consist of a bundle of extremely delicate filaments adhering 
together, so that fine and coarse flax are reully relative terms. Mr. Jennings throws 
down upon the flax fibre, as it apiieors in commerce, a small quantity of oil, say half 
an ounce to the pound of fibre. He effects this by boiling the fibre in an alkaline soap 
lye, washing with water, and then boiling in water slightly acidulated with pyrolig- 
neous acid, which decomposes the soap and leaves its fatty constituent on the fibre, 
it is afterwards washed once more, and is then found to be soft and silky, and the 
coarse fibres capable of being readily separated on the hackle, while the strength is 
not apparently reduced. There is also a greater facility in the bleaching of the linen 
made from flax fibre so treated, and less loss in weight in the bleaching process. 

While some of the inventions referred to for hastening and equalising the time of 
steeping are being carried out to a considerable extent, and promise well, when brought 
to a greater degree of perfection by experience in practical working, to be yet more 
largely employed, the great mass of the flax grown throughout the globe is steeped in 
pools, rivers, or lakes. It will, therefore, be most advisable to follow the processes, as 
practised by tlic growers or factors. 

When the flax has been sufficiently retted, t. c. when on taking a few stalks out of 
the water the fibre can be readily separated by the fingers along its entire length from 
the woody interior, it is removed from the water, and placed to drain on the hanks of 
the pool or river. It is then taken to a closely shorn grass-field or old pasture land, 
and spread thinly and evenly on the ground, in Flanders, however, the system of 
drying is somewhat different. Instead of being spread flat on the ground, the sheaves 
are divided into four portions, and these are set upright in capeUes , «. e., the butt ends 
are spread widely out in a circle on the ground, and the tops are kept close together. 
By this means the sun and air soon dry the flax. When thoroughly dried it is tied 
up in sheaves, and after remaining a few days in the usual form of a grain stack, it is 
ricked. In this state it may remain for years without the fibre being deteriorated. 

The next process is termed scutching (French, teillagc ), and is intended to separate 
the fibre from the woody matter of the stem, and thus to make it fit for the spinner. 
The first part of this process is to biuise the stems thoroughly, so that while the fibre, 
from its tenacity, is intact, the brittle woody part is flattened and broken in such a 
manner aB to admit of its easily being beaten off by the action of the scutcli-blade or 
scotch-mill. In most countries the bruising is done by hand. In Flanders and France 
the flax straw is first laid flat on the ground, the sheaf being untied and spread thinly, 
and the workman, placing his foot upon it, beats it with on instrument • ailed a muil, 
having a curved handle and a heavy square indentwd mallet, yfy. 799. 

The next part of the process is to give the flux repeated blows in a machine termed 
a brace or brogue , fig. 800. This is generally made of wood, but sometimes of iron, 
and consists of two rows of grooves t t, the upper one moving on a pivot at die 
socket s. A stout pole P runs from eud to end of the upper row of teeth. The latter 
are wedge-shaped, 4} inch deep, lj inches thick at top, and 33.’, inches long from the 
head i»to the socket b. The head weighs about 8 lbs. and is i() inches long, and 
inches thick. The lower row of teeth consists of four, while the upper is three, fitting 
into the interstices. The best wood for the machine is that of the apple-tree. 

Next comes the scutching proper, still following the Belgian, French, and Dutch 
method of hand-work. After the flax has been bruised by the mail, and crushed by 
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the hraque, it is re^jy for the scutching process. In Belgium and France the method 
pursued is by the employment of a wooden stand (Jig. 801). A broad plank of 
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upright plank, about 1J to 2 inches wide. This cut serves for the introduction of a 
handful of the flax straw, bruised as before described, and the workman holding it three- 
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fourths exposed through the slit, beats it with a tool called the scutch-blade, fig. 802. 
It is made of walnut wood, and is very tough and flexible. In Ireland the system 
of scutching by hand is very rude, and prevails Vhicfly in the western counties. A 
brake similar to that of Belgium is employed, but instead of the Belgian scutch tool, 
a rude instrument is employed, generally of osli-wood, in the form of a sword blade. 

It must be stated that the system of handscutcliing is only to he recommended where 
the quality of the flax fibre is so superior os to render economy in waste of primary 
importance, <w else where the wages of labour are so low, as to render the power of 
machinery of little consequence, ta regards economy. But, where wages are high, 
and flax of medium or low quality, there is no question that machine-scutching is the 
most advisable, and the most economical This lias been especially recognised in 
Ireland, whei£ in 1857, 1037 scatch mills were in operation, when the growers sent 
their crops to be prepared for market, at a reasonable rate, much less than band- 
scutching vtonld have cost Scotch- mills have been introduced with advantage into 
Russia, Prussia, Austria, Denmark, Holland, Belgium, France, Italy, and Egypt. 
In Ireland, although in several districts flax is scutched by hand, machine or mill 
scutching has been for more than half a century in operation. . As in the hand- 
scutching, the operation consists of two processes: first, the braising of the stems, 
and secondly, the beating awny of the woody parts from the fibre. , The original 
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system of broiling if still very general. It consists oft set of tl^ir*e smooth wooden 
' rollers, one underneath and the two others above it, parallel to each other, and one of 
them horizontal to the lower roller. The labourer sits opposite the lower roller, and 
inserts a handful of flax straw between the latter and the upper one, which is horizontal 
to it. The flax being drawn in and bruised between these, passes up between the two 
upper rollers, and reappears at the outBide. It is again put through, once or twico, 
according to its thickness, or to its being more or less steeped, and the fibre, conse- 
quently, mort'or less easily freed from the ligneous part The scutching apparatus 
consists of a wooden shaft, to which are attached, at intervals, like radii of a circle, 
short arms to which are nailed the stocks , which are parallelogram shaped blades of 
hard wood, with the edges partially sharpened. The labourer stands beridc an up- 
right wooden plank, very similar to that figured in the description of the Belgian 
hand-scutching apparatus, and through just such a slit exposes one half of the handful 
of bruised flax -straw to the action of the stocks, which revolve with rapidity along 
with the shaft, and strike the flax straw, beating off the ligneous matter, and leaving 
tbs fibre clqar. When the end exposed to the stocks is cleaned, the workman turns 
the handful and exposes the other end. It is usual to have a set of either two or 
three men, at as many different stands, and instead of each thoroughly clearing out 
the handful of flax, he only partially does so ; the second then takes it up and finishes 
its or, if there be three in the set, he docs not quite clean it, but hands it over to tho 
third to do so. In the latter case, the first workman is called the buffer, the second 
the midillcr , and the third the finisher. The motive power in these scutch-mills is 
generally water ; in some cases they are wind-mills, and in a few instances they are 
driven by horses. Latterly, the use of steam-engines has considerably increased, as 
btdng more to be depended upon than water, which frequently fails in a dry season. 
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It has been found that the woody waste produced in the scutching, is quite sufficient 
fuel for the boiler, without its being necessary to purchase coal or peat, qnd this waste 
had hitherto been applied to no useful purpose, being with the greatest difficulty de- 
composable for manure. c «• 

The dint improvement on this old scntch-mill apparatus was the introduction, by 
Messrs. Mac Adam Brothers, of Belfast, of a machine for bruising the flax straw, 
prior to steeping, and it has since been extensively employed, with very satisfactory 
results. It consists of a series of Anted rollers, running vertically on each other, the 
flutingg varying in width, the widest set being the first through which the flax straw 


FLAX. 


335 


passe s, and the otliprs diminishing in 'width, until the finest is the last While acting 
strongly on the ligtibous matter, at the same time bruising and crimping it, and re- 
ducing it almost to powder, it does not injure or disarrange the fibres. One breaking 
machine of this construction is capable of supplying 12 scutching stands of the ordi- 
nary mill. It is attended by two boys, one to feed the flax -straw into the machine, 
by means of a feeding table, and the other to remove it at the opposite extremity. 
Once passing through the machine is quite sufficient to prepare the flax straw 
thoroughly for being scutched. The force required to drive it is oneihorse-powcr. 
I'ig. 803 will best show its construction and mode of action. 

It having been found that many disadvantages were inherent in the old scutch- 
mill, several persons have set themselves to work to supply a machine which would 
reduce the cost of lulxmr, obviate the necessity of obtaining skilled workmen, and 
diminish the great waste of fibre, which was but too frequent in the ordinary mill. 
Among the most successful of these sciitching-machiues, is an invention of Mr. 
Mac- Bride, of ''Armagh, Ireland, Jigs. 804, 805. It consists of a cast-iron frame, at 
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each end of which is a compartment, enclosing n double set of heaters, of peculiar 
construction, which revolve rapidly in a contrary direction, striking alternately on 
inch side of the flax, as it is submitted to their action, and thoroughly removing the 
woody part, which falls down in dust into a pit or hollow under the machine. In 
order to carry the flax gradually through the machine, and present it in a proper 
manner to the heaters, in succession, an endless double rope is introduced, carried in 
the hollow a large grooved wheel, in which it is kept tight, by means of tension 
weights. The flax-straw, made iAto handfuls, is introduced at a, under the double 
rope, at one end of the machine, and is at once grasped by it firmly, rather above its 
middle, and carried along slowly, by the movement of the grooved wheel, until it 
enters, hanging downwards, the compartment n, containing the first set of heaters. By 
the time the flax-straw has l>ccn carried through them, all its lower half, which has 
been exposed to tbs action of the heaters, is cleaned out, and the rope, passing on a 
short way farther, arrives at a point where a second grooved wheel is revolving, fur- 
nished with ropes in like manner, but arranged at a rather lower level. By a simple 
arrangement, the flax is here transferred from one set of ropes to the other, the 
second set grasping it near its lowest end, thus leaving all the uncleaned part, or up|x r 
half, ready to be scutched. The second wheel moves on, and carries the flax to- 
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wards the compartment containing the second set of beaters, clewing all the upper 
portion of the fla*- It then issues out at d, cleaned throughout, and is received by a 
person placed there for that purpose, who makes it up into the usual package for sale, 
16£lbs. A constant succession of similar handfuls of flax-straw are thus kept pass- 
ing through the machine without interruption, e e are the beaten, r r are two cones, 
carrying a leather band, which gives the motion to the ropes, or carrying apparatus. 
By shifting the position of this band towards one end or the other of the cones, the 
speed of the carrying-ropes may be varied at pleasure, so as to keep the flax a .longer 
or shorter time under the beaters. Some kinds of flax require more scutching than 
others, a g are the driving pulleys, for giving motion to the machine, by means of a 
band from motive power, which may be steam, water, wind, or homes. Each pair of 
pulleys drives one set of heaters separately from the other set, and hence, if requisite 
to drive one set faster than the other, which is sometimes the case when the top end 
of the flax is hard to dean, this is easily done by using a similar pulley on the machine, 
or a larger drum on the driving shaft h h are the tension weights and levers for 
keeping tight the carrying-ropes. J J are bearers of wood for carrying the frame of 
the machine. K K are pits underneath the compartments containing the beaters, 
and are for receiving the woody dust as it falls from the flax-straw. The machine 
occupies a space of ll£ fret, by 10 feet, but some space is required round it for 
handling the flax. The height of the machine is 6} feet The power required is 
three-horse. 

M. Mortens, of Gheel, Belgium, has invented a scutching-machine, which merits 
notice. It is portable and cheap, and requires the attendance of only boys or girls, to 
put the flax -straw in and take the scutckcd-flbre out The action is something similar 
to that of the Irish scotch-mill, but the bruised flax-straw is placed in iron clasps, one 
end l»eing first cleaned out, and then the clasps opened, the flax-straw reversed, and a 
second insertion in the machine clears out the other end. 

Messrs, liowan, of Belfast have very recently introduced a scutching machine, 
whose action dilfers from all hitherto in use. The flax-straw is not previously 
bruised, but is at once fastened in iron clasps, which are placed in a slide, the action 
of the machine carrying them on along one side, while two parallel bars of iron, 
toothed, comb the straw and separate the woody part from the fibre. The first 
portion of these bars have coarse teeth, and the teeth become closer by degrees up to 
the end of the slide. There a workman or boy takes out the clasps, unscrews the 
nuts fastening them, and reverses the position of the straw, so that the portion not 
previously subjected to the action of the machine is now presented to it, while that 
already cleaned out is untouched. The machine is double, i. c. has two sides of 
combs, each capable of containing twelve of the clasps, and each cleaning out one 
end of the flax-straw. Hence, after the workman or boy has unclasped the half- 
cleaned straw, turned it upside down, and presented the uncleancd end to the other 
side of the machine, tlic sumo action of couibing, already described, clears out tlmt 
end thoroughly, and by the time the progressive movement of the mechanism brings 
the slide to the extreme end, the flax fibre appears free from woody refuse, and in a 
fit state for market It is then unclasped and made up into bundles. 

There have been a great number of other scutching machines invented, but it is 
not necessary to particularise them. 

In the operation of scutching, however carefully it may be done by hand or by 
machine, there occurs more or less waste, i. e. the beating of the flax-straw, in order 
to separate the marketable fibre from the useless wood, causes u portion of the former 
to be torn off in short filaments i tingled with the wood, and this torn fibre is very 
much less valuable than the long filaments when finally cleared out. In general, it 
will not average more than an eighth or a tenth of the value of the long fibre. It is 
termed scutching- tow or codilla , and when properly cleaned is dry-span for yarns em- 
ployed in making coarse sacking, tarpaulins, &c. Being very much mixed with the 
woody-mattcr of the flax-stems, it is necessury to get rid of the latter before the 
scutch ing-tow can be spun into yarn. To accomplish this, shaking b g hand is the 
first process, and subsequently the staff is put into A woody machine termed a “ devil,” 
in which, by a mechanism something resembling the shakers in a threshing machine, 
the woody particles and dust arc got rid of. The tow is sorted into different quali- 
ties, and, in some cases, it is hackled before being sold. In France and^-Bclgiuiu, it is 
chiefly retained at home, spun by hand, and woven into such fabrics as coarse 
trowsers and shirts, for the labouring classes, aprons, table-covers, &c. So 2 . What is 
produced in Russia, is partly used for similar purposes among the serfs, but the great 
mans is exported, Great Britain and Ireland being the chief mart, and Dundee espe- 
cially. 

The great aim in all the different methods of scutching, has been to obtain the 
largest possible yield of long fibre from the flax-straw, and to waste as little as pos- 
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sible in scntching-tow. The French and Flemish system of hand-scutching is most 
successful in this respect, but as the quality of fibre there produced is very much 
finer, and consequently more valuable tlu.a all 011101*8, the additional expense of hand- 
luhonr is compensated by the larger yield of long fibre ; whereas, in Ireland, the fibre 
being generally coarser and less valuable, occupying on intermediate place between 
the Flemish and Russian, the cheapness of mill-scutching tnrnstlie scale, uud, except 
in remote districts, it is now universal. In Egypt, until some fifteen years ago, the 
method of scutching was of the most primitive form. The fellahs, aftrr steeping 
ihcir flax in the Nile, and drying it on the banks, proceeded to clean out the fibre, by 
first beating the straw between two fiat stones, and then striking it against a wooden 
post Mehemet Ali and his successors, however, introduced Irish scutch mills, driven 
by steam-power, and since then a marked improvement has taken place in the state 
in which Egyptian flax has been brought to market It may be interesting to note 
here, that in the early periwl of Egyptian civilisation, the dwellers by the Nile were 
able to manufacture cambrics of a finer texture than the most finished modern mecha- 
nism can produce, — as is evidenced by the cerecloths wrapping the mumjnies, and? 
that from a fibre so coarse in comparison to European flax, that while the latter may 
be spun by machinery to 300 or 400 leas, and by hand to 1200 leas, the former can- 
not be put higher than 40 to 50 leas, and rarely even to that. 

In the scutching operation, three several matters are obtained from the flax stems. 
The first is the fibre, which is the primary object, and which is the really valuable 
portiou, that known as “ flax ” in commerce. The second is the woody refuse of the 
stems, hitherto applied to no other nse than as fuel, or occasionally in Ireland as a 
covering for cuttings of potatoes, when planted, to protect them from frost Mr. Pye, 
of Ipswich, however, proposes to make it available as an auxiliary food for 
cattle, having the authority of Professor Way that a sample analysed by him yielded 
7-02 per cent of oil and fatty matter; 7*93 of albuminous matter (containing 1*25 
nitrogen), and 2fr29 starch, gum, sugar, &c. lie (Mr. Pye) recommended its nso 
for feeding live stock, in conjunction with ground oats or other furiuueeous food. 
Professor Hodges, nevertheless, in analysing another sample of this ground ligneous 
matter, gave quite a different result, his estimate of the nutritive constituents being 
as follows: — nitrogenised flesh-forming matters, 3 23 per cent; oil and fatty matters, 
2 91 5 gum and soluble matters, 14*66; and he compared this with the average results 
of seven analyses of oil cake, giving nitrogenised matters, 28*47; fatty matters, 
12*90 • gum and other soluble matters, 39 *01 . 

The third portion separated by the scutching process is termed u scutchhig-tow” in 
Ireland ; in Russia and Prussia, 11 codilla in France and Belgium, “ elouppe tie tvillaijc /' 
described above. These branches of the trade consume annually many thousand tons, 
imjwirted chiefly into Scotland, from Russia and Prussia. In France, Belgium, and Hol- 
land, the codilla or scutching tow is chiefly retained by the growers or factors at home, 
for a domestic manufacture of similar goods, and of coarse blouses and trowsers. It has 
also been employed for conversion, by Claussen’s process, into a finely divided mass of 
fibres, capable of heiDg mixed with wool and span along with it into yarn, the fubiic 
made from this yarn being chiefly hose. 

Before proceeding to treat of the processes to which flax fibre is subjected subse- 
quent to scutching, it may be well to glance at the uses to which the seed is applied. 
This valuable product of the plant furnishes two articles of much utility, and of very 
extensive use, — the oil aud the cake. When the seed has been separated, dried and 
threshed out, it is either sold again for sowing or for conversion into cake and oil. 
Of course the former purpose only consumes a small proportion of the seed produced 
throughout the world, and in many countries it is not of a quality suitable to the chief 
flax -growing localities. Thus, while northern Russia, Germany, the Low Countries, 
and France either export seed for sowing, or consume their own produce to a considerable 
extent for this purpose *, the southern provinces of Russia, the states along the Medi- 
terranean, Egypt, Turkey, Greece, and the Fast Indies, while large exporters of seed 
for crushing, cannot sell any for sowing. The supply of the seed crushers of the 
United Kingdom* is more largely obtained from Russia aud lliudoostan than from any 
other countries. The entire annual import of seed into the British Islands averages 
600,000 to 800,000 quarters, value lietween a million and a half and two millions 
sterling. The conversion of flax seed into oil and cake is carried out by different 
methods. In Frducc, Belgium, llollund, and the north of Europe generally, where 
a large quantity is crushed, the apparatus employed is very simple and yet very effec- 
tive. Lille, in France* Courtrai and Ghent, in Belgium, Neuss, in Prussia, and 4he 
province of Holstein are the great seats of this manufacture. See Linseed. 

The seed is pounded in a kind of wooden mortars, cut out of solid timber, and at 
the bottom lined with thick copper. By means of a revolving shaft, furnished 
with projecting notches of wood, beams of oak 20 feet high, the ends .shod with 
Vol. II. z 
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channelled iron, are alternately raised up and let fall into the mortars, where, in n 
short time, they convert the seed into a pulpy mass. When suiHfciently pounded, this 
is then removed and put into woollen bags, jyliich are then wrapped up in a leathern 
case lined with a hard twisteu web of horse-hair, covering both sides and ends, but 
often at the edges. These arc then ready to be pressed, and for this purpose are 
packed perpendicularly in an iron receptacle, narrow at the bottom, and widening 
towards the top. Packings of metal are then put in, and in the centre of the bags js 
inserted a Veccli wedge. A beam similar to that employed in pounding the seed is 
then set in motion, and at each descending stroke it drives the wedge in tighter, thus 
squeezing the bags of seed against the iron sides of the press. When the wedge has 
been driven home, another is introduced and battered by the beam, until it will drive 
no further. A t the bottom of the press are holes through wLich the oil thus pressed 
out of the seed runs into a receptacle lieneath. In order to loosen the wedges and 
admit of the hags being removed from the press, a wedge of a different form, wide at 
bottom and narrow at top, and already a fixture in the press, but raised up and fastened 
<»y a ropi^during the driving of the other wedges, is released from the rope, and another 
beam drives it home, thus partially starting the differently constructed wedges and- 
loosening ilic mass. The Itfigs with the pressed seed are then taken out, and the 
iuLter, having lost the greater part of its oil while subjected to bo considerable a 
pressure is found in a tiiin hardisli cake, taking the form of the leathern case, and off 
it the woollen bag is readily stripped by tlie workman’s bauds. The oil obtained by 
this process is Ilic purest and most limpid ; but another process has to be fterformed 
before the seed yields all that the pressure is capable of extracting from it. The 
cakes, therefore, when taken out of the bags, are broken up and put into tbe mortar, 
where the same pounding operation takes place. When again brought into a com- 
minuted state, the powder is put into a circular iron pan or kettle, under which is a 
fire, and slowly roasted in it, being kept from burning by means of an iron arm which 
is moved round inside by the machinery, constantly turning the ground seed. When 
sufficiently wanned l>y this operation, during which it is made to part more freely 
with the oil, the mass is again filled in bags and pressed os before, after which they 
arc finally, the hags being stripped off, pared at the edges, put in a rack to dry, and 
stored for sale. The oil thus obtained is darker in colour than that by the cold 
process, and contains more mucilaginous matter. Many foreign oil-millers, however, 
only employ the hot plan, believing that they have thus a larger yield than when the 
cold pressure is first used. See Lin sued Oil. 

in England, the cold pressure is little, if at all, practised, the seed being almost in- 
variably warmed before pressure. The system of crushing, formerly universal here, 
had some resemblance to the Flemish method al»ove detailed, the chief difference 
being in the mode of preparing the seed, prior to its being put in the press. Tbe 
firKt process is to pass slowly from a hopper, the whole seeds into a pair of smooth 
or fluted metal rollers, which, in turning on each other, crack the seeds. Heavy 
edged stones then grind them into a meal, a little water being added during the opera- 
tion, which facilitates the comminution of the seed. The meal is then put in the 
kvttlc before described, and while heated and stirred in it, the water mixed with 
it is evaporated. Jt is then bagged and put. iu the press, where the stampers, falling 
on tin? wedges, effect the desired results. The most recent improvement iu the mode 
of pressure, and one now largely adopted, is the hydraulic press, and it is generally 
considered that a larger 3 'i;-ld of oil can be obtained by its use than by the wedge and 
stninpcr-bcain method, Blundell’s (of liull) patent is that most generally employed, 
and Messrs. Samuelson of that nlu.ee are distinguished as makers of it, having intro- 
duced themselves Bonie modifier ;«ous and improvements. The oil obtained from flax- 
seeds or linseed, as it is generally termed, is of very extensive use in the arts, and is 
the chief vehicle for paints. To suit it for this pnrposc, and to make it dry quickly, 
it is mostly boiled iu an iron pan, and during the operation a quantity of litharge Is 
dissolved in it _ The cake is a very favourite article with stock-feeders, being com- 
bined, as containing much nutriment in small bulk, with roots or other vegetable 
food, having large bulk with small nutriment So extensively irf* it consumed in 
Great Britain, that besides the very large quantity made from imported seed, fully 
80,000 tons of foreign cake are annually imported. On the continent inferior qualities 
of cake are grouud to a coarse jwwer, and either applied to the soil as a top- 
dressing, or steeped in a liquid manure, and the mass spread out on the land in 
that state. * 

Scutched flax fibre appears in the market made up in different wrfys. Russian is 
in large hales or bundles ; Dutch and Flemish in bales weighing 2 cwt, the fibre being 
tied in “ heads,” each of which is about os much us the hand will grusp. Irish is 
made up in bundles termed “stones,” the weight of which is either lfij llis. or 24 A lbs. 
In this sta^e it is piled in the stores of the spinner, care being taken that it be placed 
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on a ground -floor, flagged or tiled, and not in a boarded loft, as the humid atmosphere 
of the former is eoflducivc to the preservation of the suppleness and “ spinning 
quality ” of the fibre, whereas it deteriorates considerably when exposed to a drier 
air. 

The first operation which it undergoes in the spinning factory is hackling . 

This process is required to comb and straighten the fibres, to get rid of any knots, 
and to lessen and equalise the size of the filaments. The action of the hackles neces- 
sarily divides the scutched flax into two portions, the long, straight one!, which re- 
main after the flax has passed through the operation, being termed “ line/* and the 
woolly or cottony looking mass which remains, being designated “ tow.” Noth of 
these arc spun, but the line produces the finer and better qualities of yarn, and is con- 
sequently much more valuable than the tow. The great object, therefore, is to obtain 
the largest possible quantity of the former from a given weight of scutched flax, and 
the yield of line varies considerably according to the nature of the season. Spinners, 
therefore, are anxious as each new crop of flax is brought to a marketable state, ta 
tost the yield of line, so as to guide them in their purchases. They are tli As enabled 
to ascertain more clearly the suitability of the samples for “ warp ” or “ weft” yarns,’ 
and for thread-twisting. Warp-yarns being those which constitute the long threads 
of a linen fabric, require to be harder and stronger than wcfUyants, which form tho 
cross or short threads. 

The yield of line, as well as the general economy of the operation, is, of course, 
greatly dependent on the nature of the hackling-macltine employed, and great scope for 
care and ingenuity is thus given to the machine makers. A great number of hack- 
ling •machines huve, from time to time, been brought out, employed in the factories, 
and subsequently abandoned, when others, having greater merit, have been in- 
vented. 


In the early period of the linen manufacture, when spinning was done exclusively 
by hand, no liackliug-machines were employed. The process was exclusively effected 
by liund-l>acklcs. Even after the introduction of machine-spinning, they were, fora 
long period, llie sole means of hackling. Of late years, the machine has been more 
and more brought into use, and although hand-hackling still exists to a considerable 
extent, the other method is by far the more extensively employed. 

for Laud-buckling, the tools used consist of a surface studded more or less thickly 
with metal points, called hackle-teeth, through which teeth the flax is drawn by tbo 
operator. 

The hackles ordinarily used for hand -hackling in this country arc in the form of 
rectangular parallelograms, presenting a line of 7 inches towards the worker, and 4 to 
5 inches deep. The first tool employed is called the “ ruffer,” the pins of which are 
uliout 4 inch square at ilieir base, and 7 inches long, and brought to a fine point ; the 
second is the “common 8,” which is always used after the “ ruffer ; ” then the “ fine 
8,” the “ 10,’* the “ 12,” tfie “ 18.” The pins of all these tools are similarly placed to 
those of the ruffer, hut are somewhat shorter in length, and are more slender as the 
tools increase in fineness. In all these tools the pins are held in wooden storks of 
about J inch in thickness and covered with sheet tin. This sheet tin, through which 
the pins are driven, helps to support them aud prevent the wood front splitting. 
These tin covered 6loeks arc only of a size necessary for the extent of pins em- 
ployed, and are them- BOG 807 

selves screwed to other I ! | I 

larger pieces of hoard, a I \ !J 

little broader and some -ill 

inches longer titan them- r~~ ~b & 
sel ves, and by which they *■ 1 ■ c 

are ultimately fixed to 

the hackler's bench, in- 808 

cliniug somewhat back- 
ward with their, points 
from the worker, aud a 
sloping Itoard behind to 
prevent the flax entering 
too much in the pins, 
thus: * 

lug. 80fi, enck view ^of 
a hackle y Jig. 807, front 
view of liflticle ; Jig- 808, 
hackle, &c.? fixed up for 
working, a pins ; h tin covered stock ; c foundation board ; d beam of table or 
bench ; e back board ; f table to receive the tow, &c.j o hand of workman. Such is 
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the form of hackle used iu England, and also the manner tlieyare, of whatever de- 
scription, fixed for work. # 

The operation of manual hackling is simple in principle, although it requires much 
ex|HTieuce to acquire dexterity. 

The workman having first divided the flfcx into handfuls or stricks, of which there 
are 300 to 400 to the cwt., proceeds to grasp one as flatly spread as possible between 
his forefinger and thumb, by about its middle, and wind the top end round his hand in 
order tbe better to prevent the slipping of the fibres ; be then begins by a circular 
swing of his arm to lash the root end into the hackle, taking care to commence as 
near the extremity as possible, now and then collecting the fibres by holding liis left 
hand in front of the tool, turning the strick from time to time. He thus gradually works 
up ns near as possible to his right hand, when he seises tbe railed part of the strick 
and holds it in the same manner as at first, and proceeds by a similar treatment to 
“ ruff” tbe top end ; when this is finished the “ ruffed ” work is token to the tool 
tcalled a “ common 8,” the pins of which are much closer placed thnu those of the 
ruffer, nifa are only four or five inches long. This “ 8 " is always used after the 
ruffer, but from it the work can be taken to any of the finer tools, viz. 8, 10, 12, and 
sometimes 18. It is usual and better to dress both ends over each tool before taking 
the work to the next. <Thc pins of all these tools are 4 inches long, in order, os was 
supposed, to have sufficient spring. The flux is not lushed into them os into the 
rullcrs, neither arc the ends required to l>e wound round the hand. Hut the root end 
of tiie flux is always the one to be first worked, und the hackling begun at nearly the 
extremity of the stick, which on being drawn through the hackle is received by the 
left hand of the workman, and by it carried back and laid upon the hack hoard urnl 
over the point of the pins, for the angle of inclination of the hackles and a slight 
lowering of the right hand causes it to enter sufficiently on being drawn forward. As 
it is imjK)ssible to ruff or dress entirely up to the hand, when the hold is changed iu 
cither operation, there must of necessity he left a certain space to be repussed through 
the tools ; this is called the “ shift,” but the less length that is required for this pur- 
pose the better for the yield of line. The numerous long fibres that slip from the 
strick in railing must be collected and drawn from the mass of tow attached to them, 
when they can be relaid in the strick, or kept to Ihj dressed separately under tlio 
name of * shorts,” and from time to time the short fibres or tow sticking to the teeth 
of the finer tools are removed. Whenever one-half of the length of the strakc of 
flax is hackled, it is turned round to hackle the other half. This process repeated 
upon each hackle. From 100 pounds of well -cleaned flax, about 45 or 50 pounds 
of hackled line may he obtained by the hand lalmur of 12 hours; the rest being 
to v, with a small waste in woody particles of dust. The process is continued, till by 
careful handling little more tow is formed. 

To aid the hackle in splitting the filaments, three methods have been had recourse 
to; beating, brushing, and boiling with soap-water, or an alkaline lye. 

Heating flax either after it is completely hackled, or between the first and second 
hackling, is practised iu Bohemia und Silesia. Each hackled tress of flax is folded 
in the middle, twisted once round, its ends being wound about with flaxen 'threads; 
and this head, as it is called, is then beaten by a wooden mallet upon a block and 
repeatedly turned round till it has become hot. It iH next loosened out, aud rubbed 
well between the hands. The brushing is no less a very proper oj oration for part- 
ing the flax into fine filaments, softening aud strengthening it without risk of tearing 
the fibres. This process requires in tools, merely a stiff brush made of swines' 
bristles, and a smooth board, ;> ifcet long and 1 foot brosid, in which a wooden pin 
is made fast. The end of the flax is twisted two or three times round this pin to 
hold it, and then brushed through its whole length. Well hackled flax suffers no 
loss iu this operation; unbuckled, only a little tow; which is of no consequence, as 
the waste is thereby diminished in the following process. A cylindrical brush turned 
by machinery might be employed here to advuntage. These have been tried in 
establishments for machine spinning, but nut found advantageous. 

The object of ull hackling being to produce a good yield of line with tow of good 
quality, tliut is to say, free from broken, unsplit fibres, lumps, and knots ; the care und 
attention necessary to do this, with the exjwnse and nneertain result of the individual 
skill of workmen, urged manufacturers to attempt the establishment of machines for 
effecting *he process. Therefore many contrivances were invented with this view, 
hut it was long doubted whether any of them made such good york, with so little loss, 
as hand labour. In hackling by the hand it was supposed that the operator would 
feel at once the degree of resistance, and be able to accommodate the traction to it, or 
throw the flax more or less deeply among the teeth, according to circumstances, and 
draw it with suitable force and velocity. For a considerable period these ideas, or 
rather prejudices, os they may now ho called, seemed to be confirmed; for the earlier 
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attempts to snpcrse^e hand hackling, like thosi in many other undertakings, though 
partially favourable, %cre» on the "whole, rather disconrnging. In attaining one point 
desired another was lost, for too much stiUl depended on the care and attention, if not 
on the actual skill, of the persons attending the machines. 

It will be desirable, therefore, to give particulars respecting some of those which 
have been from time to time invented, although they arc not now in use, ns a lesson for 
preventing the repetition of things already known, as well as to illustrate the steps suc- 
cessively taken. The first machine invented, or, at least, published, wjs called the 
tt Peter, and was intended to illustrate, as clearly as possible, the movements of the 
hand hackler. The flax was first divided into small convenient portions or handfuls, 
about 4 os. each, called “ strieks,” which, before being taken to the machine, were 
slightly straightened and dressed over the ordinary hand “ rougher.” Each of these 
was then placed between a pair of short iron bars, culled a “holder,” one of which iiad 
an indentation in the middle, and the other a corresponding projection. Thus, when 
tightened together by screws 4^ inches apart (such length being equal to a man's 
grasp), the strick of flax was firmly held while exposed to the action of t|je hack left 
The holder was then suspended from movable levers over a truncated rectangular 
cylinder, upon the angles of which were fixed, at a certain angle, buckles similar to 
those used in the manual operation. The levers supporting the holders received from 
a crank a short up and down motion, so timed in their oscillations as to strike the 
holder nearly against the points of the pins at the time they were passing under, 
coming thus os nearly as possible to the effect of a man striking in and drawing through 
the hackles, except that the flax remained nearly stationary, and tlic haekle was drawn 
through it by the rotation of the cylinder, whereas in the hand process the haekle 
was stationary, and the flax drawn through 5tby the operator. Each machine carried 
two holders. The tow made and collected from the holders was seized and taken off 
by boys stationed for that purpose, while another, at tin? ringing of a bell, took out 
and changed the sides of the strieks to be presented to the action of the hackles, and 
subsequently withdrew them from the first machine to another similar but with finer 
hackles, and thus continued until tlierootend — always the first opera ted on — was dressed 
to the desired degree of fineness, when they would be taken to a table where another 
set of boys, previously to removing the first holder, put on a second to the already 
hackled part, leaving about 24 to 3 inches to be re-hacklcd. This operation is termed 
“ shirting,” and the space left, “ the shift;” it is thus performed and remains so called at 
the present day, the only change being that in the holder now in use one screw is used 
for two strieks instead of two screws for one strick. 

Fig. 809 will more clearly show the construction of this machine. A, square trun- 
cated cylinder carrying the hackles ; n, oscillating arm or lever for supporting the 
holder ;’rcc, framing; l), crank and shaft; n, connecting rod from crank to oscillating 
arm ; f f p f, hackles ; c c g o. hack hoard ; ir, holder. The first motion was given 
by pulleys on the shaft i>. which revolved 4 times to 1 of the hackle cylinder, by the in- 
tervention of suitublc wheels. The worm and wheels for the bell motion were at- 


tached in the usual manner to the shaft of the cylinder. 

Machines of this construction continued in rather limited use without any change or 
competition till about the year 182u, when a patent was taken for a machine known 


as the pendulum machine. The flax in the 
holder being suspended and swung back- 
wards and forwards while the hackle rc- 
mained fixed, the flax was thus hackled, 
stroke for stroke, on each of its sides. The 
hoys, ns in tlic last described, snatching off 
the tow as it was formed, and at certain 
times, that is at each rise of the pendulum, 
for it hud a rising and falling motion to imi- 
tate the hand workers in commencing at the 
extreme end of the flax, passing the holder 
from one recess to another of the pbndulous 
table, so os to arrive at the progressively 
finer tools when ranged along the machine ; 
but sometimes Jhe different tools were fixed 
upon the angles of a square cylinder that 
presented, a finer raj pc, the whole length of 
the machine, by turning up a new angle at 
each rise of the pendulum, when the lulxmr 
of the hoys was simply to put in the tow 
and take out from it the flax. The adjoining 


809 



diagram (fig. 810). without entering 
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on any details of a machine that was so little used, will mink# the theory of its 
action quite clear. 

A, liacklc bench sometimes re- 
volving so as to present different 
degrees of hackles at its various 
angles, sometimes stationary with 
thegradations of hackles upon its 
length ; u n f pendulum arms ; 
c <\ equal wheels working into 
eueli other; i> i>, crunk arms; 
k, radial slide-bars to preserve 
the holder table vertical ; h, 
holder table ; f v f f, hackles ; 
a g, hack boards ; i i, direction 
in which the holders swing; there 
were the same wheels, &c., at 
each end of the niuclijne, and 
the holder table n reached from 
one to the other. The wheels, 
cc, with all attached to them, 
were made to rise and lower 
upon the hackles, and the buck- 
boards o to rise when the hackle 
bench turned. 

About the same time another 
patent was taken out for a ma- 
chine, where the holders were 
suspended above oue end of a 
travelling sheet of hackles. This 
machine also required hand lal>onr to turn and transfer the stricks, though the tow 
was caused to fall clear from the hackles by mechanical means. The following 
sketch (Jit/. 811) shows the principle upon which this machine works, and though 
never much employed at the time of its appearance, has subsequently served os a 
foundation for those that are now in the zenith of their prosperity. 

a a ( lit/. 811), sheet of hackles; n, support for holders ; c C, carrier pulleys for the 
sheet o 4 ' hackles. I'itj. 8 12. a larger view of the hackle bar G G, in order better to show 
flu* taller i> i> i>, in tlu: staples or grooves F. k, and fuj. 813, at the end of the hack le-har 
fin ; F f, pins nf the hackles, between the rows of which the taller u i>i> acts to push 
the tow off the pins. There is a clearing fuller i> to each hackle, which is kept to 
the bottom of the hackles at that part of their course where they are in contact with 
the 11a x, hut at the turu f j> fly beyond the points, as shown by the effect of the cen- 
trifugal force. 

All these machines, possessing great similarity of features in regard to the 
personal attention required, never dame into such general operation us to supersede 
entirely hand-dressing, either from their own defects or prejudices against their 
employment. About the year 1830, in consequence of the new mode of spin- 
ning being earned on 
with considerable energy, 
it was found advantageous 
to cut the flax into 2, 3, or 
more lengths previously to 
hackling, which rendered 
it necessary to have ma- 
chines peculiarly udupted 
for this new short descrip- 
tion of mat rial. This ma- 
chine, known as the ex- 
centric or circular ma- 
chine, deserves consider- 
able attention for its own 
inherent merits, and the 
extensive utility it has 
proved to he of in suggest- 
ing the principal parts of 
those by which it has been 
# supplanted. In its ori- 

ginal form it«was made of a breadth suitable for only one stride, and consisted of a 
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cylinder 3 ft. diameter, upon the whole circumference of which at intervals of 3 or 4 
incites were fixed thlfhackles. As each machine could only carry one description of 
hackle, it was necessary to employ a serrs of these machines, culled a “ class/' when 
the flax required to be dressed over a succession of finer tools, each succeeding machine 
carrying a finer tool than its predecessor. The liuckles were cleared of tow by coming 
in contact at one part of their revolution with a brush roller, which also revolved in 
contact with a cylinder covered with card clothing, the points of the pins being in such 
a direction os to clear the brush from tow, and allow itself to be in its turp cleared by 
the oscillations of a comb, whence by rollers the tow was brought into a sliver. In 
order to preserve the continuity in the supply of tow, and maintain the regularity of 
the sliver produced by it, the holders with the flax were presented to the hackle 
cyliuder in a manner peculiar to this machine, - nd in endless succession by means of 
certain circular carriers placed at each end of the hackle ej limler, but exccntrie thereto, 
and at such a distance apart as each should hear on** end of the holder as it ex- 
tended across tin* cylinder parallel to its axis. Thus, the holders introduced at. that 
part of the circuinfereuce of these carriers furthest from the hackles were carried lev- 
ward, while the flax was in operation, till they were brought almost into intact with 
the points of the. pins, when, by the intervention of a slide, they were withdrawn from 
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the machine, but with one side only of the flax dressed, and that but on one tool ; there- 
fore tlfi; holder required replacing in the same machine, in order that the second side 
of the strick should be dressed as was the first. The holders theu required to be 
carried by hand to each succeeding machine of the class. 

The preceding figure (814) Bhows the leading features of these machines: A A, 
hackle cylinder j n n, exrentric wheel to carry holders in its recesses A, A, A, A, A ; 
slide upon which the holders wero laid so as to fall into the recesses A A of wheel 
n ; i>, slide for taking out holders ; E, brush cylinders with brushes ; a, cylinder covered 
with card clothing ; h, holder come out ; 1, dolling comb. _ The space of the holder 
carrying wheel was filled with holders, aud so maintained in endless succession, and 
thus each served in some measure to keep the end of its preceding one down into the 
hackles. 

About 1833, a machine was patented consisting of two parallel cylinders, over which 
the flax was carried, revolving in its progress so as to preseut the alternate sidi-s of 
the strick to the hackles, the progressively finer tools being ranged along these 
cylinders, so that having passed the length of one cylinder one end was completely 
finished. When the holder wus taken out, “shifted,” and replaced, it was. earned 
back along the second cylinder, and thus returned to where it commenced, finished. 
This machine, however, never was carried further than the experimental one for tlic 


patent. * , . 

Another machine* (Wordsworth’s) the same year made its appearance, and lrnicn 
for some time enjoyed much celebrity. It consisted of two parallel vertical slieets 
of hackles running together, and so geared that the hackles of one intersected tlic 
interstices of the other. The flax suspended in its holder from a species ol trough 
passed between these two sheets, and was thus hackled simultaneously each side in 
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its course through the progressively finer hackles from one end of the machine to the 
other. r 

▲ A (815), hackle sheets ; n n, holder trough or slide; c c c C, pulleys for carrying 
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the liacklc sheets ; t> n, hrusli rollers ; e e, rollers covered with card clothing to clear 
the brushes ; v k, dofler combs ;cacG, hackles ; n, holder; 1 i, brushes. 

It is unnecessary to notice more at length the different machines brought out, em- 
ployed for a time, aud then rejected. Although the hackling and spinning of flax, in 
the full length as it grows, was what was first practised by hand, the first really suc- 
cessful machine for hackling was what was known as the “ circular machine ” for 
buckling “ cut line " as it is called, or the long flax fibre broken into several lengths. 
It had always been known that the top and root ends of the fibre were of very infe- 
rior quality to the middle, and of course when all was spun in one length the yarn 
produced was inferior to what the middles could be spun to, while superior to whnt 
the tops and roots would produce. It therefore occurred that in the general qualities 
of flax the division of the fibre, so as to separate the different portions named, wonld 
be advantageous to the spinner. The operation of cutting was performed by a simple 
machine consisting of a pair of juwn, so constructed that when the flax is introduced 
between them the different parts,' instead of being clearly cut off, are, so to speak, 
bitteu off, leaving ragged ends. This is desirable in order that the ragged ends might 
interlace in the Bpreading prior to going through the preparing machines, which pre- 
cede the spinning operation. The machine for hackling cut line was brought out 
about thirty years since, aud underwent, before it wus finally set aside, a considerable 
number of modifications for the purpose of economising the labour .in working it. 
About the same time the “ fiat machine ” was introduced, which was more particularly 
intended for hackling long fiax. The nature of the operation of these machines wus 
the same, the flax being acted on by different scries of hackles fixed in the circum- 
ference of a cylinder in the one machine, and on an endless sheet in (he other. The 
curvature of the cylinder was no objection in hackling cat flax, but for acting on long 
fibres it was necessary to put the hackles ou a sheet, for the purpose ofhgctting suffi- 
cient* length of fiat surface. The most successful machines, and which displaced 
all previous ones, have been modifications of these of different kinds, some of them 
being simply contrivances for saving manual labour, and giving certainty to the action, 
and others combining other improvements with this object Carmichael’s patent ma- 
chine (Jigs. 84 6, 817) was, us brought out at first, simply the old flat machine with self- 
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acting motions for actuating the holders applied to it. It was afterwards much im- 
proved by the adoption of an inclined sheet in imitation of a very** successful self-act- 
ting modification of the old fiat machine whiefti was brought out by Combe, of Bel- 
i fast, whose machine, at this time, is considered by many to be the best one in use 
for long line. 

The distinguishing feature in these rival machines is, that in Carmichael’s the 
motions are all performed by the descent of ponderous weights, while in the other 
they are performed by the direct action of the machine. 

There are other differences affecting the working of the machines which are by 
practical Ladders considered of great importance, and os giving more value to Combe’s 
machine. The most important of these is the facility of adjusting the place where 
the holders approach the flax, which greatly affects the yield of line. 

The same principles of actuating the holders were applied to cylinder machines for 
hackling cut flax, but as these have been displaced by more recent inventions, it is 
not necessary further to refer to them. Wordsworth's machine, already figured (815), 
wa& of impowancc, as being the basis of several other valuable machines. Its essential 
feature was arranging the hackles on two sets of endless sheets placed opposite each 
other, and driven and connected by wheel-work so us to revolve together, the surfaces 
being placed so close together, that the hackle pins penetrated the flux from both 



sides, and hackled at the same time. The large circle described by the points of the 
hackles in thu machine, which prevented them cutting the flax close to the holders, 
and other imperfections, led to its abandonment About sixteen years since, Combe 
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of Belfast, designed for tlic eminent flax-spinning firm of Marshall and Co., of Leeds, 
a modification of this machine, 'which since has been known as ArdilL and Pickard's 
machine, and has come into extensive i sc. The principal new feature in this machine 
was the introduction of cranked wheels for supporting and carrying the hackles, for 
the purpose of making the points of the hackles describe a small circle, and thus enable 
them to cot close to the holders. Although successful, this invention did not fully 
accomplish the object aimed at. About the same time, Marsden's intersecting 
machine was brought forward, and possessed a great reputation for a length of time. 
Its success was a good deal owing to the flax hackled by it having an apparent fine- 
ness, hut this was not found to be of practical value, as the spinning quaLity was not 
improved thereby. For this reason it has gone greatly out of use. 

The next machine which came into extensive use was Combe's reversing cylinders, 
fig. 818. These machines are constructed in a great variety of forms for different kinds 
of work, anti scorn to give very good results. They are simple in their construction, 
and give lit tie trouble, acting lightly on the flax and making very wiry fibres. They 
arc made of all sixes, from 12 to at) inches in diameter, and with 4, C^or 8 gradu- 
ntions of hackles, according to the kind of work to be done on them. The flax is 
hackled on eaeh side, or each graduation of hackles, by reversing the direction of the 
rotation of cylinders. Tin? tour, or short fibre, is thrown off the hackles by stripper 
rods, placed between tlic rows of pins. * 

Tlie next machine to be named is by the same inventor, and is styled the patent 
reversing sheet hackling machine. It is for long line, on the same principle ns that 
just described, except that it has the hackles fixed on flat, sheets, as in the “ old flat” 
machine. It is simple and complete ; easily driven and attended, and a considerable 
number arc now in use. From the hackles being on a flat sheet, it is necessary to 
make the holders descend, first on one side while the sheets are moving in one direc- 
tion, and then on the other while they are moving the other way. This is done by 
supporting the channels which carry the holders on four levers fixed on two oscillating 
shafts, to which motion is communicated by a shaft. Tlic holders arc slid through by 
a lever on the top, which acts on a sliding bar, by means of a ball, which forms a 
universal joint and actuates the holders, whatever position the channels are in. The 
drawing here given ,Jig. 810, will show the mechanism. 

Noth the machines last described are made double, or in fact, the construction of 
each is that of two machines in one. The table for filling and changing the flax in 
the holders is attached to the machine. One side hackles one end of the flax, and 
the other side the other eml. 

We now have to describe a machine for hackling cut line, patented by Mr. Lowry, 
of [Manchester, and now extensively in use at home aud oil the continent. It is 
virtually a mollification of Wordsworth’s muchiue, already described. 

big. 820 is a side elevation of a sheet liaekling machine to which these improve- 
ments are applied ; ftp. 821 is an end elevation of the samc;Jfy. 822 is a front view; 
ami Jig. 828 an end view of one of Jewry’s improved hackle bars. In Jigs. 820 and 821, 
a a represent the belts, sheets, or chains to which tlie hackle bars h are attached. 
These belts, sheets, or chains pass around the small drums c r, and larger drums 
•l if, which are turned round by the gearing, shown in the drawing, or by any other 
suitable arrangement of gearing. The hackle bars b, arc made with a recess tr* 1 
receive the stock of the hackles e. 

The hackle bars b are connected to the belts, sheets, or chains a , a , by means of 
rivets or screws, passing through the flanges h , and through the belts, sheets, or 
chains n ; and at eaeh eml of eaeh hackle bar is a stud or guide pin l r, which, when 
the hackles arrive near the small drains t\c. tak* into the groove in the guide plates. 
The object of these guide plates is to support the hackle bars in passing over the 
small rollers c, and during the operation of striking into the strick of flax or other 
fibrous inateriul to he operated upon. The holders with the stricks depending from 
them, are placed within tlie rails f, /, and those rails arc made to rise and fall and the 
holders arc made to pass from one end of the machine to tlic other, iu the asual 
manner. When the machine is at work the drums c and d revolve in the direction 
of the arrows in Jig. 821, and the hackle bars being attached to the belts, sheets or 
chains (/, and supported by the guide plates, cause the hackles to enter the stricks of 
fibrous material at or nearly at right angles to the fibres thereof; and to retain that 
position at tlTc commencement of their downward moiiou ; whereby as the belts, 
sheets, or cjiaiiis continue to descend, the hackles an? drawn through the fibrous 
material lor the purpose of removing the short fibres and extraneous matter. Another 
great advantage resulting from this improved mode of attaching the hackle bars b to 
the belts, sheets, or chains </, is, that the hackles can he mode to enter the fibrous 
material at a point closer to the holder than in any of the sheet machines now in use. 
When the hackles are passing round the drums d </, they are cleansed by the 
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revolting brushes jj t which deposit the material removed from the hackles on to 
the card drums A, k. These drums are cleansed or doffed by ther«bombs 1 4 or in any 
other convenient manner. 



This machine is also used to a very large extent, and well liked for dressing half 
une and full length flax. For this purpose the sheets require to be made frixmehes 
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longer from centra to centre, and the head or trough to lift 3 inches higher, and the 
top rollers to approach and recede from each other simultaneously 'with the rising 
and lulling of the head. * 


820 



Combo, of Belfast, bus recently produced another edition of Wordsworth's machine. 
Its novel feature consists in dispensing with bars altogether, in carrying the hackles 
and in fixing them directly on the leather sheets. By this means a very true action 
is obtained, and the working parts an* so light, that" the machine bears any speed 
with scarcely any wear and tear. In this invention there is also combined convenient 
modes of regulating the lift and severity of the cutters to suit different kinds of flax, 
und the holders are carried through the machine by a separate apparatus for that 
purpose, while they are at their highest elevation, instead of during the whole process 
of lifting, tft had Always been the cast: in other machines. _ * 

The cutting of flax already referred to, is effected by a machine consisting of a 
species of circular saw about 20 in. in diameter ; but, instead of a single blade, it is 
constructed of 3 or 4 plates of steel, each about ^ in. thick, and having angular pro- 
jections from tlieir circumference. This revolves at a considerable m velocity, while 
the flux, firmly grasped in each hand by its ends, is still further held and slowly 
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carried against the saw by two pair of grooved pulleys pressed together by a consider- 
able weight It is thus partly sawn and partly broken through.** Flax may be cut 
into 2, 3, and sometimes 4 divisions : and sori.etiines the dead harsh fibres that are 
frequently found at each of its ends only are cut off and used as tow ; but more 
generally the different por lions are hackled and used for the purposes they are soiled 
for. 

Description of flax cutting machine (figs, 824, 82 A). ▲ a, framing ; B, the grooved 

824 825 



pulleys for holding and carrying the flax ; c c, the driving pulley ; i>, saw or cutter; 

f, wheels for gearing together the pair of holding pulleys ; g, ii, I, k, pinions and 
wheels for producing the proper reluthe speeds between the cutter and pullers; i., 
weight, which by levers M and n, causes the pressure of the holding pulleys. 

Preparing . — Jly this term is understood those preliminary operations through 
which both line and tow must pass after the hackling and before the spinning pro- 
cess. 

UTie mechanism and modes of proceeding for this purpose which consist of repealed 
drawings, are similar for “long” line or cut ; ” though the dimensions and fineness of 
the machinery must In? made suitable for their various lengths and qualities. Hut in 
the preparation of tow a peculiar additiomil operation is demanded, as a consequence 
of the different state of the fibres of which the material is composed ; this operation, 
termed “ carding,” lias for object to bring the highly irregular and entangled mass 
into a somewhat more homogeneous and uniform state, previously to its being after- 
wards drawn and. equalised in a manner similar to line. 

In the preparation of line the first operation is called “spreading,” or first drawing; 
and Ihe machine employed a “ s r ro.uuT : ” those sul>scqiiontly are the second and 
third “drawings” (sometimes a fourth is used), and lastly the “roving.” Jt is upon 
the spreader that the separate stricks of line are first eombined and drawn into long 
uniform bands or ribbons, called “slivers,” of determinate lengths. This is effected 
by subdividing the stricks into two or three portions, and then placing them con- 
secutively, slightly elongated, and overlaying each other about jfths of their length 
upon aud in the direction of an endless creeping Jo et or apron. The machines are 
generally made with two of these creeping sheets or aprons, and upon each sheet are 
thus laid two distinct lines of stricks; each of which forms a thick uniform body of 
line, and capable of lieing maintained to an indefinite length. These endless creeping 
sheets supply continuously another part of the machine, w here the bod« of “ line ” is 
drawn out to between 20 and GO times its original length, according t(f whether it in 
composed of cut or long flax. This part of the machine comprises a paii of holding 
or back rollers ; an endless succession of bars csdled fullers, bearing combs of closely 
ranged steel pins, through which the slivers are drawn; a pair of drawing rollers; an 
arrangement of diagonal or doubling bars; and a pair of delivering rollers. is 
generally termed the “ gill frame,” or gill head,” probably from the French word 
“ MffnilU* ” (needles), as descriptive of the couiIjs, and to distinguish this machine from 
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those formerly nsed for the finmc. purpose, 'which simply consisted of a series of 
rollers, under and Twer which the line was passed. 

The following figures, 826, 827, sho y the oatline of the present most approved gill 
spreader or first drawing. 

823 



a A, general frame of the machine; n, driving pulleys ; c, auxiliary frame for end- 
less sheets; j> d i> n, rollers for carrying the endless sheets or aprons; e k, con- 



ductors to gui£e and slightly condense the four bodies or slivers of line; F, can for 
receiving the sliver; o, lever for weight on front or drawing roller; it, lever for 
weight on back roller ; k, delivering roller shaft, spring, and bell, which, by the inter- 
vention of gearing between it and the front roller, is caused to ring when any desired 
length of sliver is delivered. 

a a , the iron drawing roller or boss ; b b k the wooden or pressing roller, hy the 
pressure of which upon a a the sliver is held during the greater velocity of those rollers 
over that of e ; the holding or back rollers elongate in exact proportion of its aug- 
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mentation ; tlic holding roller c is in like manner pressed against another in order to 
assist the “gills 1 ' in retaining the fibres; k k , hooked rods to connect the weighted 
lever h with the lidding roller c, and by th depressure thus caused insure its effect ; 




d the sheet or surface of “ gills ” compost'd of separate bars, as seen at Jiff. 830, 
831 ; e, rubber or cleaner of pressing roller h\ ff, conductors to contract laterally 
tlic sliver at the moment of drawing ; ff, plate of metal having diagonal openings at 
ail angle of 45° (this plate is sometimes called the “ doubling bars,” having been first 
made of separate burs) to tlic origiuul course of the sliver, in order to enable it to be 



turned in a rectangular direction and guided to the delivering rollers h h ; this direc- 
tion of the sliver is more distinctly seen at Jig. 833; i, hanger or connector of pressing 
roller h to its weight lever c ; / /, the screws or « orm shaft for carrying the gill liar 
d d\ mm, the shaft with bevel wheels by which the screws at opposite sides of the 
frame are caused to move simultaneously; n n, pinions for connecting the npper and 
lower spirals of each pair; oo, the cams or cxccutrics for lowering and raising the gill 
bars ; pp, weighted guide lever or bell cranks for guiding the fuller in its descent, and 
moderating the shock caused by its weight when coming in contact with the lower 
slide or support ; q and r, worm and wheel for bell motion ; *, /„ «, v, f m, x, line of 
wheels from pulley to front roller and from front roller to back ; 1, 2, 3, line of gear- 
ing from back roller to sheet ; 4, 5, 6, 7, line of gearing from roller to delivering 
roller ; 8, from roller to brush ; y y, from back shaft to back roller. 

The machines for the second, third, and fourth drawings, though in principle 
essentially thcisame, yet differ in some of their minor details from the foregoing, as 
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they do not require the feeding sheet to supply them, the “ sliver,” from the spreader 
having sufficient coherence as to allow itself to be drawn from the cans direct by the 
back rollers of these machines; neither ’s a bell motion requisite to determine the 
length of divers produced by them. The subjoined sketches show the general parts 
requisite (fig** 832, 833). 



A A (Jigs. 832, 833), framing ; b, driving pulley ; c, support of sliver carrier ; d, 
roller for carrying sliver ; e, conductors ; f, can containing the slivers from the first 
drawing ; a, receiving can ; n n, the hackle carrying spirals ; i, the diagonal or 
doubling bars ; k, delivering rollers ; L, the drawing rollers ; m, m, a, the retaining 
rollers. 

833 



The roving fridhc is die same in regard to the arrangement of its back and fron* 
rollers and gills, as the drawing frames ; and as the position and manner of regulating 
the poles are generally the same as adopted for cotton, the description of these parts 
therefore does not require to be repeated ; but an improvement patented a few years 
since by Sir P. Fairbairn, of Leeds, of that part of these frames which relates to 
Vol. II. A A 
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regulating the taking op movement of the bobbin merits particular attention, as by it 
the inconveniences of the older method of a weighted belt and time, and those of the 
more recent disc frames, are entirely overcame. The principle of this improvement 
consists of driving a pulley by pressure between two discs running at equal speeds in 
opposite directions* as seen at figs. 834, 835, 836. 

Figs. 834, 835. To obtain the variable speed, instead of using a cone and belt as in 

some frames, or the pulley 
and single disc as in others^ 
a 5, the horisontal driving 
discs, the lower one a is keyed 
to the shaft d, while the upper 
It is free to turn upon it ; i, 
bevel wheel fitted to or form- 
ing one piece with the upjicr 
disc h ; c bevel wheel keyed 
to shaft d ; e intermediate 
bevel wheel gearing in the 
bevel wheels c and t, so as to 
turn them in opposite direc- 
tions, and consequently the 
discs to which they are di- 
rectly or indirectly attached ; 
<j, the variable pulley covered 
with leather and resting upon 
the lower disc w, and itself 
pressed upon by the weight 
of disc h\ it is thus driven at 
speeds varying according to 
its approach to or from the 
shaft d v thus answering the 
purpose of the traversing 
leather belt of the cone move- 
ment,; 7t, shaft keyed in the 
pulley g, from which the variable motion is transferred to the bobbins. 

A series of preparing machines, termed a “system,** consists in general of 1 spreading 
of 4 slivers at the drawing rollers, united into one by the doubling bars at the delivering 
roller, 2 frames of second drawing, in all 24 bosses 2 frames, third drawing containing 

835 830 
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together 36 homes 5 if a fourth drawing is required, 2 frames of 24 bosses each, or 
48 bosses in alL lift spindles of roving in 3 frames will well supply 3000 spindles of 
medium spinning. The mode of using*tliis "system ” is, as has already been said, 
first to spread the stricks of line upon the feeding-sheet of the "spreader,” then to 
receive the sliver or slivers there produced into cans capable of holding 1,000 to 1,200 
yards of slivers. Those cans specially intended to receive the slivers from this 
machine, are all made to one regular weight ; thus, when filled, the height of line 
each contains is correctly ascertained, and by the bell motion the length if also known. 
Upon this basis is founded the method of producing any desired number of yarn, and 
by doubling the slivers, a degree of equalisation that the simple spreading would be 
unable to effect; for at each drawing, and at the roving, several of the slivers from the 
preceding drawing are put together, to be again reduced to one for this object alone, 
lienee, the weight of a determinate length in yards of the desired yam being known, 
a calculation is made, combined of the drafts and number of doublings the material 
has to undergo, {0 determine what the weight should be of that length of slivers con- 
tained iu the cans from the spreader. Tt is ordinary to put 10 or 15 of these “ cans^* 
together, to form what is willed a w set,” the slivers of which are united at the second 
drawing with the subsequent drawings and rovings. The combination of two or three 
slivers at each boss is sufficient 9 

Though the above is descriptive of the “ gill ” frames now in use, yet it should be 
understood they are by no means the first or only results of the attempts made to 
correct the defective principle of the original roller machines, which were incapable 
of lidding or retaining the flux with a sufficient degree of regularity, owing to its 
uncquul lengths and nnadhesive nature. The consequences were that the yams pro- 
duced were " lumpy ” and unlevcl, making it evident that some improved means were 
necessary for more completely restraining and regulating the drawing of the fibres. 
The most obvious way to do this was to introduce some mode of partial detention by 
creating a friction among the fibres to imitate the action of the fingers in hand-spinning. 
This led to causing the slivers to pass through and among several ranks of serrated 
pins, which was found very nearly to attain the object, and certainly greatly improved 
the levelness and uniformity of the slivers. Thus the use of "gills ” became general 
about thirty years since. 

Those first brought into general use were constructed with circular discs or plates 
for carrying the fuller or gill bar, which at the same time were guided by their ends 
passing in fixed slides, so as to bring the gill in as vertical a position and as near the 
drawing roller as possible. 

The figures (837, 838) are 
profile and front views of the 
working parts of one of these 
gills: — a, slotted plate or 
disc, of which a pair were 
keyed upon a shaft n, so as 
to carry each end of the 
faller i>, passing through the 
slots c c; k, the fixed ec- 
centric slide ; c, n, the draw- 
ing rollers $ f, the holding 
rollers. 

This was succeeded by the 
"chain gill,” in which the 
falters were carried forward 
by an endless series of con- 
nected links, or jointed to- 
gether "slotted plates,” in- 
stead of the simple circular. 

The object of this was to in- 
crease the flat surface of gill 
bars between the holding and 
drawing rollers, making it 
more suitable foi; the longer 
descriptions of material The 
slides and roUevs, being simi- 
lar in these machines to those 
in the former, are not repeated, but the sketch of five slotted plates is given in 
fig- 839. 

From the evident impor'once of bringing the retaining effects of the gills as closely 

A A 2 
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as possible to the point where the movement of the drawing fibres is greatest, 
several attempts have been made to improve the above described gills in this 
respect With this view Messrs. TaylorT and Wordsworth patented a gill of 

considerable ingenuity (Jig. 

839 840), which therefore de- 

serves mention, though it 
never came into use. Its de- 
scription is as follows : — 
a, b the feller or “ gill bar" 
in one piece, which was 
carried forward by an endless 
chain ; c, d, slides placed hori- 
zontally over the gill sheet 
guiding the ends of certain 
bell -cranks v e, /, joined at 
their angle in the recess /, g,e t 
of the gill bar, and at their 
other end to the gill or comb 
a. By this arrangement, us 
long as the bell cranks are 
in the parallel parts of the 
slides e, d, the gill teeth will 
be above the faller a, b, bat 
when they arrive at the con- 
tracted part the guided ends 
will be brought into the posi- 
tion q q, and consequently 
the gill depressed is o 2; 
this is so timed as to cause 
them to clear the drawing 
roller, when, on again con- 
tinuing their course, they 
are again caused to rise 
and penetrate the sliver by 
the reversed inclination of 
the slides c, d, at the back 
roller. 

The objection to this in- 
genious machine was the 
largeness of the space sud- 
denly left open by the de- 
scent of the gill, as the double fuller, bell crank, and gill necessarily occupied great 
width. 

The screw or spiral movement of the fallen, which was soon afterwards invented, 
quickly superseded all others in use, as by these means the faller was caused, even in 
the manner they were first constructed, to approach closer than even in the most per- 
fected construction of the othere, to the side of the drawing roller, and still maintain 
the pins in a vertical position. Recently this object has been more perfectly at- 
tained by a patented improved construction adopted by Messrs. P. Fair bairn and Co., 
whereby the obstacle to the fal'-.T wholly touching the roller has been removed, and 
thus producing the full holding Affect or the gill to the latest possible moment. This 
is effected by employing a method of supporting the spirals by their working in 
tubular recesses in the Bide plate of the machine ; along these recesses are longitudinal 
openings through which the faller end passes to enter between the threads of the 
spiral, and which serve also as slides to support the faller. As by this means the 
supports or phunmer blocks that intervened between the end of thq, spirals and the 
roller are suppressed, the feller is enabled to advance to the place they formerly occu- 
pied. Fig*. 841 and 842 show this comparison of the older and more recent methods. 
A, b, spirals ; c c, the parts by which they are supported, being in fig. 841 small 
pivots in plummet block d d, and in fig. 842 hollow tube-like recesses in frame plate 
c c; x k, pinions to work the upper and lower spiral together ; r, hearings ; o, draw- 
ing-rollers ; h, pressing rollers $ z i, passage of the feller’s descent. • 

4lere it may be as well to observe that the same parties have still more lately intro- 
duced another important amelioration in these machines for remedying the noise and 
wear and tear which ordinarily attend them by the abrupt and violent descent of the 
feller. Fig. 848 shows a sectional front view of a head having this improvement 
spplled. a a, supports fbr screws ; b t c, top and bottom screws ; d d, the new cams 
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fixed on shafts pnroHel with the screws, and revolving at the same speed. Thus, thes e 
cams d d receive thff feller e e at their largest diameter, at the moment they are free 
to descend, and guide them gradually down to the lower s l i de . 

Thus constructed, the “ screw gill ” continues to be the most esteemed in principle, 
though not without some serious objections in practice. For the abrupt and angular 
movement of the “ feller ” even here not only liberates too suddenly a portion of the 



fibres that should be hut gradually relaxed at the moment of being drawn, but causes 
considerable wear and tear to itself; the slides, and the gills attached to it ; to which 
cause of destruction must be added the great friction of the worm movement; these, 
however, in M line ” preparing, where the fibres are long and straight, and the drafts 
employed large, and where, consequently, a comparatively slow movement of the 



gills is required, arc not so much felt as in the preparation of tow, where they become 
serious. 

In “ tow preparing ” the first operation, as before stated, consists of “ carding,” which 
is generally repeated over two separate machines, which are respectively called the 
“ breaker " and the “ finisher ” cards. They are efcentially the same in principle, and 
vary but little in construction, the only difference being that the “ breaker ” is fed or 
supplied by the disjointed parcels of tow from a creeping sheet (as the spreader with 
“ line”), and delivers its slivers into a can, whereas the finisher is fed from a bobbin upon 
which several of the slivers from the “ breaker” are united by a machine expressly for 
that purpose, called a “ lap frame ; ” this card thus receives its supply of work in a very 
regular form, and previously to delivering it in the form of slivers causes them to pass 
over a gill, to consolidate and strengthen them before delivering them into the receiving 
cun; it is also generally clothed with a finer description of wire filleting than the 
breaker. Though it is the better method to card thus the tow twice, yet this second 
carding is sometimes dispensed with ; in that case this auxiliary “gill ” is similarly 
fixed to the fimt card or breaker. The cards employed for tow are machines of con- 
siderable weight and importance, the main cylinder, or, as it is sometimes colled, 
“swift,” being from 4 to 5 feet diameter and 4 to 8 feet long ; those most generally 
employed are 6 feet long. Previously to entering upon the detailed description of a 
cart, it may be as well first to trace in general terms the progress of its operations, as 
tending to elucidate the explanatiou of the machine itself. • 
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The tow is first divided by weighing into small parcels of lOio SO drams ; these 
are then shaken out and spread so as to cover certain definite portions of the creeping 
feeding sheet, by which they are conducted to Ine first pair of rollers, called the feeders. 
These rollers are covered with a leathern band, in which arc fixed in close array a 
number of wire points about £ an inch long, and having a tangential inclination to the 
circumference of the rollers, which are about 2 £ inches diameter. The tow passing at a 
slow rate of progression between these rollers, is by them gradually presented to the 
points with wtiich the swift is likewise covered, also set in leather bands, bnt which arc 
about 2 inches wide ; these points, the same length os those of the feeders, have an 
Inclined direction pointing to that in which the cylinder turns. The much greater 
velocity of the “ cylinder ” combs and somewhat opens and breaks the tow as it slowly 
arrives in contact, and the inclination of the pins at the same time carries it forward. 
All snch lumps and fibres as are not sufficiently opened and straightened by this first 
contact, remaining prominent on the surface of points on the cylinder, are carried by 
it against another roller, whose axis is parallel, and whose wire-covered circumference 
is' on) light rs near as possible, without absolute contact, in order to catch and retain these 
prominent lumps and fibres ; the points of this roller (called a “ worker ”) are inclined 
m a direction opposed to the movement of the swift, and, therefore, hold the “ tow * to 
be again combed and strajghtcncd os at first it was by the feeders: this is repeated eight 
or nine times, by having that number of workers to the card ; each of these workers has 
its attendant roller, also covered with wire points, by whose inclination in a contrary 
direction, and by the greater velocity of the roller, the tow is stripped from the workers, 
to bi* again laid on to the cylinder. The strippers, though running at a greater velocity 
than the workers, are still slower than the cylinder. The tow thus carried forward 
gradually improving in openness and regularity as it passes each pair of “ workers and 
strippers,’ 1 finally arrives at the roller called a doffer, of which there arc two or three 
upon a card, the wire points of which are in snch a direction as to hook or catch the tow 
“as it flics.’* The use of these several doffers is, that by placing each succeeding one 
progressively nearer the swift, the longer and shorter fibres are successively and sepa- 
rately taken off. Each doffer is cleared by an oscillating comb, and the slivers con- 
ducted, if intended for the lap machine, into a can by delivering rollers ; but if finished, 
these delivering rollers are as it were the l>ack rollers of the auxiliary gill, patented for 
this application by Messrs. Fairboim and Co. ; whereby the slivers are not only saved 
from all danger of derangement in their loose and porous state as direct from a card, 
hut the hitherto double expense of carding and first drawing is reduced to that of 
carding alone. 



a A. k (Jig . 844), framing ; b, swift or main cylinder ; c, feed rollers ; ddd, strip- 
pers to feed ibllers and workers driven by one belt from pulley k, and maintained 
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tight by the movable pulley F ; goo, workers ; hi, the three d offers ; n n h, 
intermediate wheels To connect the movement of the doffers with one another ; krk 
oscillating combs for their respective d offers ; l, delivering rollers ; m, bock roller of 
auxiliary gill i n, gill surface ; o, p % drawing rollers ; q, delivering rollers and hell 
motion for measuring the sliver in the cans it) 8 8, doubling plate ; t, pulley for driv- 
ing auxiliary gills by bell from the policy k. 



The lap frame, to which allusion has already been made as the necessary adjunct 
to the cards when double carding is to be performed, is employed to collect together a 
number of slivers from the “ breaker ” by winding or Japping them upon a cylindrical 
piece of wood, which may be described as a bobbin shank, thus producing an equa- 
lisation of the slivers of tow as the making up of sets effected in line preparing; from 
fiO to 60 lbs. of tow is the usual complement of one of these bobbins, the length and 
the diameter, when full, about 22 inches; thus, a G feet wide finisher card will take 
off tliesc bobbins nt once ; from 15 to 20 is the number of slivers usually wound to- 
gether, and the completion of a bobbin by tbe ringing of a bell, connected with the 
measuring cylinder of the machine. The following is a descriptive drawing of the 
lap machine. 



AAA (figs. 846, 847), framing; b, meamring and prewing cylinders cor. 
driving pulleys connected with different gearing to change the speed as the bobbins 
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fill; n, bobbin or shank intended to be filled ; e, table to receive the bobbin when 
about to be taken from the machine ; F, weight to increase the dfect of pressure of the 



measuring cylinder by the connecting rods oog, which are split for part of their 
length in order to pasB the shaft H, and at another, g g, have racks into which work 
pinions keyed on tne shaft of the hand wheel I, for the conTeniencc of raising aud 
lowering the cylinder and weight. The shaft h is divided at the plates k and l, and 
provided with sockets to receive the end of the bobbin shank i>, which is introduced 
by sliding back the piece h n, and returning it by lever m, and thus is coupled and 
turns together with two pieces of shaft 11, as also the disc plates k and l, which arc 
to serve as temporary ends to the bobbin during the time of its filling, and thus by 
turning with it avoid that rubbing and felting effect upon the edges of the tow so in- 
jurious in the machines formerly constructed, and by the bobbin acting as the driver 
to the cylinder the Blivers are drawn tighter, and thereby avoid those plaits that the 
other machines were so liable to produce. 

As before mentioned, some objections were found to tlie working of the screw-gill, 
of a nature detrimental to the machines themselves, which, though not of great im- 
portance in * line,** were much aggravated in tow preparing, as the lesser drafts there 
employed cause a greater wear a«|fl uar of the fallen and gills. The objection to 
these machines, however, is not confined to this point only, but extends also to their 
effect upon the material itself. The fibres of the tow sliver, as coming from the card, 
are in a light and mnch confused state, which renden them liable to be easily separ- 
ated; 80 that the fuller, by its sudden descent, has a tendency to draw some down, 
and become lapped by them, as well as to make so marked a difference in the thick- 
ness of the sliver, by the withdrawal of the retail ing comb, so as materially to injure 
the quality of the Tarn. Thus this “ gill ” was not enabled to hold its place in tow 
spinning, when other circumstances led to greater attention being paid to this im- 
portant branch of the fiax business, and it became a desideratum to have a machine 
free from these defects, and capable of working without derangement, At much greater 
velocity than was safe with the “ screw-gill.” These desiderata the “ rotary ” gill, 
patented by Messrs. Fairbairu and Co., amply supplies. For imthis gttl the circular 
form? of the gill sheet obviates the necessity of having several fullers, and the simple 
motion creates neither friction nor abruptness of effect, while the retention of the fibres 
being continuous, the slivers produced are perfectly level and uniform ; consequently 
these gills are extensively applied, as the auxiliary gill explained in carding, as well 
as for the subsequent drawings and rovings of tow, and sometimes, as will be after- 
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wards seen, to coaqpe spinning. The theoretical construction of these rotary gills will 
be seen by the annexed sketch. 

m (Jig. 848), back rollers, but when applied to a card a top and bottom holding 
rollers are again employed ; n, the rotary gill sheet having the pins inclined back- 
wards, so as to ensure the impalement of the sliver when the fibres begin to draw ; p 


M * \^j 





and o, the drawing and pressing rollers ; the doubling bars or plates arc the same to 
these gills as to the “ screw-gills.** 

A machine has been lately invented, and bronght out by Sir P. Fairbairn and Co. 
of Leeds, called Heilmanu’s tow combing machine (fig. 849), which, on trial, is 
much approved of. The tow is first carded in the ordinary way, say on a breaker 
card, and then on a finisher card ; the latter delivers the tow in . the shaj»c of a 
sliver into cans, which arc next placed at a, or back of the tow combing machine. 
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fluted and fitted with leather, and a corresponding nipper ? bung f from the same Rhaft 
d, and keyed upon it, completes the jaw which has to hold fast the tow, while the 
cylinder o combs it. 

. The feeding box c derives its motion from the nipper p, which is moved by lever 
and exccntric as shown, and follows that nipper by its own weight, until stopped by 
indiarubber buffers n ; when the nipper p in going farther back leaves it, and the 
jaw k f opens for more tow to be fed, and the tow already combed to be drawn through 
the detaining' comb i, as explained hereafter. 

The top k of feeding box is movable up and down, by means of the connecting 
rod i*, hung on a fixed centre h, so that the top part k opens or shuts as the body of 
the box goes backwards or forwards. The levers m n x are only need to keep the top 
and bottom of the box parallel to each other. 

As shown in the drawing, the top of the feeding box is fitted with hackles passing 
through two grates o and r, fast on bottom of feeding box, and leaving between them 
a space throngh which the sliver has to paw. 

By the above arrangement, the hackles arc caused to withdraw from the tow, while 
the whole box is drawn backwards on slides of table q, by the eccentric motion rril 
T he last backwards motion takes place while the jaw p is yet shut, and the top of the 
box up ; bat when the loiter has got closed again, then the whole box slides down on 
the table Q to its former position, bringing with it the sliver of a quantity equal to that 
move: this completes the feeding motion. 

Now as the feeding box Tecedes, the lip e comes nearer to the combing cylinder o, 
the hackles 6 s cleaning the tow projecting outside the nipper p. As soon as they are 
passed through, the feeding lx>x comes back to the most forward position, when the 
nipper p leaves it, and the jaw e p opens : at the same time the two rollers T u have 
reached their top position. The top one T is then thrown forwards (by the lever 
arrangement shown in v v v) upon the leather w, stretched on parts of surface of 
cylinder g ; this roller t is thus driven, and takes hold of the points of the tow presented 
to it by lips or bottom jaw e ; a fine detaining comb i being jnst before interposed 
between them to keep back the noils, that have not been carried off by the combing 
cylinder. 
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In that way the points of the tow are driven upon the sheet nntil-the roller t 
by b<4ng thrown back again off the leather w, their motion is Btopped at the sume 
moment, the two rollers u and t are allowed to drop down by eccentric v, drawing 
with them (through the detaining comb i, and quite oat of the rest of the sliver) the 
other ends of the fibres of which they have got hold. 

While thisfaas been going on, the feeding box has advanced the sliver a step, the 
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nipper closed, and forced the said feeding box forwards so as to bring the lip b within 
the reach of hacklesns on cylinder a, which then met it, cleansed the tow, and so on 
as before. * 

At that time the rollers t and u come np again, and during that upwards motion 
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the latter ends of the fibres partly combed and overturned by the cylinder hackles, as 
shown in drawing, are combed by them in their turn. Then the roller t is once more 
driven round by the leather w stretehed on cylinder, the new points place themselves 

852 



above the bock ends of the fibres coinlied before, and are carried forwards into a con* 
tinuous sliver on the leather sheet x, from the leather sheet to the rollers z z, then to 
the trumpet conductor a, the front delivery roller r, and (when more tlum one head 
to the machine) from c to the cud delivery r, over the conducting plate a. 
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In «./» 9* and A, are the usual brush, doffer, comb, and tow bo^ for the noils. 

These combing machines are made of different sices to suit all sorts and lengths of 
tow ; the yarn produced from them is much liner than that produced by the ordinary 
carding system alone. The combed tow can generally be spun to as high numbers 
as the line from which it has been combed, and in some instances has produced good 
yarn, even to higher numbers. The combed tow, after the combing machine, is 
passed through a system of drawing, roving, and spinning, similar to that used for 
cut line. 

Subsequently to the carding the preparation of tow is completed by making up sets 
of cans for the second drawing, as explained for line i these slivers are doubled and 
drawn once or twice more, and then roved. The drafts used in tow preparing are from 
9 to 8, for, as the fibres are shorter, it necessitates the employment of less draft. In both 
line and tow preparing, lesser drafts are employed as the stages advance, the gills finer, 
and the conductors narrower: also for both materials much attention is requisite to 
keep the various parts of the machines in good order, free from bent or broken pins, 
aild chipped or indented rollers, for no subsequent operation can cure the defects that 
may be produced by negligence in these particulars. The drawing and roving frames 
for tow arc shown in figs. 850, 851, 852. 

a a. (fig. 851), drawing frame; n, driving pulleys; c, rotary gill sheet; u, drawing 
roller ; s, pressing ; f, g, pairs of delivering rollers; n, doubling plate ; I, back con- 
ductor ; K, back roller wheel with pulley to turn the sliver rail h. 

a a (Jigs . 851 & 852), roving frame; B, pulley and fly wheel combined ; c, drawing 
roller ; d, rotary gill ; a a, stand for gill movement. The regulation of the bobbins 
is effected in the same manner as already described for line roving. 

Spinning. — This operation consists in drawing the “ rovings ” down to the last 
degree of tenuity desired, and twisting them into hard cylindrical cords, which are 
called “ yarns.” 

There are three modes of performing this operation ; the first, and perhaps oldest, 
is that where the drawing and twisting arc performed altogether, with the material 
preserved dry, and without breaking or hortening the fibre ; the second is that which 
likewise, without changing the length of the fibres, draws them while dry, 
but wets them just at the moment before twisting. This method is the nearest imi- 
tation of hand spinning, and makes the yarn more solid and wiry than the first ; us 
the fibres of flax losing their elasticity while wet, unite and incorporate better with 
one another. The third mode of spinning has been much more recently introduced 
than cither of the others, and by it the fibres are wetted to saturation previously to 
being drawn, whereby they are not only much reduced in length, but their degree of 
fineness is increased by the partial solution of the gummy matter, inherent in the flaxen 
material : owing to these circumstances equally good yarns can be produced by this 
mode of spinning from line and tow of inferior quality, to what could be employed 
upon either of the others, and not only that, hut much finer yarns can be now spun 
than were possible previous to its introduction. It has therefore not only nearly 
superseded all other methods of spinning for yarns from 20’s to the finest, but has 
much increased the extent and importance of the flax manufacture. 

The only difference in spinning frames for 11 line or tow,” when employed for the 
older methods, consists in the length of reach, which generally involves the necessity 
of having separate machines for each material, though sometimes they are made with 
a capacity to be adapted to either purpose. In the third method the same machines 
are used promiscuously for “ line or tow.” 

The yarns spun wholly dry arc pBfd for the coarse description of woven goods, as 
packing canvas, corn sacks, and, when partially bleached, for sheetings and towellings, 
as from its greater elasticity and openness it fills up better in weaving. Those spun 
partially wetted are employed for a somewhat superior description of linen goods, and 
the solid silky appearance qualifies them for drills, damasks, &c., as well as for sewing 
and shoe threads ; a somewhat inferior material, by this manner of treatment, makes 
an equally good yarn as a better material spun dry. The yarn produced from this 
wet principle is rather inclined to have a cottony appearance, and from the comparative 
case with which an infrrior material can be made to present an apparently fine good 
yarn, the application of yarns thus produced is exceedingly various and sometimes 
deceptive, though when good materials are used, these yarns afford durable and 
handsome drills, shirtings, lawns, and cambrics, as well as fine sewing threads. 

'Hie mechanical airangements for twisting, and then winding thetyarn dpon a bobbin, 
is called the (< throstle” principle, supposed to be so called from the whistling noise they 
create when working at foil speed, which is from 2,500 to 4,000 revolutions a minute. 
The following diagram will explain the principle, which is applied alike to all the 
modes of spinning above described. 

a a (fig. 853), the spiudlc ; n, the bobbin, loose and independent of the spindle in 
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regard to turning, and rising, and lowering, bat through which the spindle passes i 
cc,the flyer screw^i to the spindle top; d, table called bobbin lifter, as while at 
work it nses and lowers to lay the yarn on the whole bobbin equally ; x, a s ma ll 
cord to press on the bobbin by the weight f: g, pulley by which the spindle is 
driven. 

Many attempts have been made to improve upon this principle, in order to 
avoid or lessen the strain upon the thread in its passage from the drawing rollers 
to the flyer eye ; but, till recently, without any degree of success. The only improve- 
ment at present known, and which promises to become general, is tflat where thu 
necessity to have a top to the bobbin is avoided. It will be seen from the above 
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diagram (858), that the yarn is compelled to rub the top of the bobbin, and the friction 
thereby created quickly causes it to become rough; and therefore it has a tendency 
to catch and break the thread. The desirableness, therefore, of having a clear 
course for the yarn was evident, and thiB improvement that wc arc about to ex- 
plain produces the effect by employing what is trailed a coping motion, which, like 
that used in mulcspinning, preserves tlie layers of thread upon the bobbin ever in a 
pointed or conical state, and therefore self-supporting without the aid of the wooden 
end of the bobbin. See Cotton Spinning. 

The arrangement of the rollers for holding and drawing the slivers or rovings, as 
well as the plates and rollers for aiding to retain the twist of the rovings, in order to 
render their elongation more equable when to be drawn dry and spun upon the 
older methods, will be seen in fig. 854. 

a (fig. 854), roving bobbin ; B, back or holding roller; c, carrying roller ; d, flat plate 
with a slightly curved face ; the carrying roller and plate arc so placed as to cause a 
degree of frictlbn to the roving when passing over them, so as to retain the twist, and 
thus act as t|fe pins in the M gill flumes ; ” e, tin conductor for contracting the roving 
at the moment of tiling drawn; f metal roller; y, wooden roller pressed agaiqst the 
drawing roller in order to pinch the roving; h % lever and weight. When it is in- 
tended to wet the yarn previously to twisting, the trough * is used, in which is water, 
which is supplied to the roller g by the capillary attraction of a piece of cloth im- 
mersed therein, and bearing against the roller by lever k. , 
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mention of holding rollers or friction bars, while the force requisite to draw the rovings 
at the short reaches used, varying from to 4 inches, requires each pair to be deeply 







FLAX, 


367 


and accurately Anted into one another. The water used is heated, in order by the 
expulsion of the fixed air more rapidly and completely to saturate the rovings while 
passing through it. * The following drawings and description' will be sufficient to give 
an accurate idea of the principle of these machines, which are generally 20 to 30 
feet in length, and contain 200 to nearly 300 spindles; that is, 100 to 150 on 
each side. 

a ▲▲▲ {Jigs. 855 & 856), framing; b b, stand for roving bobbins ; c, driving pulleys 
fixed upon the axle of cylinder i>, from which pass endless cords to drive the spindles 
ee; f, step-rail of spindles; g, collar rail for ditto; h, bobbin lifter; I lj front roller; 
k k, back roller; l, back pressing roller ; x, top pressing roller (these are generally 
made of box wood, but sometimes of gutta percha) ; n, n, levers in connection with 
the excentric to produce the rise and fill of the bobbin lifter; o o, thread-plate ; Q q, 
saddles or transverse bars resting on the axles of the back and front pressing rollers, 
so that one lever and weight acts for both by the connecting rod and lever r r, which, 
in order to cautye more pressure on the drawing than on die back roller, is placed on 
the saddle nearer the former than the latter. 1, 2, 3, 4, 5, 6, 7, 8, train of wheel work, 
by which the movements are distributed, a a a, the trough of hot watenmaintaified 
by steam-pipes at the desired temperature; b b t guide rods or pipes to cause the roving 
to pass under the water. In order to avoid the rollers becoming indented by the 
roving always passing on the same place, they are caused tp traverse the breadth of 
the rollers by a traversing guide rail, moved by an excentric at the worm and wheel 
c ; d, flyers, and./; spindles. 

Here it may be proper to introduce a description of the machines for twisting the 
yarns when spun into “ threads ” used for sewing, &c. The yarns spun for this pur- 
pose should always be made of a somewhat superior description of line to that em- 
ployed for the same number of yarns for weaving, and have rather less twist They 
are generally taken while wet on the spinning bobbins to the twisting frame, and, 
when combined together, the union is effected by a torsion in the opposite direction to 
the original twist of the sepurafe yarns. 

Heeling. — This operation consists in winding the yarn off the bobbins of the 
spinning or twisting frames, and forming it into hanks or skeins. The various deno- 
minations of the skeins into which yarn is reeled, and then the forms or combinations 
they are made up into, are as follows : — 

The lea containing 3U0 yards 
10 leas making 1 hunk 

20 hanks „ 1 bundle 

6 bundles „ 1 packet 

It is by the standard lea of 300 yards that the description of yarn is known from the 
number contained in 1 lb. weight; thus, No. 20 contains 20 leas or 6000 yards fur 
1 lb. weight In Scotland, the subdivisions are rather different from the foregoing, 
which are employed in England and Ireland; the lea, however, remaining the 
same : — 

38 leas make 1 spindle 
6 „ 1 rand 

12 rands „ 1 dozen. 

a The reeling is performed upon exceedingly simple machines, generally put in mo- 
tion by the hand of the person attending them, though sometimes they are driven by 
the motive power of the factory. Thu reel is made sufficiently long to receive twenty 
bobbins, and the barrel upon the yarn is wound its one length; the diameter, however, 
varies so as to suit the different sizes yarned to be reeled. For the coarsest yarns and 
down to 16 and 20, the largest circumference is used of 3 yards, from that to about 
No. 100, 2j yards, and for the finest yarn 14 yards is found most convenient. These 
various circumferences are compensated either by putting a great number of threads 
into cacli M tyc, M or increasing the number of tyes, so that opposite to each one of the 
20 bobbins an 5m tire hank should he formed before taking the yarn off ; thus at each 
“ stripping,” one bundle is turned ofl; To facilitate the stripping, one of the rails of 
the barrel is made to fall in, and thus slacken the hanks ; care is taken to leave the 
lea bonds very looser in order to allow the yarn (o be spread out in drying and 
bleaching*. Tlfe determinate lengths of yarn, when wound on the reel, arc notified by 
the ringing of a bell connected with, the axle of the barrel. Fig- 857 below shows the 
form of an oxfainary* hand-reel. *» 

A a (Jig. 857), framing : n n, reel barrels ; c, box or trough to receive empty 
bobbins, Ac.; ds, bobbins in position of being reeled; ee, guide rails, movable so 
as to place the leas side by side on the reel; ff % bcJ 1 wheels; g g, bells for each 
reel barrel suspended on springs. 
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To these hand-reels there are many objections; for it is evident that the correct- 
ness of measure depends entirely upon the attention of the ropier, and the stop- 
pages arising from the breaking 
of a thread or the finishing of a 
bobbin interrupt the work of 
all the others. These objections 
rendered it necessary to attempt 
some ameliorations of the sys- 
tem by the introduction of a reel 
that should automatically pre- 
vent these causes of error. Such 
a reel was patented a few years 
since, and is now in general use 
in Scotland; it is so contrived 
as to have, the capacity of stop- 
ping itself when a thread breaks, 
when a bobbin finishes, and 
leas and hanks completed; and 
having but four or five bobbins 
in one compartment, the stop- 
pages affect but few at a time : 
and as this machine can be 
worked by less skilful persons without possibility of error, much saving is effected 
both in wages and matenaL The annexed figure (858) shows the principle of this 
improved reek 

a a (Jfy. 858X framing ; b reels; c c, pendulums on which are hung the bobbins to 
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be wound off; p, driving shaft with ratchet wheels opposite to each pendulum, so 
that when a thread breaks, the pendulum to which it is attached fells into the ratchet 
wheel, and thus stops it. 

The drying of wet spun yarns should always, when possible, be done in the open 
air by spending the hanks upon horizontal poles through them, with another similar 
pole resting inside upon their lower extremities, in order to keep them straight If 
artificial heat is employed, that from steam or hot water is preferable, and it should 
never exceed 90° Fahr., as otherwise the yam is apt to become harsh. 

Making vp. — By this operation is first produced upon the yams a 1 certain soft- 
ness and suppleness, and then the hanks are folded and tied up in conveniently-sised 
packages. 

In order to give the yams that soft and mellow feel so agreeable and characteristic 
of flex yarnf, the hanks when brought from the drying are what Is called shaken 
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down and pin -worked. This is done by separating a few at a time, and passing them 
on to a strong arm of wood fixed to a wall or pillar, when with a heavy baton pnt 
through them, the workman proceeds to stretch the hanks with a sudden check or 
jerk, which operation he repeats in two or three places so as to thoroughly straighten 
and shake them loose; he then, using the some baton as a lever, twists them lightly 
backwards and forwards till the desired degree of suppleness is obtained. A brush is 
sometimes used to aid the. straightening and separating, as well as to increase the 
gloss on the yarn. The hank or hanks will then be found to have lAsumed a flat 
shape, as on the reel, which fiicilitates their folding with a dexterous twist by their 
middle, when they are laid in square piles upon a table with their twisted folds one 
upon another. They are maintained in the perpendicular by a few supports fixed in 
the table. Sometimes these packages, which, according to the sixes of the yam, con- 
sist of from \ of a bundle to 5 or 6 bundles, are bound together by some of their own 
hanks, but sometimes by cords in three or four places of their length. It is, however, 
better to employ a bundling press than an ordinary table, as the yam can then be 
made up more solidly, thus both improving its appearance, and causing it*to occtff>y 
less space for packing and stowage. The bundling presses are made upon the same 
principle, but on a smaller scale, fbr making up the small packets in which sewing 
threads ore generally presented for sale, and are upon thp following construction 
(tys. 859, 860). 
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Fig . 859, front view ; Fig. 860, profile. ▲ a ▲, frame ; n, table or flat top of 
frame; c, rising table; d d, iron uprights fixed to n; e e, bars hinged atone 
end to uprights d n, to shut across the press, and be caught and latched down 
by the spring catch n, fixed to the upright d along one side of the press ; F f, rack** 
for lifting the table c by the pinions on shaft a; h, crossed levers for turning the 
shaft a ; i, ratchet wheel engaging the detent X, and thus retaining the shaft o in 
any required position, and thus of course maintaining the pressure of table c against 
the top cross-bars e. 

Weaving, is the operation by which the yarns are combined into textile fabrics, 
such as canvass, linens, lawns, drills, damasks, &c., and a great variety of other deno- 
minations of article for use and ornament 

Hitherto the Dreaving of linens has been carried on by the ancient and well known 
hand process, so ancient and so well known as to place the operative practising it 
among the worst paid of any other art. Now, however, there are several extensive and 
thriving establishments where machinery has taken the place of much squalid misery, 
and at much cheaper rates produce to consumers superior articles, and still afford good 
payment to the operative. The improvements in power weaving which have led to 
this result areliot founded upon one or even a few successful inventions or conni- 
vances, but are the combination of a great many that have occupied much time to 
mature. ICany difficulties had to be overcome in the weaving of flax that did not 
exist in that of other materials; and for a considerable period the expense of linens 
rendered their consumption so limited, as to make their production by pow^r weaving 
Vol. IL B B 
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bat a very secondary object, The greatest obstacle of a practical nature to the intro- 
duction of the power loom weaving of linens was, the stubbornness or want of elasticity 
in the yarn, which caused frequent breakages, and much confasion. In woollen or 
cotton goods, if a thread or yarn should chance to be a little tighter than the others in 
the warp, its elasticity will allow it to come up to the general bearing of the others 
when the weft is struck up by the reed; but in linen from the want of that elasticity, 
a thread so situated would break, and by crossing some others, cause those bIbo, if not to 
be broken direct by that circumstance, at all events to produce an obstruction to the 
shuttle that would lead to further mischief Hence it was most material in linens to have 
such a method of winding the yarns upon the warp beams that should insure the greatest 
regularity ; but strange to say, that point, though now attained, was at first wholly 
lost sight of. That circumstance, as well as the great mistake of attempting to use 
the same looms as are found suitable for cotton, produced so much discouragement in 
the earlier attempts as to give rise to a high degree of prejudice agaiqst the possibility 
of success in this undertaking, which may account for the backwardness in which this 
branch of the flax manufacture was found till quite recently. 

The roving machine, called by the ingenious inventor, Mr. W. K. Westley, of 
Leeds, the Sliver Roving Frame, seems to be a philosophical induction happily 
drawn from the nature of the material itself, and accommodated to its peculiar consti- 
tution. It is remarkable for the simplicity of its construction, and, at the Bame time, 
for its comprehensiveness: requiring no nicety of adjustment in its application, and 
no tedious apprentices) lip to be able to work it. 

It is known that the mucilaginous mutter of the plant may be softened by water, and 
hardened again by heat; of this fact advantage is taken, in order to produce a roving 
wholly without twist; that is, in the form of a ribbon or sliver, in which the fibres are 
held together by the glutinous matter which may be natural to them ; or which may, 
for that purpose, be artificially applied. The sliver roving, as long as it remains dry, 
possesses all requisite tenacity, and freely unwinds from the bobbin, but on becoming 
again wetted in the spinning frame, it readily admits, with a slight force, of being 
drawn into yarn, preserving the fibres quite parallel. 

The diagram,./^. 8G1, shows in explanation, that 

▲, is the drawing roller of the roving 
frame in front of the usual comb. 

B, the pressing drawing roller, 
c, a shallow trough of water, 
i), a cylinder heated by steam. 

E, a plain iron roller for winding. 
f, a bobbin lying loose upon tlic 
winding roller, and revolving upon it, 
by the friction of its own weight. 

The roving, or sliver, as shown by the 
dotted line, after leaving the drawing 
rollers, a, b, passes through the water, in 
the trough c, which softens the gluten 
of the fibres: and then it is carried round 
by the steam cylinder d, which dries it, 
and delivers it hard and tenacious to the 
bobbin r, on which it is wound by the 
action of the roller B. 

This is the whole of the nrchnnism required in producing the sliver roving. 
All the complex arrangements bf the common cone roving are superseded, and 
the machine at once becomes incomparably more durable, and easier to man- 
age ; requiring only half the motive power, and occupying only half the room. A 
frame of 48 bobbins is only 6 feet long, and affords rovings sufficient to supply 1200 
■pinning spindles. 

This machine, though here described, is but little uBed, being capable of but very 
limited application. 

Combe of Belfast has lately introduced an improvement in the roving frame. It 
consists in the application of a peculiar expanding pulley, instead of the cones, or 
discs and runners which have hitherto been always used for the purjvpse of regulating 
the M take-up ” of the bobbins. It is evident that a strop of 2 or 3 ini broad, working 
over the cones, placed with the small end of one opposite the Jarge end of the other 
is ffti imperfect and rude mechanical contrivance, and that there must be a constant 
■training and stretching of the belts. There is the same imperfection attending the 
disc and runners. The expanding pulley is free from these objections, as its acting 
surfisce is a line ; and therefore it works with the greatest accuracy, while it is also 
a great simplification of the machine generally. In rovings for flax and tow it is 
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There are three By stems of long line machinery for No. 25*s to 70’s ; two systems of 
cut line machinery for No. 10*8 to 120*8; and three systems of tow machinery for 
No. 10*8 to 40*8. . __ , 

The bnildincfu 56 feet wide and 162 feet long ; which is a very suitable and con- 
venient size* and which admits of the most economical arrangement. of the machinery. 
The following is a description of the machines shown in the preparing room : % 

▲ a, two of Baxters patent sheet hackling machines for long tow. 

B, a flax -cutting machine. , _ . , 

c, one of P. Fairbaim & Co.*s patent double line of holder hackling m ac hi nes for 
cut line. • 


b b 2 
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n d v are two breaker cards, 4 feet diameter x 6 feet wide. 
E, lap machine. 

864 - 



rrr, are three finisher cards 4 feet diameter x 6 feet wide, with P. Fairbairn and 
Ca's patent rotary gill drawing heads attached, 
a o, are two patent rotary gill drawing frames for long tow, 12 slivers each. 

H b, two ditto regulating roving frames, 48 spindles each, for long tow. 
j, is a screw gill second drawing frame of 3 heads for cut line tow. 

K, is a screw gill third drawing frame of 3 heads for cut line tow. 

L, a screw gill regulating roving frame of 72 spindles for cut line tow. 

m m m, are three long line first drawing frames or spreaders of 4 bosses each. 
n n n, are throe long line second drawing frames of 2 heads each. 

000, arc three long line third drawing frames of 2 heads each, 
p p p, three long line regulating roving frames, 60 spindles each. 

Q q, are two cut line spreaders of 4 bones each. 

b r, two cut line second drawing frames, 2 heads each, 
s s, two cut line third drawing frames, 2 heads each. 

T t, two cut line regulating roving frames, 72 spindles each. 

The spinning room contains 34 spinning frames of 184 to 244 spindles each, appor- 
tioned to the several systems as described below. 

1. System of long line machinery for spinning No. 25’s to 40*8. 

1 Baxter's patent sheet hackling machine, 6 tools. 

1 spreader or first drawing frame, 4 bosses. 

1 second drawing frame, 2 heads, 4 bosses each. 

1 third drawing frame, 2 heads, 6 bosses each. 

1 patent disc regulating roving frame, 60 spindles, 10 spindles per head, 8 inches 
x 4 inches bobbin. 

5 spinning frames, 2} inches pitch, 200 spindles each, 1000 spindles. 

The production of this system is about 66 bundles, or say, 420 lbs. of No. 30’s yarn 
per day. 

1L Two systems of long line machinery for No. 40’s to 60*s. 

1 Baxter’s patent sheet hackling machine, 8 tools. 

2 spreaders or first drawing frames, 4 bosses each. 

2 second drawing frames, 2 heads of 6 bosses each. 

2 third drawing frames, 2 heads of 8 bosses each. 

2 patent disc regulating rovibg frames, 60 spindles each, 12 spindles per head, 6 
inches x 3j inches bobbin. 

10 spinning frames, 220 spindles each, 2 J inches pitch, 2200 spindles. Production 
about 130 bundles, or 472 lbs. of No. 55’s yarn per day. 

III. Two systems of three cut line machinery for No. 40 s to 120's (one for 40’s 
to 70’s, and one for 70’s to 120’s). 

1 flax entting machine. 

1 P. Fairbairn and Ca’s patent double line of holder hackling machine. 

2 spreaders or first drawing frames, 4 bosses each. 

2 second drawing frames, 2 heads each, 6 slivers per head. 

2 third drawing frames, 2 heads each, 8 slivers per head. 

2 patent disc regulating roving frames, 72 spindles each, 12 spindles per head. 
A 6 x 3j inches bobbin. • 

5 spinning frames, 220 spindles each, 2l inches pitch, « 1100 spindles. 

5 spinning frames, 244 spindles each, 2J inches pitch, =■ 1220 spindles. 

Production about 66 bundles or 236 lbs. of No. 63’s yarn per day. and about 60 
bundles or 105 lbs. of No. 95’s yarn per day. 
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IV. Two systemsof long tow machinery for No. 10*s to 25’s. 

1 breaker card^H feet diameter, 6 feet wide, doffed by rollers. 

1 lap machine. 

2 finisher cards, 4 feet x 6 feet, with P. Fairbairn & Co.’s patent rotary gill drawing 
frames attached. 

2 patent rotary gill drawing frames, 12 slivers each. 

2 patent rotary gill disc regulating roving- frames, 48 spindles each, 8 inches x 4 

inches bobbin. • 

8 spinning frames, 184 spindles each, S inches pitch for No. 10*s to 18 s — 552 
spindles. 

3 spinning frames, 200 spindles each, 2} inches pitch for No. 16*s to 25's = 600 
spindles. 

Production abont 39 bundles, or 488 lbs. No. lG's per day, and about 39 bundles 
or 312 lip., No. 25’s per day. 

V. One system of cut tow machinery for No. 25’s to 40*8. 

1 Breaker card, 4 feet diameter, 6 feet wide, doffed by combs. 9 m 

1 Finisher card, with F. Fairbairn & Co.’s patent rotary gill drawing frame at- 
tached. 

1 Screw gill second drawing frame, 3 heads each, 4 bosses per head. 

1 Screw gill third drawing frame, 3 heads each, 6 bosst/l per head. 

1 Screw gill patent disc regulating roving frame, 72 spindles, 12 spindles per head, 
6 x 34 inches bobbins. 

3 spinning frames of 220 spindles each ; 2j inches pitch,-* 660 spindles. 

Production about 36 bundles, or 240 lbs. of No. 30’s per day. 

The reeling is generally carried on in the attic above the spinning room, and the 
number of reels required is about the same as the number of spinning frames. 

Summary view . 

There are 3200 spindles long line, producing 19G bundles, or, 890 lbs. of yarn per day. 


1152 „ 

long tow. 

ti 

78 

800 

2320 „ 

3 cut line. 

»» 

115 

340 

660 „ 

cut tow, 


36 

240 

7332 spindles 


425 bundles 

2270 lbs. of yarn per day. 


The waste in line spinning h generally about 10 per cent., and in tow spinning about 
25 per cent., so that the quantity of raw flax required to produce the above stated 
quantity of yarn would be g 55 

about 20 cwts. of flax for long 
line and long tow spinning, 
and about 6 cwts. of flax for 
cut line and cut tow spinning. 

Flax Weaving Loom 
for Heavy Fabrics. — 

▲ A A, Jig*. 865, 866, frame of 
loom; B, beam on which 
the yarn for warp is wound ; 

c, cloth receiving beam ; 

d, driving pulleys and fly- 
wheel ; e, hand rail for sup- 
porting the reed ; F, swords 
of supports of going part ; g, 
picking sticks for driving 
the shuttle ; h leather straps 
for connecting the picking 
sticks with their actuating 
levers l ; m, | N, jaws of a 
clamp to cause the retaining 
friction on the collars of the 
beam b, by which friction 
the quantity of weft is re- 
gulated ; o, ehd of lever, 
bearing the v^pight by which 
the jaws are brought to- 
gether; p, lever, keyed at 
one end to the upright shaft Q, and connected with the other to the fulcrum of the 
weighted lever o ; b, lever, one end of which is also keyed to the upright shaft <t, and 
the other is provided with a wood sole, and is pressed by a strong spring against the 
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yarn wound upon the beam B. It will be seen that, as the yarn is taken off the beam 
b, and its diameter consequently reduced, the lever p moves the fhlcrum of the 
weighted lever o, and thus regulates the pressure upon the clamps xi and n, causing 
an equal tension upon the yam from the full to the empty beam ; a, treddles, actuated 
by the cams b , driven by the wheels c, rf, e, from the picking shaft/; g g, shuttle 
boxes at each end of the going part ; h k, arrangement of levers to conduct equally 
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each end of the gears i ?. This loom has also, in addition to the ordinary stopping 
arrangement connected with the shuttle, one also for relaxing the reed in case the 
shuttle should be arrested in its course across the warp, whereby the danger, ordinarily 
incurred by that accident, of breaking many threads in the warp, is avoided; it will 
also be seen that the hands called picking hands arc superseded by the ends of the 
picking levers striking the shuttle direct; thus, by these improvements, drills are 
currently woven in this loom at the rate of 120 to 130 picks per minute. 

Of late extensive trials have been made to adapt the power-loom to the weaving of 
light linen fabrics. Previously it had been found that while coarse and strong flax 
fabrics, such as those made at Dundee, Arbroath, &c., in Scotland, and the drills made 
at Barnsley, could be produced by power as well and more cheaply than by hand, yet that 
the lighter fabrics, such as shirtings, cambrics, lawns, &c., would not bear the strain of 
the power -loom, or at all events that to make them of as good appearance as by the 
hand-loom the manufacturer required to employ a dearer article of yam, and so found 
that he coaid not compete with his neighbours who had hand-loom weavers. The 
scarcity of the latter in Ireland, during the laBt three or four years, and the advance 
in wages caused by the growing prosperity of the country, has directed the serious 
attention of the trade to the matter, and therefore manufacturers and machine makers 
have each aealously sought to remedy the defects that existed in the power-loom, as 
regards its application to the weaving of light linen fabrics, and to give repeated trials 
to new inventions. The consequence has been that, while four years ago there were 
only in Ireland fifty-two power- looms making linens of any kind, there are now nearly 
3000, and these produce all kinds of flaxen fabrics of good quality, and thirty re- 
munerative to the manufacturer. This branch of the manufacture is, however, as 
yet in an embryo state. 

As respects other details of the subsequent processes which linens undergo before 
they are placed in the market, and also the general statistics of the entire trade in 
imports and exports, see Bleachixg, Ltnen, &c.— J. M‘ A. 

After careful enquiry in Belfast and elsewhere, it is found that no material 
change has been made in any of the machines or processes described in this 
article (1866> 
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Of flax we imported in 1864: — 


From Russia- - 
Prussia - 
Hamburg ... 
Schleswig and Holstein 
Holland ... 
Bremer ... 
Belgium ... 
France 

United? States 

Egypt - - 

Other parts - 


Computed value 


Drewd. Hou ghorU n. 



- £ 234,163 £ 4 , 385,040 £ 703,850 


FLAXSEED. See Linsekd. 

FLESH, JUICES OF. Utilization of Brine . (Dialysis.) Mr. Whitelaw, of 
Glasgow, has recently described the result of a patent process of his own, for utilis- 
ing the brine of salted meat When fresh meat, he says, had been sprinkled with 
salt a few days, it was found swimming in brine. Fresh meat contained more than 
three-fourths of its weight of water, which was retained in it as in a sponge. But 
flesh had not the power to retain brine to that extent and in similar circumstances it 
al>Rorbed only about half as much saturated brine as of water, so that under the 
action of salt, flesh allowed a portion of its water to flow out This expelled water, 
as might naturally be expected, was saturated with the soluble nutritive ingredients 
of the flesh; it was, in fact, juice of flesh— soup — with nil its valuable and restora- 
tive properties. In the large curing establishments of Glasgow very considerable 
quantities of this brine were produced, and thrown away as useless. This was the 
material to which Mr. Whitelaw has applied the process of dialysis, and he thought 
with success, for the removal of the salts of the brine, and for the production, at a 
cheap rate, of pure fresh extract of meat. His process he stated as follows : — 
The brine, after being filtered to free it from any particles of flesh or other mecha- 
nical impurities it might coutain, was then subjected to the operation of dialysis. 
The vessels or bags in which be conducted the operations which might be made of 
various materials and of many shapes, hut whatever might be their material or 
shape he called them “ diaiysers.” Such an apparatus as the following would be 
found to answer the purpose : — A square vat made of a framework of iron filled up 
with sheets of skin or parchment in such a way as to be water-tight and strengthened 
if necessary, by stays or straps of metal. The sides, ends, and bottom being com- 
posed of this soft dialysing material, exposed a great surface to the action of the 
water contained in an outer vat, in which the dialyser was placed. He found a 
series of ox bladders fitted with stop-cocks, or gutta percha mouth tubes, and plugs, 
and hung on rods stretching across and into vat$, of water, a very cheap and effec- 
tive arrangement lie could also employ skins of animals, either as open bags or 
closed, and fitted with stop-cocks, or bags of double cloths, with a layer of soft 
gelatine interspersed between them. Other arrangements would readily suggest 
themselves, and might be adopted according to the circumstances. But supposing 
the bladder arrangement were taken, which he thought would be practically the best ; 
being cheap,* easily managed, and exposing a great surface to the diolytic action, 
the bladders were filled with the filtered brine by means of fillers, and hung in 
rows on poles across, and suspended into vats of water. The water in those vats 
was renewed once a day or oftener if required, and he found that actually at the end 
of the third or fourth day, according to the sixe of the bladder employed, almost all 
the common salt and nitre of the brine had been removed, and that the liquid con- 
tained in thl bladders was pare juice of flesh, in a fresh and wholesome condition. 
The juice as obtained from the “ diaiysers ** might now be employed in making rich 
soups without any farther preparation, or it might be concentrated by evaporation to 
the state of solid extract of meat The liquid from the diaiysers might be treated in 
various ways. It might be evaporated in an enamelled vessel to a more or leu concen- 
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trated state, or to dryness, and in these various conditions packed in tins and jars for 
sale. It might be concentrated at a temperature of 120°, by meat* of a vacuum pan, 
or other suitable contrivance, so as to retain the albumen and other matters in a soluble 
form. Again, the more or less concentrated liquid might be used along with flour m 
the manufacture of meat biscuits. The products he had named were all highly nutri- 
tive, portable, and admirably adapted for the use of hospitals, for the army in the 
field, and for ship stores. The dialysis of brine might be conducted in salt water, so 
as to remove the greater portion of its salt and the process completed in a small 
quantity of fresh rain or other water. In this way, ships at sea might economise 
their brine and so restore to the meat in a great measure the nutritive power that it 
had lost in the process of salting. Thus, then, Mr. Whitelaw obtained an extract of 
flesh at a cheap rate, from a hitherto waste material. Two gallons of brine yielded 
one pound of solid extract containing the coagulated albumen and colouring matter. 

For the production of the same directly from meat, something like twenty pounds 
of lean beef would be required. The quantity of brine usually wasted was very 
great. He believed he was considerably under the truth when he said that in 
Glasgow alone 60,000 gallons were thrown away yearly. If they estimated one 
gallon as equal to seven pounds of meat in soup producing power, then this was 
equal to a yearly waste of 187 tons of meat without bone. Estimating the meat as 
worth sixpence a pound; this amounted to 10,4722. In this way the waste over the 
country must be very great. In the great American caring establishments the brine 
wasted must be something enormous, as he found that in eight of the Federal states 
4,000,000 were slaughtered and cured iu 1863. Mr. Whitelaw concluded by quoting 
from Gregory and Liebig as to the value and efficacy of extract of meat. 

Although some large experiments have been made, which have, in all cases, been 
most successful, it does not appear that this application of dialysis has yet become a 
practical application. 

FLINT (. Pierre a fusil. Fr. ; Feucrsirin , Ger.). A massive impure variety of 
silica, allied to chalcedony, and regarded as occupying a position intermediate 
between quarts and opal, since it consists, according to Fuchs, of an intimate mix- 
ture in varying proportions of the two forms of silica— the crystalline or insoluble, 
and the noncrystalline or soluble ; the latter being readily separated by solution of 
caustic potash. The colours of flint, which are usually various shades of grey, 
brown, or black, are entirely removed by calcination, the flint becoming white and 
opaque : whence the colour is commonly referred to the presence of organic matter, 
derived probably from the enclosed fossils. Although sufficiently hard to strike 
copious sparks with steel, flint is very easily broken, splitting with a flat conchoidal 
fracture, usually dull on the Burface. It is feebly translucent, has so fine and homo- 
geneous a texture as to bear polishing, but possesses little lustre. 

Flint is found chiefly in the form of nodular masses, of very irregular and fre- 
quently fantastic shapes; and of various sizes up to a foot in diameter. These 
masses occur embedded in calcareous, never in siliceous strata ; and are especially 
abundant in the upper beds of the chalk, which have hence been termed “ Chalk - 
with -flints.” Although occasionally arranged in layers running across the plane of 
bedding, as in the “ potstones ” of Norfolk ; yet as a role the nodules have a notable 
tendency to dispose themselves in lines parallel to the direction of the stratification ; 
occasionally they occur so close together as to unite, and thus form continuous hori- 
zontal bands or flat tabular masses. 

Externally the flint-nodules are usually coated with a white opaque crust, appa- 
rently calcareous ; whilst internally they are often hollow, the cavities sometimes 
containing pulverulent silica, cither pure or mixed with sulphur; and sometimes 
being lined with chalcedony, or with crystals of iron-pyrites or other minerals; 
whilst almost universally they enclose the remains of some marine organism, com- 
monly a Bponge. Indeed the study of the microscopic structure of flint has led Dr. 
Bowerbank to the conclusion that all flints, both nodular aud tabular, contain the 
remains of spongeoas tissue, which appears to have acted as a nucleus or centre of 
attraction around which the silica was deposited from solution. 

Flints when first quarried are exceedingly brittle, and are commonly humid when 
broken, but by exposure to the air they gradually acquire toughness : hence wheu 
used as road-material, they should never be laid down on immediate removal from 
the quaiTj. 

Flints calcined and ground to a powder enter into the composition of all kinds of 
fine pottery, and were formerly employed in the manufacture of the finer varieties of 
glas^,henoe tenoned “ flint-glass.” 

An important application of this siliceous substance was in the formation of gun- 
flints, for which purpose it was cut in a peculiar manner. The following characters 
distinguish good flint nodules from such as are less fit for being manufactured. The 
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best are somewhat ronvex, approaching to globular ; those which are very irregular, 
knobbed, branched, and tuberose, are generally full of imperfection. Good nodules 
seldom weigh more than 80 pounds ; when less than 2, they are not worth the working. 
They should have a greasy lustre, and be particularly smooth and fine grained. The 
colour may wary from honey yellow to blackish-brown, but it should be uniform 
tliroughout the lump, and the translucency should be so great as to render letters legible 
through a slice about one-fiftieth of an inch thick, laid down upon the paper. The frac- 
ture should be perfectly smooth, uniform, and slightly conchoidal ; the list property 
being essential to the cutting out of perfect gun-flints. Although flint locks are now 
but rarely employed, the process of cutting the flints to shape possesses much interest. 

Four tools are employed by the gun-flint makers. 

First, a hammer or mace of iron with a square head, from 1 to 2 pounds weight, with 
a handle 7 or 8 inches long. The tool is not made of steel, because so hard a metal 
would render the strokes too harsh, or dry, us the workmen say, and would shatter 
the nodules irregularly, instead of cutting them with a clean conchoidal fracture. 

Second, a hammer with 2 points, made of good steel well hardened, and»weighv£g 
from 10 to 16 ounces, with a handle 7 inches long passing through it in such a way 
that the points of the hammer are nearer the hand of the workman than the ceutrc of 
gravity of the mass. 

Third, the disc hammer or roller, a small solid wheel or flat segment of a cylinder, 
parallel to its base, only two inches and a third in diameter, and not more than 12 
ounces in weight It is formed of steel not hardened, and is fixed upon a handle 
6 inches long, which passes through a square hole in its centre. 

Fourth, a chisel tapering and bevelled at both extremities, 7 or 8 inches long, and 2 
inches broad, made of steel not hardened ; this is set on a block of wood, which serves 
also for a bench to the workmen. To these 4 tools a file must be added, for the pur- 
pose of restoring the edge of the chisel from time to time. 

After selecting a good mass of flint, the workman executes the four following 
operations on it. 

1. He breaks the black. Being seated upon the ground, he places the nodule of flint 
on his left thigh, and applies slight strokes with the square hammer to divide it into 
smaller pieces of about a pound and a half each, with broad surfaces and almost even 
fractures. The blows should be moderate, lest the lump crack and split in the wrong 
direction. 

2. He cleaves or chips the flint. The principal point is to split the flint well, or to 
chip off scales of the length, thickness, and shape adapted for the subsequent formation 
of gun flints. Here the greatest dexterity and steadiness of manipulation are necessary ; 
but the fracture of the flint is not restricted to any particular direction, for it may be 
chipped in all parts with equal facility. 

The workman holds the lamp of flint in his left hand, and strikes with the pointed 
hammer upon the edges of the great planes produced by the first breaking, whereby 
the white coating of the flint is removed in small scales, and the interior body of the 
flint is laid bare ; after which he continues to detach similar scaly portions from the 
clean mass. 

These scaly portions are nearly an inch and a half broad, two inches and a half 
long, and about one-sixth of an inch thick in the middle. They are slightly convex 
below, and consequently leave in the part of the lump from which they were separated 
a space slightly concave, longitudinally bordered by two somewhat projecting straight 
lines or ridges. The ridges produced by the separation of the first scales must naturally 
constitute nearly the middle of the subsequent pieces; and Buch scales ulone as have 
their ridges thus placed in the middle are fit to be made into gun-flints. In this 
manner the workman continues to split or chip the mass of flint in various directions, 
until tiie defects usually found in the interior render it impossible to make the requi- 
site fractures, or until the piece is too much reduced to sustain the smart blows by 
which the flint is divided. 

3. He fashions the gun flints. Five different parts may be distinguished in a gun- 

flint 1. The sloping facet or bevel part, which is impelled againBt the hammer of 
the lock. Its thickness should be from two to three twelfths of an inch ; for if it 
were thicker it would be too liable to break ; and if more obtuse, the scintillations 
would be less vivid. 2. The sides or lateral edges, which are always somewhat 
irregular. 3. 'fhe back or thick part opposite the tapering edge. 4. The under 
surface, which is smooth and rather concave. And, 5. The upper free, which lias a 
■mall square plane between the tapering edge and the back, for entering into^he 
upper claw of the clock. ' 

In order to fashion the flint, those scales are selected which have at least one of the 
above-mentioned longitudinal ridges ; the workman fixes on one of the two tapering 
borders to form the striking edge, after which the two Bides of the stone that are to form 
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the lateral edges, as well as the part that is to form the back, are successively placed 
on the edge of the chisel in such a manner that the convex surface of the flint, which 
rests on the forefinger of the left hand, is turned towards that tool. Then with the 
disc hammer he applies some slight strokes to the flint just opposite the edge of the 
chisel underneath, and thereby breaks it exactly along the edge of the chisel. 

4. The finishing operation is the trimming , or the process of giving the flint a smooth 
and equal edge ; this is done by turning up the stone and placing the edge of its 
tapering enL upon the chisel, in which position it is completed by five or six slight 
strokes of the disc hammer. The whole operation of making a gun-flint, which I 
have used so many words to describe, is performed in less than one minute. A good 
workman is able to manufacture 1,000 good chips or scales in a day (if the flint balls 
be of good quality); or 500 gun-flints. Hence, in the space of three days, he can 
easily cleave and finish 1,000 gun-flints without any assistance. 

Flints form excellent building materials ; because they give a firm hold to the mortar 
by their irregularly rough surfaces, and resist, by their nature, every vicissitude of 
weather.. The counties of Kent, Essex, Suffolk, and Norfolk, contain many sub- 
stantial specimens of flint-masonry. 

The facility with which flint, in spite of its hardness, may, with sufficient practice, 
be fractured in almost any given direction, yielding fragments with a sharp catting 
edge, has led to its employment as the commonest material of those rude stone im- 
plements which have in all ages been fashioned by savage tribes ignorant of the use 
of metal. The antiquary has long been familiar with the occurrence of such imple- 
ments in tnmuli or ancient burial-mounds ; and of late years they have also been 
found in the Pfahlbauten or pile-dwellings in the Swiss lakes ; in tlic Kjokkenmc'xi- 
dings or Danish shell-mounds ; in bone-caverns, and elsewhere. The worked-flints 
found in these sitoations are referred to an early prc-liistoric period known to 
archaeologists as the “ stone-age ; ” a period apparently anterior to the knowledge of 
any metal, excepting gold. Although commonly of flint, the implements of this 
period are by no means exclusively bo ; blood -stone, jade, porphyry, and indeed any 
stone sufficiently hard, having been also employed. In form they present consider- 
able variety, comprising axes or celts, knives, scrapers, sling- stones, spear-heads, 
arrow-heads, and the like ; many of them, especially the celts, being wrought into 
highly-finished forms, and even ground and polished to a cutting edge. 

Of a far higher antiquity and of a much ruder type than any of these polished 
relics of the stone age are those primitive flint implements which within the last few 
years have been found in deposits of drift-gravel, lrequently at considerable depths 
and, in many caseB, associated with the remains of extinct mammalia, discoveries 
which have excited an intense interest from their bearing upon the much-vexed 
question of the antiquity of the human race. To these early flint implements atten- 
tion was first directed by M. Boucher de Perthes, a French antiquary, who had from 
time to time discovered them in the gravel-pits in the valley of the Somme, chiefly in 
the neighbourhood of Amiens and of Abbeville. Although the first discovery was 
made as early as 1841, the subject attracted but little notice until the year 1859, 
when the locality was visited, and the instruments and their mode of occurrence 
described by Messrs. Prestwich and Evans. The deposits in which these worked- 
flints are found consist of stratified sands and gravels, often of considerable thick- 
ness, resting upon an eroded surface of chalk, and referred by geologists to the 
pleistocene or post-pliocene period; a time when the climate of Northern Europe 
was considerably colder than at present, and when these latitudes were inhabited by 
the mammoth, the woolly rhi.ioccios, the cave-bear, and other mammalia now 
extinct The flint implements have been found chiefly in the lower beds of these 
drift deposits, immediately overlying the chalk, and frequently beneath a thickness 
of more than twenty feet of undisturbed sand, brick-earth, &c., containing shells in 
some places marine, in others land and freshwater, together with the bones and teeth 
of certain extinct mammalia, but never with the remains of man. It should be 
especially remarked that these drift implements, unlike those of the more recent 
stone-age, are formed exclusively of flint, and that they never exhibit the slightest 
trace of having been either ground or polished. The form of these implements is 
moreover (juite characteristic. But although of an extremely rude type, they bear 
quite sufficient evidence of design to verify them as the results of human workman- 
ship ; whilst; on the other hand, their extreme antiquity is attested not only by the 
position in which they occur, but also by the glossy varnish-like character of their 
surface, totally nnlike that of recently-fractured flint The possibility of their 
hitting been modem forgeries is further precluded by the fact that many of them are 
coated with a calcareous incrustation, and that they occasionally exhibit on the surface 
dendritic markings produced by the slow action of the oxides of manganese and iron. 
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Since these discoveries have been mode in the valley of the Somme, flint-hatchets 
of the drift-type have been recognised in several localities in this country. 

FLINT GLASS. See Glass. 

FLINTY SLATE. A very silicions black schist, often containing 75 per cent, 
of silica. It is used as a 41 touchstone 99 for testing gold, by a comparison of the 
colour of the streak made by the metal. See Assay. 

• FLITTERN BARK. The bark of young oak trees, which is distinguished from 
mpjrice bark by its superior quality, and also from the bark of old oak tr&s, known as 
Timber hark. Flittern bark is much used by the tanner. 

FLOCK and FLOCKS. The first is finely powdered wool, used when dyed of 
various colours to prepare paper hangings. 

The second is a name given to the refuse or waste of cotton and wool, and is used 
for stuffing mattresses. 

FLOCK PARER. Paper prepared for walls by being sised in the first instance, 
either over the whole surface or over special parts, constituting the pattern only, and 
then powdering over it flock or powdered wool which bad been previouslyrflyed. ** 

FLOOKAN or FLUKAN. The name given by the Cornish miners to veins 
filled wholly with clay. This is usually applied to such veins or lodes as are at 
right angles, or nearly so, to the true metalliferous lodes. 

FLOOR CLOTH MANUFACTURE lias become of late yean a very large 
branch of trade. The cloth is a strong somewhat open canvas, woven of flax with a 
little hemp, and from 6 to 8 yards wide, being manufactured in appropriate looms, 
chiefly at Dundee. A piece of this canvas, from GO to 100 feet in length, is secured 
tight in an upright open frame of oaken bars, in which position it is brushed over 
with glue sixe, and rubbed smooth with pumice stones ; it next receives the founda- 
tion coats of paint, 2 or 3 in number, first on the back side, and then on the front. 
The foundation paint, made with linseed oil and ochre, or auy cheap colouring matter, 
is too thick to be applied by the brush, and is therefore spread evenly by a long narrow 
trowel, held in the right hand, from a patch of it laid on just before with a brush in the 
left hand of the workman. Each foundation coat of the front surface is smoothed by 
pumice stone whenever it is hard enough to bear the operation. When both sides are 
dry, the painted cloth is detached fro. a the frame, coiled round a roller, and in this 
state transferred to the printing room, where it is spreud flat on a table, and variously 
figured and coloured devices are given to it by wooden blocks, exactly as in the block 
priuting of calicoes or papers. The blocks of the floor cloth manufacture are formed 
of two Layers of white deal and one of pear tree timber, placed with their grain cross- 
ing one another alternately. There is a block for each colour in the pattern, and in each 
block those parts are cut away that correspond to the impressions given by the others ; 
a practice now well understood in the printing of two or more colours by the press. 
The faces of the blocks are so indented with fine lines, that they do not take np the 
paint in a heavy daub from the flat cushion on which it is spread with a brush, but in 
minute dots, so as to lay on the paint (somewhat thicker than that of the house 
painter) in a congeries of little dots or teeth, with minnte interstices between. Ap- 
plied in this way, the various pigments lie more evenly, are more sightly, and dry 
much sooner than if the prominent part of the block which takes up the colour were 
a smooth surface. The best kindB of floor cloth require from two to three months 
for their production. 

From the use of the sulphate of barytes with the white lead, sometimes to the 
extent of 75 per cent, of the former, not merely in the foundation paint, but in the 
Subsequent colours with which the canvas is painted, there is a very general com- 
plaint that the floor cloths for halls, &c., where* they are necessarily exposed to 
washing, very soon lose their colours and become bare, the barytes washing out, and, 
t.f course, removing at the same time the lead and other colours. The same princi- 
ple in colouring floor-cloth is now applied to paper, and is carried on to a very large 
extent at Egham under the patent of Mr. Walton. The oil is there first dried or 
oxydised, then dissolved in naphtha with the colouring ; as the naphtha dries the paper 
is ready for use. See Oxidized Oil ; White Lead. 

FLORAN. A mining term; tin ore scarcely perceptible in the stone; tin ore 
stamped very sinulL — J\t/ce. 

FLOSS, of the puddling furnace, is the fluid glass floating upon the iron produced 
by the vitrification of the oxides and earths which are present. See Iron. 

FLOSS-SILK. ( Filoselle , Bourre tie awe, , F/euret , Fr.) is the name given to the 
portions of ravelled silk broken off in the filature of the cocoons, which is corded 
like cotton or wool, and span into a soft coarse yarn or thread, for making bands, 
shawls, socks, and other common silk fabrics. The floss or fleuret, as first obtained, 
must be steeped in water, and then subjected to pressure, in order to extract the 
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gammy matter which renders it too harsh and short for the spinning wheel. After 
being dried it is made still more pliant by working a little oil into it with the hands. 
It is now ready to be submitted to the carding engine, and it is span upon the flux 
wheel 

The female peasants of Lombardy generally wear clothes of homespun floss silk. 
Of late yean, by improved processes, fine fabrics of this material have been 
produced, both in England and France. M. Ajac, of Lyons, manufactures a 
variety of scarfs and square shawls of hot urre de « vie, closely resembling those of 
cachemire, 

FLOTSAM. See Jetsam. 

FLOUR. The finely ground meal of wheat, and of any other corns or cerealia. 
See Bread. 

Since the analysis of grain represents the total chemical constituents of the flour, 
and the cell in which it is contained, a few analyses from the researches of Way and 
Ogston are given : — 



Wheat. 

B ABLET. 

ITopetim. 

Red Straw. 

Old Red 
Lammas. 



Moldavia. 

Potassa - 

_ 

30'32 

29-75 

32-46 

27-43 

21-14 

81-55 

Soda 

. 


0-64 

4-53 

0*05 

- - 

1-06 

Lime 

- 

2‘51 

3-27 

3-21 

2 79 

1-65 

1-21 

Magnesia 

- 

12-38 

13-75 

9-56 

8-67 

7-26 

10*17 

Sesquioxide of iron 

- 

0*08 

0-23 

2-06 

0-09 

2-13 


Sulphuric acid 

- 

0*18 

0-60 

0-32 

2-72 

1-91 


Silica 

- 

3’60 

2‘14 

5’46 

23-60 

30-68 


Phosphoric acid 

- 

49-22 

49-58 

40-57 

2601 


Kittl 


The produce of one quarter of wheat weighing 504 lbs. is, according to Mr. Hard of 


Hartford— 

Flour 392 lbs. 

Biscuit or fine middlings - - - 10 

Toppings or specks ----- 8 

Best pollard 15 

Fine pollard 18 

Bran and coarse pollard - - - - 50 

IjOSS 11 

504 lbs. 


Vauquelin has given the following as the results of his examination of wheat 
flour : — 


1 

French. 

Odessa 

hard. 

Odessa 

soft. 

Paris flour. 

Inferior 

flour. 

Starch - 



. 

_ 

71*49 

56*5 

6200 

72-8 

67-78 

Gluten - 


- 

- 

- 

10-96 

14-55 

1200 

10-2 

9-02 

Sugar - 


- 

- 

- 

4-72 

8*48 

7*56 

4-2 

4*80 

Gum - 


- 

- 

- 

3-82 

4-90 

5-80 

2-8 

4*60 

Bran - 


- 

- 

« f 

- . 

2-30 

1-20 



Water - 


■ 

■ 

* 

10-00 

12-00 

10-00 

10‘0 

12-00 


Adulteration a of, to detect — The first method is by specific gravity. If potato flour 
be added, which is frequently done in France, since a vessel which contains one 
pound of wheat flour will contain one pound and a half of the fecula, e proportion of 
this adulteration may be easily estimated. If gypsum or ground bones be mixed with 
the flour, they will not only increase its density still more ; but they will remain after 
burning away the meal as ashes. 

The second method is by ascertaining the quantity of gluten whiqh the suspected 
sample will afford, see the article Bread. The two following chemical criteria may 
also be employed. . J 

If t. Nitric acid has the property of colouring wheat flour of a fine orange yellow 
wlfereas it affects the colour neither of fecula nor starch. f 

2nd. Muriatic acid colours good wheat flour of a deep violet, but dissolves fecula 
or starch, and forms with it a light and colourless viscous fluid, decomposable bv 
alkalies. • J 
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Sulphate of iron renders an infosion of pure floor somewhat yellow, and imparts a 
bottle green to that Vhich is adulterated with bean meal. — - (Lassaigne.) Nitnc acid 
and ammonia poured successively on good floor shows nothing remarkable ; bat bean 
meal strikes a deep red colour. — (Danny.) 

The amount of ash left by the flour has been proposed by Louyet as a test of its 
purity. He says, “ Wheat flour yields on the average 0*8 per cent ; rye flour, 1-0 ; 
bean and pea meal, 3 ; linseed meal, 10 per cent of ash." 

FLOWERS. The name formerly given to those substances which wer^.obtained by 
sublimation ; as the flowers of sulphur, the flowers of Benjamin, &c. 

FLOWERS, ARTIFICIAL, MANUFACTURE OF. The art of representing 
by flowers, leaves, plants, &c., vegetable nature in her ornamental productions, consti- 
tutes the business of the artificial florist The Italians appear to have been the first 
people in Europe who excelled in the art of making artificial flowers ; but of late 
years the French have been most ingenious in this branch of industry. 

Ribbons folded in different forms and of different colours were originally employed 
for imitating flowers, by being attached to wire stems. This imitation soon gave vjpy 
to that by feathers, which are more delicate in texture, and more capable of assuming a 
variety of flower-like figures. But a great difficulty was encountered in dyeing them 
with due vivacity. The savages of South America manufacture perfect feather flowers, 
derived from the brilliant plumage of their birds, which closely resemble the products 
of vegetation. The blossoms and leaves are admirable, while the colours never fade. 

The Italians employ frequently the cocoons of the silk- worm for this purpose ; these 
take a brilliant dye, preserve their colour, and possess a transparent velvety appearance, 
suitable for petals. Of late years, the French have adopted the finest cambric for 
making petals, and the taffeta of Florence for the leaves. M. de Bernardiere employs 
whalebone in very thin leaves for artificial flowers ; and by bleaching and dyeing them 
of various hues, he has succeeded in making his imitations of nature to be very re- 
markable. 

Gutta percha dissolved in benzole, and freed from all impurities, will when spread 
out on a sheet of glass dry into a beautifully white and delicate film, of great strength, 
and capable of receiving any colour. This has been employed in Paris in the manu- 
facture of flowers. Vegetable parchment (paper prepared by the action of sulphuric 
acid) has been employed for the same purpose in this country. See Vegetable 
Parchment. 

The colouring matters used in flower dyeing are the following : — 

For red; carmine dissolved in a solution of carbonate of potash. 

For blue ; indigo dissolved in sulphuric acid, diluted and neutralised in part by 
Spanish whitening. 

For bright yellow ; a solution of turmeric in spirit of wine. Cream of tartar 
brightens all these colours. 

For violet ; archil, and a blue bath. For lilac ; archil. 

The aniline colours are now largely used. 

Some petals are made of velvet, and are coloured merely by the application of the 
finger dipped in the dye. 

Of artificial flowers, we imported from France and other parts, in 1864, to the 
value of 307,798 L m 

FLU AXES. A term formerly applied to the compounds now called fluorides, on 
the supposition that they contained fluoric acid. When, however, the true constitu- 
tion of this acid, as a hydrogen compound, was determined, it became evident that 
the substances called flaates must belong to the class of so-called haloid salts, and 
consist therefore of the element fluorine united directly with a metal : whence they 
are properly termed fluoridea. Thus, fluor spar, formerly known as fluate of lime, is, 
according to the new nomenclature, a fluoride of calcium ; containing : — fluorine, 
48*7 ; calcium, 51'3. ' 

It may be remarked that fluorine has a strong tendency to form double salts, 
many of which occur native. Thus, the minerals called cryolite and chiolite are 
doable fluoride! of sodium and aluminum ; the former containing : — fluorine, 54*2 ; 
sodium, 32*8; aluminum, 13*0: whilst the latter is composed of fluorine, 57*53; 
sodium, 23*78 ; aluminum, 18*69. 

FLUE CINDER. The cinder from the reheating furnace. See Iron Manu- 
facture. * 

FLU ELL IT E is fluorine and aluminum, a rare mineral found at Stennagwyne in 
Cornwall. 

FLUKES. See Anchor. 

FLUORESCENCE, the name given to a peculiar phenomenon rendered eviw.u, 
by many crystals of flnor spar. If we look through a crystal of fluor spar it will 
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appear yellow or 'green as the case may be ; now, if we look at it, the light falling 
upon the surface upon which we look, it will appear beantftilly blue or purple. 
Mr. Stokes, to whom we are indebted for a very exact examination of the. whole of 
the phenomena of this class, refers this effect to an alteration of the refraction of the 
ray by the first surface upon which it falls. Sir John Herschel first drew attention 
to this peculiar condition as exhibited in a solution of sulphate of quinine in water 
slightly acidulated with sulphuric acid. Here we have a perfectly colourless solution 
when we look through it, which sends back to the eye fine blue rays when we look 
at the surface on which the solar rays fall. Sir John Herschel referred this to 
epipolic dispersion, or dispersion from the first surface of the fluid on which the light 
fell. There are many substances which appear to possess this property of altering 
the refraction of rays, or are fluorescent. Beyond this brief explanation, we cannot 
afford space in this dictionary to deal with the subject. We must refer those 
interested to the Philosophical Transactions , in which Mr. Stokes's communications 
appeared. 1 

.FLUORINE. The elementary base of hydrofluoric acid, which has never yet 
been Isolated. 

The power of liberating a principle from fluor spar which would etch glass was 
known as far back as 1670; Schcele, in 1771, examined hydrofluoric acid, and 
regarded it as an oxygen compound with an unknown element. Ampere, in 1810, 
determined that hydrofluoric acid was a compound of hydrogen and fluorine. 

Fluorine combines with most of the metals, and with hydrogen, boron, silicon, 
sulphur, and phosphorus ; with chlorine, bromine, iodine, and oxygen it exhibits no 
tendency to unite. It has recently been suggested to employ hydrofluoric acid in the 
purification of beet- root sugar; the alkalies present in the juice being effectually 
removed by the acid, while the organic matter remains unaffected. 

Symbol, F ; equivalent 19. 

FLUOR SPAR. ( Chauxjluatse , Fr. ; Fluss-Spath , Germ.) This mineral often 
exhibits a variety of vivid colours. It crystallises in the cubic (monometric) system, 
with regular octahedral and tetrahedral cleavages; spec. grav. 8*14 to 3*19 ; H=4*0 ; 
scratches calc spar, but is scratched by a steel point ; usually phosphorescent with 
heat; at the blowpipe decrepitates and fuses into an opaque bead; acted on by the 
acids with disengagement of a vapour which corrodes gloss ; its solution affords pre- 
cipitates with the oxalates, but not with ammonia. Its constituents are, fluorine^ 
48*7 ; calcium, 51*13 in 100. 

Fluor spar occurs subordinate to metallic veins ; as to those of lead, in Derbyshire 
and Cumberland ; of lead and copper, in Cornwall, and in Saxony and Bohemia ; 
but it is found also in masses or veins, either in crystalline rocks, associated with 
quarts, barytes, &c., as in Auvergne, Fores, Vosges, Norbcrgin Sweden; Norway; 
Petersburg ; Gonrock, in Scotland, &c. ; or among limestones, slates, and sandstones, 
in Derbyshire, Cumberland, Cornwall, and New Jersey. It exists also in the 
omygdaloids of Scotland, and in the volcanic products of Monte Somma at Vesuvius. 
The. variously coloured specimens, called Derbyshire spar, are worked upon the 
turning lathe into vases and other ornamental objects. 

A very beautiful variety, which has been much used for ornamental purposes, 
known from its colour as “ Blue John,” has been obtained from Tray Cliff near 
Castleton, Derbyshire. The beautiful colour of the natural fluor lias been success- 
fully imitated by exposing some of the common varieties to heat. 

Fluor spar is employed to a considerable extent in the production of hydrofluoric 
acid and for etching on glass. It is also used by lead smelters as a flux. The beautiful 
phenomenon of fluorescence is so jiamed from the fact that many of the fluor 6pars 
have the power in a high degree of thus affecting the rays of light. See Fluo- 
bescence. 

FLUV1 ATILE (, fluvim , a river), belonging to a river. 

FLUX (Eng. and Fr. ; Fluss, Germ.) signifies any substance capable of promoting 
the fusion of earths or metallic ores by heat. White flux is the residuum of the defla- 
gration, in a red hot crucible, of a mixture of two pans of nitre and hue of cream of 
tartar. It is in fact merely a carbonate of potash. Black flux is obtained when equal 
parts of nitre and tartar are deflagrated. It owes its colour to the carbonaceous matter 
of the tartaric acid, which remains un consumed ; the quantity of nitre being too small 
for that purpose. The presence of the charcoal renders this preparation a convenient 
flax for reducing calcined or oxidised ores to the metallic state. Limestone, fluor spar, 
borax, and several earthy or metallic oxides, are employed as fluxes *ln metallurgy. 
Sc/Metaixubot. 

FLY POWDER. Under this name they sell on the continent the. black coloured 
powder obtained by the spontaneous oxidisement of metallic arsenic in the air. Va- 
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rious preparations of white arsenic are used for the same purpose in this country. 
King's yellow is muqji used ; it should be made by boiling together sulphur, liuu*, 
and white arsenic, but much that is sold is merely arsenic and sulphur mixed. 

Objecting on principle to the familiar use of arsenic and dangerous substances, 
a preference may be given to a substitute for the above, made by boiling quassia chips 
into a strong decoction and sweetening with loaf sugar. This seems to have deadly 
power over the flies, who can scarcely quit the liquid without imbibing a deadly 
potion, and they are seen to full from the ceilings and walls of the rooms soon after- 
wards. Many of these compounds for killing flies are supposed by their odour to 
attract flies into the rooms. 

The inconvenience to manufacturers and others from flies, may be obviated in many 
cases where apartments are required to be kept as free as possible from them, by re- 
ference to facts recorded by Herodotus, of fishermen surrounding themselves with 
their nets to keep off the gnats. We are indebted to William Spence, Esq. F.U.S., for 
some very curious particulars respecting the common house fly communicated in a 
paper to the Entomological Society. The common house fly, will not in general 
pass through the meshes of a net The inhabitants of Florence and othei*parbrt>f 
Italy are aware of thia fact, and protect their apartments by hanging network up at 
the windows, thus at all times the doors and windows may be kept wide open by hang- 
ing a light network over the aperture ; the meshes may be* of considerable width, 
say enough for several flies on the wing to pass through, and no fly will attempt to pass, 
unless there be a strong light (another window opposite, or reflection from a looking- 
glass). A knowledge of this simple means of protection from flies on the wing may 
prevent inconvenience from these intruders, and obviate the necessity for poisons to 
destroy them. — T. J. P. 

FODDER, is the name of a weight by which lead and some other metals were sold 
in this countiy ; but it is now rarely used. It varied iu its amount in different parts 
of the kingdom, being 19 J cwts. at II nil ; 21 cwts. at Newcastle ; 22 cwts. at Stockton ; 
24 cwts. in Derbyshire. 

FOILS. Thin sheet copper Bilvered and burnished, and afterwards coated with trans- 
parent colours mixed with isinglass, employed by jewellers to improve the brilliancy 
of pastes and inferior stones. The foil is inclosed in the setting, and entirely covers 
the back of the stone, to which it imparts mnch of its own brilliancy. 

FOILS. Thin leaves of metal, usually alloys, of various colours, employed prin- 
cipally for heightening the brilliancy of artificial gems. 

FOND US, is the name given by the French to a particular style of calico printing 
resembling the rainbow, in which the colours are graduated or melted ( fondu * ) into 
one another, as in the prismatic spectrum. See Calico Printing for a description 
of the process. 

FOOD. Sec Nutrition. 

FOOT WALL, a mining term. 

The “ wall” or side of the rock 
under the mineral vein : it is as 
commonly called the underlaying 
wall 

FOOTWAY, a mining term. 

The ladders by which the miners 
descend and ascend. 

FORGE (Eng. and Fr.; Feuer , 

Geim.) is the name either of the 
furnace, where wrought iron is 
hammered and fashioned with the 
aid of heat, or the great workshop 
where iron » made malleable. 

The former is called a smith's 
forge, the latter a shingling mill. 

See Iron. * 

Fig . 867 represents a port- 
able truck forge of a very com- 
modious construction, a is 
the cylindric leather bellows, 
pressed down by a helical 
spring, and forked by meanB 
of the handle at n, which moves 
the horixontal shaft c, with 
its two attaehed semicircular 
levers and chains, d is the pipe which conducts (he blast to the noule at E. 
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The hearth may be covered with a thin fire-tile or with cinders, r is a. vice 
fixed to the strong rectangular frame. This apparatus answers all the ordinary 
purposes of a smith’s forge ; and is peculiarly adapted to ships, and to the execution 
of engineering jobs upon railways, or in the country. The height is 2 feet 6 inches ; 
the length is 2 feet 9 inches ; the width. 2 feet ; weight about 2 cwt. 

Holtzapffel describes another portable' forge of his own construction, possessing 
many advantages. 

'With the manipulations of the forge, it is not the province of this work to deal. 
FORK, & mining term . A mine is said to be “ in fork," or an engine to have the 
11 water in fork," when all the water is drawn out 
FORMATION. A geological term, which is used to signify a group of rocks, 
referred to a common origin, or belonging to the same period. 

FORMIATES. Compounds with formic acid. See Watt’s “Dictionary of 
Chemistry.” 

FORMIC ACID. (Avide formigne , Fr. ; Ameixcns&ure, Germ.) The acid which 
exists in the bodies of ants, associated with malic acid. 

* u Fonn3 acid was obtained artificially, originally by Fisher of Leeds in 1670, and 
subsequently by Dr. Hulse, by distilling red ants. 

It may be prepared by boiling 1 part of starch with 4 of sulphuric acid, and 4 of 
water, allowing the liquor to cool, and adding gradually 4 parts of the black oxide 
of manganese and distilling. For the reactions which take place see Watt’s “ Dictionary 
of Chemistry.” ItB formula is C s HO a HO. It is a clear colourless fluid, which 
crystallises below 82° into brilliant plates. 

FORMULAS, CHEMICAL. The arrangement of symbolic letters so as to repre- 
sent the composition of any substance is called a chemical formula. Two kinds of 
formulas are employed by chemists : Empirical formula, which give the result 
immediately from an exact analysis, and are invariable, and Ratimua formula, which 
express the view entertained respecting the constitution of a substance beyond the 
result of analysis merely. 

Empirical formula merely express the result of analysis in symbols of the 
elementary bodies, and in terms of the values which they represent The substance 
having been accurately analysed, the atomic weights of the elements are determined. 
These formula are expressed in letters and figures, as 1IO or (11*0) water, NH 9 or 
(NH a ) ammonia. (See Equivalent, Chemical, for an explanation of the different 
values assigned to H in these two formula.) 

national formula . A rational formula is supposed to amount to a complete 
statement of the chemical constitution, analysis, and relations of the body which 
it represents : the simplest of such formula being an expression of some- 
thing more than the direct result of experiment. See Watt’s “Dictionary of 
Chemistry.” 

FORMYLE. The hypothetical base of formic acid. 

FOSSIL. (FoMsilie, anything dug from the earth.) Formerly all minerals were called 
fossils, but the word is now restricted to express the remains of animals and plants 
found buried in the earth. 

FOSSIL IVORY. The bones and tuslcs of elephants and mammoths arc found in 
cistern Siberia, and along the shores of the Arctic sea, in great abundance. The tusks 
are collected for sale, but ore much less valuable than the recent ivory. 

FOUNDING, FOUNDRY. In foundries attached to blast-furnaces, where from 
20 to 30 tons of iron are made per diem, the moulds are generally mere troughs cut 
in the sand, into which the melted metal flows and cools in contact with the air. The 
surfkces of the castings made in thjp manner present appearances which vary according 
to the* quality of the iron. 

The kinds of iron adapted for founding purposes are those which are most fluid when 
melted, and which contain most carbon, and are called Nos. 1 and 2. They are dis- 
tinguished by the surface of the pig of iron, which was exposed to the air during 
cooling, being smooth, and presenting a slightly convex figure. The surfaces of Nos. 
3 and 4 pig-iron, and of the white crystalline pig-iron (most suitable Tor making into 
wrought iron) present a concave figure, and the surfkces are very irregular and pitted 
with holes. The colour of tbc fracture, and the closeness of the grain, also indicate 
the proportion of carbon in pig-iron. 

The mixtures of metal, melting temperatures of metal, &c., require the closest 
observation on the part of the workmen and foremen who practice iron founding, and 
these mechanics are in the practice of observing differences so miffhte that they 
caiKiot be appreciated by the chemist, or expressed in words. 

Machinery has enabled file modern founder, by means of railways, turn-tables, 
travelling-cranes, and steam-power, to move at will the heaviest masses without con- 
fusion and with great expedition ; but nothing but the traditions of the factory, and 
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the constant habit of observation will enable him to conduct properly the melting and 
casting of metal to s% to arrive at certain results. 

This is proved by the constant failures of those who undertake to make descriptions 
of castings, of which they have had no previous knowledge. 

Each branch of foundry work must be studied in detail, and we can only pretend 
to indicate those directions in which progress has been and is being made. 

Foundry. — The process of iron smelting and the construction of furnaces having 
been described under other heads, the remaining part of the business of a foundry, vis., 
that which relates to the preparation of the moulds and moulding, will now be described. 

Moulding . — The art of moulding is one of the most important processes carried on 
in a foundry, and the success of the founder is directly proportioned to the skill and in- 
genuity brought to bear upon the production of the patterns and the system of moulding. 

Before metals can be cast into the variety of shapes in which they are wanted, 
patterns must be prepared of wood or metal, and then moulds constructed of some 
sufficiently infusible material capable of receiving the fluid metal, and retaining it 
without uniting with it until it has solidified. m 

A mixture of sand and loam (packed tightly into metal boxes, called flasks) is 
generally chosen as the material for making moulds, and is employed advantageously 
for several important reasons. 

Flanks . — In modern foundries a system has been invented, *by which flasks of any 
dimensions may be constructed by means of bolting together a number of rectangular 
frames of cast-iron, so arranged as to admit of being easily connected together. 

When the particular castings for which the flask has been constructed, or rather 
compounded, are completed, the separate pieces are unbolted, and are ready to be 
combined in some new form appropriate to the dimensions of the pattern next to be 
moulded in them. 

The loss of capital, &e., invested in flasks, only occasionally used, is thus saved, as 
well as loss of time in searching for the sixe required. The space devoted, on the old 
system, to the reception of flasks belonging to a foundry was very large, and this 
may now be appropriated to other purposes. 

Sand and loam . — Founders formerly used, on account of price, the description 
of sand most accessible to them, but at the present time, the convenience and cheap- 
ness of railway carriage has enabled special qualities of sand to be delivered to all 
parts of England. 

For founding purposes sand is much improved by the admixtnre of coke, crushed 
and reduced to a fine powder, and a mill for this purpose is as necessary in every 
lurge foundry as those for grinding and mixing loam. 

Moulding sand must be a mixture of a large quantity of silex and a small quantity 
of alnmina — the property of the latter material being to cement the grains of silex 
together. Loam consists of the same materials mingled in opposite proportions. 

The preparation of loam for those purposes for which sand is not adapted, is an 
important duty in a foundry, for a great quantity of loam cores have to he made and 
dried in proper ovens, which is a tedious operation. 

Many castings, such as the screws for steamers, are more conveniently cast in 
moulds constructed of wet loam. These are shaped to the required form when the 
clay is moist, and then carefully dried afterwards. 

Other castings are of such peculiar shapes that they can only be produced in 
moulds that take in a vast number of pieces. These moulds are then formed of a 
number of pieces of hardened sand, held together by strips of iron or of plaster, if 
the sand used is not coherent enough of itself. 

Compounds of silex and alumina are very infusible, and when moistened with water 
and faced with carbonaceous matter, they are capable of receiving the most delicate 
impressions from the patterns which the founder employs. 

Grains of sand arc so irregular in shape themselves that they leave innumerable 
irregular spaces between them, and these intervals form a net work of channels 
which permit the rapid escape of the gases, which gre so violently generated by the 
contact of hot nfetal falling upon wet sand. 

Machine Canting*. — Every year, engineers order castings to be prepared of more 
difficult and complicated forms, and with greater perfection of surface theu they have 
required before. 

The reason oS this is, that with the progress of the mechanical arts larger and 
stronger machines arc continually being introduced. In these machines greater 
steadiness of d&st-iron frame work is necessary, than can conveniently be obtained 
when the frame is made out of a number of pieces of iron cast separately and tlnn 
bolted together. It would be impossible to mould large frames with pieces projecting 
on all sides (prepared to receive the moving parts of the machines), and jutting out 
Vol.IL CC 
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in contrary directions, in any flasks filled with wet sand, for the pattern never could 
be removed without destroying the impression. To meet these difficulties the modern 
ironfounder has had to follow those plans which were first proved practicable by 
those who have devoted themselves to casting bronse statues. In founding, as in so 
many other branches of manufacture, the discoveries made in prosecuting the fine 
arts have been advantageously adopted by those engaged in works of utility. 

False Corea. — The introduction of the drawbacks, or false cores, made of sand 
pressed hard (and admitting of taking to pieces by joints, at each of which a layer of 
parting sand is prepared), used for figure casting, enables the moulder to work at his 
leisure, without fearing that his mould may tumble to pieces, and also enables him to 
fashion these drawbacks or cores into the most complicated forms, with the power to 
remove them while the pattern is removed, and build them up again round the empty 
space (formerly occupied by the pattern) with the greatest facility and accuracy. 

The workmen, whose occupation is to knead the sand into the forms required 
by the founder, arc termed moulders, and they form a very ntimerous body of 
nvothanifs, demanding and receiving high wages. 

The moulder has often only his sand, his flasks, cranes, and a few simple tools (for 
smoothing rough places, and for repairing the places in the sand where the mould 
has broken away during the lifting of the pattern) ; he has to make proper arrangements 
for the exit of the atmospheric air which leaves the mould as the fluid metal takes 
its place ; and he is expected to produce an exact copy in metal from any pattern, 
simple or complicated, which may be brought before him. 

It will be evident that to produce a good result with such imperfect appliances as 
the ordinary moulder uses, a skilful workman must be employed, and time expended 
in proportion to the difficulty of the operations to be performed. 

Where only a few impressions from a model are required, it is not worth while 
to spend money in making expensive patterns, or providing those appliances which 
may enable patterns to be moulded with facility and little skill ; but where thousands 
of castings are wanted of one shape, it is expedient to spend money and Bkill on 
patterns and tools, and reduce the work of the moulder to its minimum. 

Management. — The best managed foundry is not that in which good castings are 
obtained by the employment of skilled workmen at a great expense, and without 
trouble or thought on the part of the principal, but rather that in which the patterns 
have been constructed with a special reference to their being cast with the minimum 
of skill and the maximum of accuracy. It is only by the forethought and calculation 
of the manager that subsequent operations can be reduced to their smallest coBt ; and 
in the foundry, as in all other manufactories, the true principles of economy are only 
practised where the head work of one person saves the manual labour of a large number. 

Improvements. — The attention of founders has been turned — 1st, to the methods 
by which the labour of making moulds in sand might be reduced ; 2nd, to the intro- 
duction of improvements in the mode of constructing patterns and moulds ; and 3rd, 
to the manufacture of metallic moulds for those purposes for which they could be 
applied. A great progress has been made during the last twenty years in these 
different directions. 

Machine Moulding. — In the large industry carried on for the production of 
cast-iron pipes for the conveyance of water and gas, machinery has been applied so 
that the operation of pipe-moulding is performed almost without manual labour, with 
great rapidity and precision. The cost of pipes at the present time is only about 2/. 
per ton above the value of pig-iron, out of which they are made. A sum very small 
when it is considered that the *ror has to be rc-melted, an operation involving both 
a cost of fuel nnd a loss of 5 to 20 per cent, of the iron in the cupola. An ingenious 
machine for moulding in sand, spur and bevel wheels of any pitch or diameter has 
been employed in Lancashire ; the advantage being that the machine moulding-tool 
acts directly upon the Band without the intervention of any pattern or mould. In any 
large foundry there is an enormous accumulation of costly wheel-patterns, taking up 
a great deal of space, and these can now be dispensed with by substituting the wheel 
moulding-macliiue. Railway chairs are moulded in a machine ; and plough shares,which 
although only weighing a few pounds each, are sold at the low rate of 84 a ton, are 
moulded in a machine. 

Plate Casting. — Under the next class of improvements the introduction of plate- 
casting has been the most fruitful of good results. « 

One great source of expense and trouble in a foundry is th^injury done to patterns 
and to their impressions in the sand by the necessity, nnder the ordinary system of 
nftulding, of striking the pattern, or pushing it first in one direction and then in 
another in order to loosen it Now, the olyect of the machinist is to construct all 
his spindles, bearings, bolts, and wheels, of specified sixes, and then to cast the framing 
of his machine so accurately that the working parts may fit into the frame without 
any ma nual labour. In order to effect this, every projection and every aperture in 
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the casting must he At an exact-distance, and this can only be attained by employing 
snch a system as thft of plate-costing, where the pattern is attached firmly to a plate, 
and it is impossible for the moulder to distort or injure the impression. Plate-casting 
has been long known, bnt was practically confined for many years to the production 
of small articles, snch as cast nails and rivets. 

In a plate-mould for rivet-casting, the shafts of the rivets are attached to one side of 
the plate, which is j-in. thick, and planed on both sides. The heads of Jhe rivets are 
on the opposite side of the plate. The guides on the upper and lower flask admit 
the plate to fit between them, and when the plate is withdrawn the upper and 
lower flask close perfectly, and arc in all respects like ordinary monlders' flasks. 
The principle of moulding is very simple, and can be performed without skilled 
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labour ten times as fast as ordinary moulding, and with far greater accnracy. 
The plate is inserted between the upper and lower flasks, and sund is filled in ; 
the plate is then withdrawn by simply lifting it ; the guides prevent any shaking 
in this operation ; when the flasks are closed the impression of the head of each 
rivet is exactly perpendicular to its shaft The first expense of patterns and 
plates of this description is large, but the accuracy and rapidity of the process of 
moulding is so advantageous as to cause us to look to the applications of plate-castings 
becoming very extensive, since the requirements of the machine-maker demand every 
year better castings at lower prices. 

When both sides of a pattern are symmetrical one half only need be attached to 
the smooth plate, the other face of the plate being left blank. An impression of the 
pattern must be taken off both in the upper and lower flusk, and when these are united 
the result will be the same as if both sides of the plate had been moulded from. For 
unsymmctrical patterns both sides of the plate must be employed. The system of 
using plates with apertures in them, through which patterns could be pushed and 
withdrawn by means of a lever, was first employed in casting brass nails. A modifi- 
cation of this system has been extensively employed at Woolwich for mouldiug shot 
and shells, in the following manner: — 

Shell Casting . — A circular aperture is made in a horizontal planed plate of irou, 
two inches thick. Through this a sphere of iron, of the same diameter as the aper- 
ture, is pushed until exactly a hemisphere appears above the plate. The lower flask 
is put on to the plate, and sand filled in ; the lever being relieved the sphere falls by its 
own weight ; the lower flusk is removed and the upper flask put ou the plate ; the sphere 
is pushed through the plate as before, sand filled in, with great rapidity and accuracy. 

The sand cores for filling up that part of the shell which is to he hollow are also 
carefully and quickly made at Woolwich. The halves of the core-uiould, open and 
shut with a lever, so that the bad plan of striking the core-inould is avoided as com- 
pletely as the bad pl&n of striking the pattern is in the process of moulding shot and shell. 

Theory of Casting . — Before leaving the subject of the use of sand moulds, we may 
remark that iron and brass castings with o perfect surface can only be produced when 
the mould is well dried and heated, so as to drive out any moisture from the apertures 
between the grasps of sand. By this means channels are opened for the rapid escape 
of the heated air and gas expelled by the entrance of the fluid metal into the mould, 
and the snrfaqp of the metal is not cooled by its contact with dump or cold sand. 
It is also well to mix charcoal dost, or coke dust, with the sand ; and for fine castiifs 
to cover the surface of the sand with a coating of charcoal dust. The object of this 
proceeding is to reduce- the oxide which may be present in the metal. This operation 
of reducing the oxide of a metal instantaneously is performed with the neatest cer- 
tainty by this simple means, invented, probably, by the earliest metallurgists. By - 
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incorporating a quantity of charcoal or coke-dust "with the sand, or feeing the sand 
with carbonaceous matter, any oxide of the metal which may^e floating amongst 
the pure metal is at once reduced. Sand (being a non-conductor) does not ab- 
stract the heat from the fluid metal rapidly, and, therefore, solidification of the 
metal takes place comparatively regularly and equally throughout the mass ; when 
one part of the casting solidifies before the adjoining part, flaws often occur, and to 
avoid these /he skill of the practical founder is necessary in arranging for the entrance 
of the metal at the proper point, and for the exit of the air. 

We next proceed to the third class of improvements in moulding, that of the exten- 
sion of the application of metallic moulds. 

Metal Moulds. — The practice of casting bronse weapons in moulds made of bronxe 
(blackened over on their surface to prevent the fluid metal uniting with the mould) 
appears to have been a very general one among the ancients. 

Some moulds of this description have been discovered amongst the Celtic (?) 
remains disinterred in different parts of Europe. 

TThe facility for the escape of the heated air and gases from the sand moulds into 
which liquid metal is poured, is so much greater than that from moulds of metal, that 
at the present time neither brass nor iron is poured into metallic moulds, except when 
a particular purpose is/o be attained, vis., that of chilling the surface of the iron and 
making it as hard as steel. Iron cannot be chilled or hardened in a sand mould. 

Chilled Iron. — This process of casting in metal moulds was once supposed to be a 
modem invention ; but it now appears, from the metal moulds discovered among the 
remains of the Celtic race throughout Europe, that the bronxe weapons of the people 
who preceded the Romans were generally cast in metallic moulds, and not in sand. 
Chilled castings have been brought to great perfection by Messrs. Ransome, of Ipswich. 
Their chilled ploughshares and chilled railway chairs arc cast in moulds of such a con- 
struction that the melted iron comes in contact with iron in those parts of the moulds, 
where it is wanted to be chilled. A section of the casting shows the effect of chilling. 

Zinc. — In casting sine (a cheap and abundant metal), which fuses at a low tempera- 
ture, metallic moulds may be most advantageously used. It is, however, necessary to 
heat the iron or brass mould nearly to the temperature of melting sine, in order that the 
rapid abstraction of heat from the fluid metal may be prevented. The preparation of 
metal moulds, and the casting soft metal in them is now an extensive and important 
industry on the Continent, for Qrnamental xinc castings have suddenly come into ex- 
tensive nse in consequence of the discovery of the clectroty pi ng process. When covered 
with a thin coating of brass or copper by a galvanic battery, xinc may be bronxed so 
as to present almost the exact external appearances of real bronxe at a tenth of the cost 

When metal moulds are used their first cost is very great, as they must be made in 
numerous separate pieces so as to liberate the castings. The joints and ornaments 
have to be chased and accurately fitted at a great expense. Their use, however, re- 
quires no skill in the workman, and the rapidity with which the xinc is cast, the mould 
taken to pieces, and the casting removed, renders the operation a very rapid and econo- 
mical one. — A. T. 

Such is a general view of the practice of founding. The details, however, which 
are contained in the original article in the last edition of this dictionary, appear so 
valuable that that article is retained in uddition to the above. 

The essential parts of a well-mounted iron foundry, are, 

1. Magazines for pig irons of different qualities, which are to be mixed in certain 
proportions, for producing castings of peculiar qualities ; us also for coal, coke, sands, 
clay, powdered charcoal, and ci w-bair for giving tenucity to the loam mouldings. 

2. One or more coke ovens. * 

3. A workshop for preparing the patterns and materials of the moulds. It should 
contain small edge millstones for grinding and mixing the loam, and another mill 
for grinding coal und charcoal. 

4. A vast area, called properly the foundry, in which the moulds are made and filled 
with the melted metal. These moulds are in general very heavy, consisting of two 
parts at least, which must be separated, turned upside down several times, and replaced 
▼ery exactly upon one another. The casting is generally effected by means of large 
ladles or pots, in which the melted iron is transported from the cupola where it is 
ftised. Hence the foundry ought to be provided with cranes, having jibs movable in 
every direction. 

5. A stove in which such moulds may be readily introduced, a& require to be 
entirely deprived of humidity, and where a strong heat mav he uniformly maintained. 
* 6. Both blast and air farnaccs, capable of melting speedily the quantity of cast-iron 
to he employed each day. 

7. A blowing machine to urge the fusion in the furnaces. 

Fig. 869, represents the general plan of a well-mounted foundry. 
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0. 1n cupola fornace s it ii capable of containing 5 tons of cast-iron. 

o', is a similar frrmace, bat of smaller dimensions, for bringing down 1} tons, 
a", is a furnace like the first, in reserve for great castings. 

b b b 6, a vast foundry apartment, whose floor to a yard in depth, is formed of 
sand and charcoal powder, which hare already been used for castings, and are ready 
for heaping up into a substratum, or to be scooped out when depth is wanted for the 
moulds. There are besides several cylindrical pits, from five to seven yards in depth, 
placed near the fhrnaces. They are lined with brick work, and are uqpally left foil 
of moulding sand. They are emptied in order to receive large moulds, care being 
had that their top is always below the orifice from which the melted metal is tapped. 

These moulds, and the ladles full of melted metal are lifted and transported by 
the arm of one or more men, when their weight is moderate ; but if it he considerable, 
869 they are moved about by cranes, whose vertical 

shafts are placed at c, d, e, in correspondence, so 
that they may upon occasion transfer the load 
from one to another. Each crane is composed 
principally of an upright shaft, embraced at top 
by a collet, and turning below upon a pivot iu 
a step ; next of a horizontal beam, stretched out 
from nearly the top jf the former, with an 
oblique stay running downwards, like that of a 
gallows. The horizontal beam supports a 
movable carriage, to which the tackle is sus- 
jxmded for raising the weights. This carriage 
is made to glide backwards or forwards along 
the beam by means of a simple rack and pinion 
mechanism, whose long handle descends within 
reach of the workman’s hand. 

By these arrangements in the play of the three cranes, masses weighing five tons 
may be transported and laid down with the greatest precision upon any point whatever 
in the interior of the three circles traced upon Jig. 869, with the points c, rf, c, us centres. 

c, d, e, are the steps, upon which the upright shafts of the three cranes rest and 
turn. Each shaft is 16 feet high. 

f f 9 is the drying stove, having its floor upon a level with that of the foundry. 
f is a supplementary stove for small articles. 
g g are the coking ovens. 
h is the blowing machine or fan. 

t, is the steam-engine, for driving the fan, the loam-edge stones, 

A, and the charcoal mill 

*\ are the boiler and the furnace of the engine. 

A*, workshop for preparing the loam and other materials of moulding. 

Z, is the apartment for the patterns. 

The pig-iron, coals, &c. f are placed either nnder sheds or in the open air, round the 
above buildings ; where are also a smith's forge, a carpenter's shop, and an apartment 
mounted with vices for chipping and rough cleaning the castings by chisels and files. 

Such a foundry may be erected upon a square surface of about 80 yards on each side, 
and will be capable, by casting in the afternoon and evening of each day, partly in 
large and partly in small pieces, of turning out from 700 to 800 tons per annum, with 
an establishment of 100 operatives, including some moulding boys.- 

Of making the Moulds . — 1 . Each mould ought to present the exact form of its object. 

2. It should have such solidity that the melted nyital may be poured into it, and fill 
it entirely without altering its shape in any point. 

3. The air which occupies the vacant spaces in it, as well as tho carburetted panes 
generated by the heat, must have a ready vent ; for if they are but partially confined, 
they expand by the heat, and may crack, even blow up the moulds, or at any rate 
become dispersed through the metal, making it vesicular and unBound. 

There are tflree distinct methods of making the moulds : — 

1. In green sand ; 2. In baked sand ; 3. In loam. 

To enumerate the different means employed to make every sort of mould exceeds 
the limits prescribed to this work. We shall merely indicate for each species of 
moulding, what is common to all the operations ; and then describe the fkbrication 
of a few such moulds as appear most proper to give general views of this peculiar art 
Moulding A green sand — The name green is given to a mixture of the sand as it 
comes from its native bed, with about one twelfth its bulk of coal reduced to powder, 
and damped in such a manner as to form a porous compound, capable of preserving 
the forms of the objects Impressed apon it This sand ought to he slightly argillacemw, 
with particles not exceeding a pin’s head in size. When this mixture has once served 
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for a mould, and been filled with metal, it cannot be employed again except for the 
coarsest castings, and is generally used for filling up the bottoms rf fresh moulds. 

For moulding any piece in green sand, an exact pattern of the object must be pre- 
pared in wood or metal ; the latter being preferable, as not liable to warping, 
swelling, or shrinkage. 

A couple of iron frames form a case or box, which serves as an envelope to the 
mould. Such boxes constitute an essential and very expensive, part of the furniture 
of a foundry^ It is a rectangular frame, without bottom or lid, whose two largest 
sides are united by a series of cross bars, parallel to each other, and placed from 6 to 
8 inches apart 

The two halves of the box carry ears corresponding exactly with one another ; of 
which one set is pierced with holes, but the other has points which enter truly into 
these holes, and may be made fast in them by cross pins or wedges, so that the pair 
becomes one solid body. Within this frame there is abundance of room for containing 
the pattern of the piece to be moulded with its encasing sand, which being ranuned into 
the frame, is retained by friction against the lateral faces and cross bars of the mould. 

tVhen fi mould is to be formed, a box of suitable dimensions is taken asunder, and 
each half. No. 1 and* No. 2, is laid upon the floor of the foundry. Green sand is 
thrown with a shovel into No. 1 so as to fill it ; when it is gently pressed in with a 
rammer. The object ofchis operation is to form a plane surface upon which to lay in 
the pattern with a slight degree of pressure, varying with its shape. No. 1 being 
covered with sand, the frame No. 2 is laid upon it, so as to form the box. No. 2 
being now filled carefully with the green sand, the box is inverted, so as to place 
No. 1 uppermost which is then detached and lifted oil in a truly vertical position ; 
carrying with it the body of sand formed at the commencement of the operation. The 
pattern remains imbedded in the sand of No. 2, which has been exactly monlded upon 
a great portion of its surface. The moulder condenses the sand in the ports nearest 
to the pattern, by sprinkling a little water upon it, and trimming the ill-shaped parts 
with small iron trowels of different kinds. He then dusts a little well-dried finely- 
sifted sand over all the visible surface of the pattern, and of the sand surrounding it ; 
this is done to prevent adhesion when he replaces the frame No. 1. 

He next destroys the preparatory smooth bed or area formed in this frame, covers 
the pattern with green sand, replaces the frame 1 upon 2 to reproduce the box, and 
proceeds to fill and ram No. 1, as he hod previously done No. 2. The object of this 
operation is to obtain very exactly a concavity in the frame No. 1, having the shape 
of the part of the model impressed coarsely upon the surface formed at the beginning, 
and which was meant merely to support the pattern and the sand sprinkled over it, 
till it got imbedded in No. 2. 

The two frames in their last position, along with their sand, maybe compared to a box 
of which No. 1 is the lid, and whose interior is adj listed exactly upon the enclosed pattern. 

Ifwe open this box, and after taking out the pattern, close its two halves again, 
then pour in melted metal till it fill every void space, and become solid, we shall 
obviously attain the wiBhed-for end, and produce a piece of cast iron similar to the 
pattern. But many precautions must still be taken Wore we can hit this point We 
must first lead through the mass of sand in the frame No. 1, one or more channels for 
the introduction of the melted metal ; and though one may suffice for this purpose, 
another must be made for letting the air escape. The metal is run in by several 
orifices at once, when the piece has considerable surface, but little thickness, so that 
it may reach the remotest points sufficiently hot and liquid. 

The parts of the mouldy near the pattern must likewise be pierced with small holes, 
by meansof wires traversing the whole body of the sand, in order to render the mould 
more porous, and to facilitate the escape of the air and the gases. Then, before lifting 
off the frame No. 1, we must tap the pattern slightly, otherwise the sand enclosing it 
would stick to it in several points, and the operation would not succeed. These gentle 
jolts are given by means of one or more pieces of iron wire which have been screwed 
Tertically into the pattern before finally ramming the sand into the frame No. 1, or 
which enter merely into holes in the pattern. These pieces are sufficiently long to 
pass out through the sand when the box is filled ; and it is upon their upper ends that 
the horixontal blows of the hammer are given ; their force being regulated by the 
weight And magnitude of the pattern. These rods are then removed by drawing them 
straight out j after which the frame No. 1 may be lifted off smoothly from the pattern. 

The pattern itself is taken out, by lifting it m all its parts at once, by means of 
screw pins adjusted at the moment This manoeuvre is executed, for largo pieces, 
sdupst always by several men, who while they lift the pattern with ono hand, strike 
it with the other with small repeated blows to detach the sand entirely, in which it is 
generally more engaged than it was in that of the frame No. 1. But in spite of all 
these precautions, there are always some degradations in one or other of the two parts 
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of the mould j which are immediately repaired by the workman with damp sand, 
which he applies a*i presses gently with his trowel, so as to restore the injured forms. 

Hitherto it has been supposed that all the sand rammed into the box is of one 
kind; bat from economy, the green sand is used only to form the portion of the mould 
next the pattern, in a stratum of about an inch thick ; the rest of the surrounding space 
is filled with the sand of the floor which has been used informer castings. The interior 
layer round the pattern is called in this case, new aand, 

It may happen that the pattern is too complex to be taken out withoutdamaging the 
mould, by two frames alone ; then three or more are mutually adjusted to form the box. 

When the mould, token asunder into two or more parts, has been properly repaired, 
its interior surface must be dusted over with wood charcoal reduced to a very fine 
powder, and tied up in a small linen bag, which is shaken by hand. The charcoal is 
thus sifted at the moment of application, and sticks to the whole surface which has 
been previously damped a little. It is afterwards polished with a fine trowel. Some- 
times, in order to avoid using too much charcoal, the surfaces are finally dusted over 
with sand, very finely pulverised, from a bag like the charcoal The two frame* are 
now replaced with great exactness, made fast together by the ears, with weftged bolts 
laid truly level, or at the requisite slope, and loaded with considerable weights. When 
the casting is large, the charcoal dusting, as well as that of fine sand, is suppressed. 
Every thing is now ready for the introduction of the fused fnetaL 

Moulding in baked or wted aand — The mechanical part of this process is the same as 
that of the preceding. But when the castings arc large, and especially if they are tall, 
hydrostatic pressure of the melted metal upon the sides of the mould cannot be counter- 
acted by the force of cohesion which the sand acquires by ramming. We must in 
that case adapt to each of these frames a solid side, pierced with numerous small holes 
to give issue to the gases. This does not form one body with the rest of the frame, 
but is attached extemporaneously to it by bars and wedged bolts. In general no 
ground coal is mixed with this sand. Whenever the mould is finished, it is trans- 
ferred to the drying Btove, where it may remain from twelve to twenty-four houre at 
most, till it be deprived of all its humidity. The sand is then said to be baked, or 
annealed. The experienced moulder knows how to mix the different sands placed at 
his disposal, so that the mass of the mould as it comes out of the stove, may preserve 
its form, and be sufficiently porous. Such moulds allow the gases to pass through 
them much more readily than those made of green sand ; and in ^general the castings 
they turn out are less vesicular, and smoother upon the surface. Sometimes in a large 
piece, the three kinds of moulding, that in green sand, in baked sand, and in loam, 
are combined to produce the best result. 

Moulding in loam . — This kind of work is executed from drawings of the pieces to 
he moulded, without being at the expense of making patterns. The mould is formed 
of a pasty mixture of day, water, sand, and cow’s hair, or other cheap filamentous 
matter, kneaded together in what is called the loam mill. The proportions of the 
ingredients are varied to suit the nature of the casting. When the paste requires to 
be made very light, horse dung or chopped straw is added to it. 

We shall illustrate the mode of fabricating loam moulds, by a simple case, such as that 
of a sugar pan. Fig. 870 is the pan. There is laid upon the floor of the foundry, an 
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annular platfopn of cast-iron, a, b,Jig. 87 1 ; and upon its centre c, rests the lower extre- 
mity of a vertical shaft, adjusted so as to turn freely upon itself; while it makes a 
wooden pattern ef,fig. 872, describe a surface of revolution identical with the internal 
surface reversed of the boiler intended to be made. The outline e g, of the pattern is 
fhsliioned so as to describe the surface of the edge of the vessel Upon the part «, d, b , d, 
Jhj. 872, of thelQat cast-iron ring, there must next be constructed, with bricks laid 
either flat or^on their edge, and clay, a kind of dome, h i h. Jig. 872, from two to four 
inches thick, according to the size and weight of the piece to be moulded. The ex- 
ternal surface of the brick dome ought to be everywhere two inches distant at fast, 
from the surface described by the arc c,f Before building up the dome to the point 
i, coals are to be placed in its inside npon the floor, which may be afterwards kindled 
for drying die mould. The top is then formed, leaving at i, round th» upright shaft 
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of revolution, only a very small oatlet This aperture, as also some others left under 
the edges of the iron ring, enable the moulder to light the fire wh/fc it becomes neces- 
sary, and to graduate it so as to make it last long enough without needing more fuel, 
till the mould be quite finished and dry. The combustion should be always extremely 
slow. 

Over the brick dome a pasty layer of loam is applied, and rounded with the mould 
9% e,/; this surface is then coated with a much smoother loam, by means of the concave 
edge of the sr me mould. Upon the latter surface, the inside of the Bugor pan is cast; 
the line eg having traced, in its revolution, a ledge, m. The fire is now kindled, and 
as the surface of the mould becomes dry, it is painted over by a brush with a mixture 
of water, charcoal powder, and a little clay, in order to prevent adhesion between the 
surface already dried and the coats of clay about to be applied to it The board g ef 
is now removed, and replaced by another, f eff, fig. 874, whose edge ef f describes 
the outer surface of the pan. Over the surface e,f 9 a layer of loam is applied, which 
is turned and polished so os to produce the surface of revolution e'f % & was done for 
the surface ef; only in the latter case, the line ef g 1 of the board does not form a new 
shoulder, fiat rubs lightly against m. 

The layer of loam included between the two surfiiees ef e r f r is an exact represen- 
tation of the sugar pan. When this layer is well dried by the heat of the interior fire, 
it must be painted like the former. The upright shaft is now removed, leaving the 
small vent hole through which it passed to promote the complete combustion of the coal 
There must be now laid horizontally upon the ears of the platform d d t fig . 871, ano- 
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ther annular platform pq, like the former, but a little larger, and without any cross-bar. 
The relative position of these two platforms is shown in fig. 875. Upon the surface 
ef fnfig* 874, a new layer of loam is laid, two inches thick, of which the surface is 
smoothed by hand. Then upon the platform p q, fig. 87 5, a brick vault is constructed, 
whose inner surface is applied to the layer of loam. This contracts a strong adherence 
with the brickB which absorb a part of its moisture, while the coat of paint spread over 
the surface ef f* 9 prevents it from sticking to the preceding layers of loam. The brick 
dome ought to be built solidly. 

The whole mass is now to be thoroughly dried by the continuance of the fire, the 
draught of which is supported by a small vent left in the upper part of the new dome ; 
and when all is properly dry, the two iron platforms are adjusted to each other by pin 
points, and p q is lifted off^ taking care to keep it in a horizontal position. Upon this 
platform are removed the last brick dome, and the layer of loam which had been applied 
next to it 5 the latter of which represents exactly by its inside the mould of the surface 
eff, that is, of the outside of the pan. The crust contained between e f and eff is 
broken away, an operation easily done without injury to the surface e f which repre- 
sents exactly the inner surface of thri pan ; or only to the shoulder m, corresponding to 
the edge of the vessel. The top aperture through which the upright shaft passed must 
be now closed ; only the one is kept open in the portion of the mould lifted off upon 
pq; because through this opening the melted metal is to be poured in the process of 
casting. . The two platforms being replaced above each other very exactly, by means 
of the adjusting pin-points, the mould is completely formed, and ready for the reception 
of the metal. 


When the object to be moulded presents more complicated forms than the one now 
chosen for the sake of illustration, it is always by analogous processes that the workman 
constructs his loam moulds, but his sagacity must hit upon modes of executing many 
things which at first sight appear to be scarcely possible. Thus, when the forms of the 
interior and exterior do not permit the mould to be separated in t wo pieces, it is divided 
into several, which are nicely fitted with adjusting pins. More than two cast-iron 
rinjfi or platforms are sometimes necessary. When ovals or angular surfaces must be 
traced instead of those of revolution, no upright shaft is used, but wooden or cast-iron 
guides made on purpose, along which the pattern cut-out board is slid according to the 
drawing of the piece. Iron wires and claws are often interspersed through the brick 
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work to give it cohesion. The core, kernel, or inner monld of a hollow easting is fre- 
quently fitted in wh«.i the outer shell is moulded. The case of a gas-light retort. Jig. 
876, will illustrate this matter. The core of the retort ought to have the form t e e c, 
and be very solid, since it cannot be fixed in the outer mould for the casting, except in 
the part standing out of the retort towards m m. It must be modelled in loam, upon 
a piece of cast-iron called a lantern , made expressly for this purpose. The lantern is a 
cylinder or a truncated hollow cone of cast iron, about half an inch thick ; and differ- 
ently shaped for every different core. The surface is perforated with bbles of about 
half an inch in diameter. It is mounted by means of iron crossbars, upon an iron axis. 


876 



which traverses it in the direction of its length.. Fig. 877 represents a. horizontal 
section through the axis of the core ; g h is the axis of the lantern, figured itself at t k 
k i ; o i i a is a kind of disc or dish, perpendicular to the axis, open at t c, forming one 
piece with the lantern, whose circumference o o presents a curve similar to the section 
of the core, made at right angles to its axis. We shall see presently the two uscb for 
which this dish is intended. The axis ghis laid upon two gudgeons, and handles are 
placed at each of its extremities, to facilitate the operation in making the core. Upon 
the whole surface of the lantern, from the point h to the collet formed by the dish, a 
hay cord as thick as the finger is wound. Even two or more coils may be applied, as 
occasion requires, over which loam is spread to the exact form of the core, by applying 
with the hand a board, against the dish o o, with its edge cut out to the desired shape ; 
as also against another dish, adjusted at the time towards h ; while by means of the 
handles a rotatory movement is given to the whole apparatus. 

The hay interposed between the lantern and the loam, which represents the crust of 
the core, aids the adhesion of the clay with the cast iron of the lantern, and gives passage 
to the holes in its surface, for the air to escape through in the casting. 

When the core is finished, and has been put into the drying stove, the axis g h is 
taken out, then the small opening which it leaves at the point A, is plugged with clay. 
This is done by supporting the core by the edges of the dish, in a vertical position. It 
is now ready to be introduced into the hollow mould of the piece. 

ThiB mould executed in baked sand consists of three pieces, two of which, absolutely 


similar, are represented, Jig. 878, at p q , the third is shown at r ». The two similar 
parts p q. present each the longitudinal half of the 

nearly cylindrical portion of the outer surface of the 8< 8 8/9 

gas retort; so that when they are brought together, / 

the cylinder is formed; r s contains in its cavity the p Z L £1 *** “ - 

kind of hemisphere which forms the bottom of the 3* lp 3f§ Hf 

retort Hence, by adding this part of the mould to | im If : 

the end of the two others, the resulting apparatus pA- r | gt 

sents, in its ulterior, the exact mould of the outside of ? E Jj 

the retort ; an empty cylindrical portion 1 1, whose fj ■'» K ‘ 

axis is the same as that of the cylinder u u, and whose [ K- -ft 

surface, if prolonged, would be everywhere distant fcl (/ r j 

from the surface « *» by a quantity equal to the desired Jj Lj 

thickness of the retort. The diameter of the cylinder ' / 

ft is precisely equal to that of the core, which is 
slightly conical, in order that it may enter easily into 
this aperture 1 1 4 and dose it very exactly when it is 
introduced to the collet or neck. 


The three parts of the mould and the core being prepared, the two pieces p q 9 mnst 
first be united, and supported in on upright position ; then the core must be let down 
into the opening 1 1, fig. 879. When the plate or disc o o of the core is supported ujftra 
the mould, we must see that the end of the core is everywhere equally distant from 
the edge of the external surface «c u, and that it does not go too for beyond the line q q. 
Should there be an inaccuracy, we must correct it by slender iron slips placed under 
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the edge of the disc oo; then by means of a cast iron cross, and screw holts v v, we fix 
the core immovably. The whole apparatus is now set down upoipr t, and we fix with 
screw bolts the plane surface g q upon r r ; then introduce the melted metal by an 
aperture r, which has been left at the upper part of the mould. 

When, instead of the example now selected, the core of the piece to be cast must go 
beyond the mould of the external surface, as is the case with a pipe open at each end, 
the thing iB more simple, because we may easily adjust and fix' the core by its two 
ends. * 

In casting a retort, the metal is poured into the mould set upright. It is important 
to maintain this position in the two last examples of casting ; for all the foreign matters 
which may soil the metal during its flow, as the sand, the charcoal, gases, scorise, being 
less dense than it, rise constantly to the surface. The hydrostatic pressure produced 
by a high gate, or filling- in aperture, contributes much to secure die soundness and 
solidity of the casting. Ibis gate piece being superfluous, is knocked off almost im- 
mediately after, or even before the casting cools. Very long, and sdmewhat slender 
piaffes, aijp usually cast in moulds set up obliquely to the horizon. As the metal shrinks 
in cooling, the mould should always be somewhat larger than the object intended to 
be cast The iron founder reckons in general upon a linear shrinkage of a ninety- 
sixth part ; that is one-eighth of an inch per foot 

Mating of the cast-ir&i . — The metal is usually melted in a cupola furnace, of which 
the dimensions are very various. Fig. 880 represents in plan, section, and elevation, 



one of these furnaces of the largest size; being capable of founding 5 tons of cast-iron 
at a time. It is kindled by laying a few chipB of wood upon its bottom, leaving the 
orifice c open, and it is then filled up to the throat with coke. The fire is lit at c, and 
in a quarter or half an hour, when the body of fhcl is sufficiently kindled, the tuy&re 
blast is set in action. The flame issues then by the mouth as well as the orifice c, 
which has been left open on purpose to consolidate it by the heat Without this pre- 
caution, the sides, which are made up in argillaceous sand after each day's work, would 
not present the necessary resistance. A quarter of an hour afterwards; the orifice c is 
closed with a lump of moist clay, and sometimes, when the furnace is to contain a 
peat body of melted metal, the clay is supported by means of a small plate of cast- 
iron fixed against the furnace. Before the blowing machine is set agoing, the oj>en- 
ings ggg had been kept shut Those of th.m wanted for the tuy&res are opened in 
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•accession, beginning at the lowest, the tuyeres being raised according as tlic level of 
the fhsed iron stand higher in the furnace. The same cupola may receive at a time 
from one to six tuydres, through which the wind is propelled by the centrifugal action 
of an excentric fan or ventilator. It does not appear to be ascertained whether there 
be any advantage in placing more than two tuyftres facing each other upon opposite 
sides of the furnace. Their diameter at the nozzle varies from 8 to 5 inches. They 
are either cylindrical or slightly conical. A few minutes after the tuyeres have begun 
to blow, when the coke sinks m the furnace, alternate charges of coke %nd pig iron 
must be-thrown in. The metal begins to melt in about 20 minutes after its intro* 
duction ; and successive charges are then made every 10 minutes nearly ; each charge 
containing from 3 cwt. to 5 cwt of iron, and a quantity proportional to the estimate 
given below. The amount of the charges varies of course with the size of the furnace, 
and the speed required for the operation. The pigs must be previously broken into 
pieces weighing at most 14 or 16 pounds. The vanes of the blowing fiin make from 
625 to 650 turns per minute. The two cupolas represented Jig. 881, and another 
alongside in the plan, may easily melt f»A tons of metal in 2 } hours ; that js 2$ 4ons 
per hour. This result is three or four times greater than what was formerly obtained 
in similar cupolas, when the blast was thrown in from small nozzles with cylinder 
bellows, moved by a steam engine of 10 horses power. m 

In the course of a year, a considerable foundry like that represented in the plan, 
Jig. 869, will consume about 300 tons of coke in melting 1240 tons of cast iron ; con- 
sisting of 940 tons of pigs, of different qualities, and 300 tons of broken castings, gate- 
pieces, &c. Thus it appears that 48 pounds of coke are consumed for melting every 
2 cwt of metal 

Somewhat less coke is consumed when the fusion is pushed more rapidly, to collect 
a great body of melted metal for casting heavy articles ; and more is consumed when, 
as in making many small castings, the progress of the founding has to be slackened 
from time to time ; otherwise, the metal would remain too long in a state of fusion, 
and probably become too cold to afford sharp impressions of the moulds. 

It sometimes happens that in the same day, with the same furnace, pieces are to l>e 
cast containing several proportions of different kinds of iron ; in which case, to prevent 
an intermixture with the preceding or following charges, a considerable bed of coke 
is interposed. Though there be thus a little waste of fuel, it is compensated by the 
improved adaptation of the castings to their specific objects. The founding generally 
begins at about 3 o'clock, p.m., and goes on till 6 or 8 o’clock. One founder aided by 
four labourers for charging, &c., can manage two furnaces. 

The following is the work of a well-managed foundry in Derby. 

200 lbs. of coke are requisite to inclt, or bring down (in the language of the founder), 
1 ton of cast iron, after the cupola lias been brought to its proper heat, by the com- 
bustion in it of 9 baskets of coke, weighing, by my trials, 40 pounds each, 360 lbs. 

The chief talent of the founder consists in discovering the most economical mix- 
tures and so compounding them as to produce the desired properties in the castings. 
One piece, for example, may be required to have great strength and tenacity to bear 
heavy weights or strains ; another must yield readily to the chisel or the file ; a 
third must resist sudden alternations of temperature ; and a fourth must be pretty 
hard. 

The filling in of the melted metal is managed in two ways. For strong pieces, whose 
moulds can be buried in the ground at 7 or 8 yards distance from the furnace, the 
metal may be run in gutters, formed in the sand of the floor, sustained by plates or 
stones. The clay plug is pierced with an iron rod, when all is ready. 

When from the smaller size, or greater distance of the moulds, the melted metal 
cannot be run along the floor from the furnace, it is received in cast-iron pots or ladles, 
lined with a coat of loam. These arc either carried by the hands of two or more men, 
or transported by the crane. Between the successive castings, the discharge hole of 
the furnace is closed with a lump of clay, applied by means of a stick, having a small 
disc of iron fixed at its end. 

After the metal is somewhat cooled, the moulds arc token asunder, and the excres- 
cences upon the edges of the castings are broken off with a hammer. They are after- 
wards more carefully trimmed or chipped by a chisel when quite cold. The loss of 
weight in founding is about 6} per cent upon the pig iron employed. Each easting 
always requires the melting of considerably more than its own weight of iron. This 
excess formsHlie gates, false seams, &c. ; the whole of which being deducted, shows 
that 1 cwt of coke is consumed for every 3 cwt of iron put into the furnace ; 
for every 138 cwt. of crude metal there will be 100 cwt of castings, 32 of rel%se 
pieces, and 6 of waste. 

Fig. 880, Cupola furnace , requires a little ftirtlier description. It is 3 feet wide 
within, and 13} fret high, si m, solid body of masonry, as a basis to thfe furnace. 
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h h, octagonal platform of cast iron, with a ledge in which the plates aaa a are 
engaged. 1 

a a, eight plates of cost iron, 1 inch thick, absolutely similar ; only one of them is 
notched at its lower part in c, to allow the melted metal to run out, and two of the 
others have six apertures, g g g, &c. to admit the tuyeres. 

c, orifice fur letting the metal flow out. A kind of cast iron gutter, e, lined with 
loam, is fitted to the orifice. 

d t hoops of hammered iron, inches broad ; one half of an inch thick for the bottom 
ones; and a quarter of on inch for the upper ones. The intermediate hoops decrease 
in thickness from below upwards between these limits. 

c, cast iron gutter or spout, lined with lopm, for ruining off the metal. 

f f cylindncal piece of cast iron, fbr increasing the height and draught of the 
furnace. 

g % side openings for re- 
ceiving the tuyeres, of which 
then are-six upon each side 
of the furnace. Each of them 
may be shut at pleasure, by 
means of a small cast iron 
plate, A, made to slide ^hori- 
zontally in grooves sunk in 
the main plate, pierced with 
the holes g g. 

k A, interior lining of the 
surface, made of sand, some- 
what argillaceous, in the fol- 
lowingway. After having laid 
at the bottom of the furnace a 
bed of sand a few inches thick, 
slightly sloped towards the 
orifice of discharge, there is 
sot upright, in the axis of the 
cupola, a wooden cylinder of 
its whole height, and of a 
diameter a little leBS than that 
of the vacant space belonging 
to the top or the furnace. 

Sand is to be then rammed in 
so as to fill the whole of the 
furnace ; after which the 
wooden cylinder is withdrawn, 
and the lining of the sand is 
cat or Bhaved away, till it has 
received the proper form. 

This lining lasts generally 
5 or 6 weeks, when there are 
six meltings weekly. 

i t, cost iron circular plate, 
through which the month of 
the furnace passes for pro- 
tecting the lining in k dur- 
ing the introduction of the 
charges. 

N n, level of the floor of 
the foundry. The portion of 
it below the running out ori- * 
flee consists of sand, so that 
it may be readily sunk when 
it is wished to receive the 
melted metal in ladles or pots 
of large dimensions. 

The fan distributes the blast from the main pipe to three principal prints, by three 
branch tubes of distribution. A register, consisting of a cast iron plate sliding with 
friction in a frame, serves to intercept the blast at any moment, when it is not desirable 
to stop the moving power. A large main pipe of zinc or sheet iron is fitted to (he 
orifice of the slide valve. It is square at the beginning, or only rounded at (he 
angles; but«t a little distance it becomes cylindrical, and conducts the blast to the 
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divaricating points. There, each of the branches tnrns np vertically, and terminates 
at b b 9 Jig. 881, ^ Hire it presents a circular orifice of inches. Upon each of the 
upright pipes b 9 the one end of an elbow-tube of sine ceee 9 Jig . 881, is adjusted 
rather loosely, and the other end receives a tuydre of wrought iron d d 9 through the 
intervention of a shifting hose or collar of leather c c d 9 hooped with iron wire to 
both the tube and the tuyere. The portion ccee may be raised or lowered, by sliding 
upon the pipe b 9 in order to bring the noasle of the tuyere d d 9 to the requisite 
point of the furnace. The portion cc c c may be made also of wrought iron. A 
power of 4 horses is adequate to drive this fan, for supplying blast to 3 furnaces. 

The founders have observed that the efflux of air was not the same when blown into 
the atmosphere, as it was when blown into the fhrnaccs ; the velocity of the firo, 
with the same impulsive power, being considerably increased in the latter case. 
They imagine that this circumstance arises from the blast being sucked in, so to 
speak, by the draught of the furnace, and that the fan then supplied a greater quantity 
of air. * 

The following experimental researches show the fallacy of this opinion. Two ^ater 
siphons, t e «,///, made of glass tubes, one-fifth of an inch in the bore? were in- 
serted into the tuyere, containing water in the portions g g g 9 hhh. The one of these 
manometers for measuring the pressure of the air was inserted at k , the other in the 
centre of the nozzle. Thu size of this glass tube was too^mall to obstruct in any 
sensible degree the outlet of the air. It was found that when the tuyeres of the fan 
discharged into the open air, the expenditure by a nozzle of a constant diameter was 
proportional to the number of the revolutions of the vanes. It was further found, 
that when the speed of the vaues was constant, the expenditure by one or two nozzles 
was proportional to the total area of these nozzles. The following formulae give the 
volume of air furnished by the fan, when the number of turns and the area of the 
nozzles are known. 


Volume 


25 32 S n 
1 - 000,000 


Volume ~ £2££Li» (a; 

1,000,000 

The volume is measured at 32° Fahr., under a pressure of 29-6 inches baroin. 

S « is the total area of the orifices of the tuyeres in square inches. 

n *- the number of turns of the vanes in a minute. 

After measuring the speed of the vanes blowing into the atmosphere, if we intro- 
duce the nozzle of discharge into the orifice of the furnace, we sliall find that their 
Bpeed immediately augments in a notable degree. We might, therefore, naturally 
suppose that the fan furnishes more air in the second cose than in the first ; but a 
little reflection will show that it is not so. In fact, the air which issues in a cold 
state from the tuydre encounters instantly in the furnace a very high tempo ratuiv, 
which expands it, and contributes, along with the solid matters with which the 
furnace is filled, to diminish the facility of the discharge, and consequently to 
retard the efflux by the nozzles. The oxygen gas consumed is replaced by a like 
volume of carbonic acid gas, equally expansible by heat Reason leads us to conclude 
that less air flows from the nozzles into the furnace than into the open atmosphere. 

The increase in the velocity of the vanes takes place precisely in the same manner, 
when after having made the nozzles blow into the atmosphere, we substitute for these 
nozzles othera of a smaller diameter, instead of directing the larger ones into the fur- 
nace. Hence we may conceive that the proximity of the charged furnace acts upon 
the blast like the contraction of the nozzles. When the moving power is uniform, 
and the velocity of the vanes remains the same, the quantity of air discharged must 
also be the some in the two coses. 

Two tuyeres, one 5 inches in diameter, the other 4j, and which, consequently, pre- 
sented a total area of 35£ square inches, discharged air into one of the furnaces, from a 
fan whose vanes performed 654 turns in the minute. These two nozzles being briskly 
withdrawn from the furnace, and turned round to the free air, while a truncated paste- 
board cone of 3j inches diameter was substituted for the nozzle of inches, where 
the area of effldx was reduced to 29’3 square inches, the velocity of the vanes continued, 
exactly the tgme. The inverse operation having been performed, that is to say, the 
two original nozzles having been smartly replaced in the furnace. to discover whether 
or not the moving power c han ged in the interval of the experiment, they betrqyed 
no perceptible alteration of speed. From the measures taken to count the speed, the 
error could not exceed 3 revolutions per minute, which is altogether unimportant 
upon the number 654. • 
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It follows, therefore, that when the vanes of the fan have the velocity of 654 turns 
per minute, the expenditure by two nozzles, whose joint area ii 35$ square inches, 
both blowing into a furnace, is to the expenditure which takes place, when foe same 
nozzles blow into foe air, as 35*5 is to 29*3 ; that is, a little more than 4-fiffox 

If this be, as is probable, a general rule for areas and speeds considerably different 
from foe above, to find foe quantity of air blown into one or more furnaces by foe Ian, 
we should calculate the volume by one of foe above formula (1) or (2), and take 
4-fifths of foe result, as the true quantity. 

The fan ▲ c, represented (Jig. 881), is of foe*best ex centric form, as constructed bv 
Messrs. Braifowaite and Ericsson, d is the circular orifice round foe axis by which 
foe air is admitted ; and c c B is foe excentric channel through which foe air is 
wafted towards the main discharge pipe b. See Ventilation. 

FOUNTAIN. A stream of water rising np through foe superficial strata of foe 
earth. See Artesian Wells. 

FOXING, is a term employed by brewers to characterise the sodring of beer, in 
the process of its fermentation or ripening. 

FRACTIONAL DISTILLATION. See Naphtha (Boghead). 

FRACTURE of minerals. The fracture of minerals has been grouped under foe 
following hcadB, there being very few variations from them : — 

1. Cvnchoidal; from concha, like a shell, when a mineral breaks with curved con- 
cavities ; example, fiint. 

2. Even ; when foe surface of fracture is rough, with numerous small elevations 
and depressions. 

3. Splintery; when the broken surface exhibits protruding points. 

4. Hackly; when the elevations are sharp or jagged, as iron. 

FRAME, a mining term. See Dressing of Ores. 

FRANKFORT BLACK; is a black used in copper-plate printing. It is said to be 
n charcoal obtained from grape and vine lees, peach kernels, and bone shavings. It is, 
doubtful, whether the finest black is not a soot produced from the combustion of some 
of these bodies. The preparation is, however, made much of a mystery. 

FRANKINCENSE. The spontaneous exudations of the Abies cxccha p the Norway 
spruce fir. 

FRANKLINITE. A somewhat remarkable mineral, which is found at Hamburg, 
N. with red oxide of zinc and garnet in granular limestone. Its composition has 
been determined to be — 



1 . 

2. 

3. 

Oxide of iron 

- 66-0 - 

68*88 

- 66*12 

Oxide of manganese 

- 180 - 

18*17 

- 11*19 

Oxide of zinc 

- 17-0 - 

10*81 

- 21*77 


Franklinite was at first employed for the production of zinc ; hut for that purpose 
it did not answer commercially. It is, however, now employed in combination with 
iron, as it is said, with mnch advantage. Major Farrington of New Jersey thus 
speaks of it: — “ Many experiments have been made under my superintendence upon foe 
ores of Franklinite, and I have also witnessed several others of an interesting cha- 
racter made by other parties in mixing Franklinite with pig iron in the puddling 
furnace, and also a mixture of franklinite pig with other irons In their conversion to 
wrought iron. The result in all cases has been a great improvement in foe quality of 
iron as manufactured. The most marked and, as I consider, the most valuable re- 
sult is obtained by using from 10 to 15 per cent, of foe weight of pig iron to bo 
puddled with pulverised Franklinite ore in the furnace at each heat Iron of foe 
most inferior quality when thus treated, is converted into an article of No. 1 grade. 
The volatile nature of zinc at a high temperature, combining with foe sulphur, phos- 
phorus, and other volatile constituents of foe coal, or that may he in foe iron, 
being carried off mechanically, I consider is one of the causes of foe improvement ; 
the manganese also of the ore combines with silica at a high temperature, and pig 
iron that contains silica is thus freed from it. Thi* great advantage to, be obtained by 
using foe pulverised ore in foe puddling furnace is, that a high grade of iron may be 
made ; and where reheating has been hitherto deemed indispensable, one heating is 
found sufficient for such uses as wire billets, nuts, bolts, horseshoe iron, and nails. A 
particular selection of fuel is not required, coke and charcoal can be, dispensed with, 
and bituminous or anthracite coal used." 

FREESTONE. A term used to denote any stone which is capable otoeing worked 
freely in every direction, and, which has no tendency to break in one direction more 
than another. In foe counties of Wicklow and Dublin, and also in Cornwall, foo 
term is applied to granite which works freely. — H. W. B. 

FREEZING. ( Congelation, Fr. ; Gefrierung, Germ.) The three general forma, 
solid, liquid, ttnd gaseous, under one or other of which all kinds of matter exist, are 
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roferrible to the influence of heat, modifying, balancing, or subduing the attraction of 
cohesion. Nearly c’jery solid may be liquefied, and every liquid may be vaporised, 
by a certain infusion of heat, whether this be regarded as a moving power, or an 
elastic essence. The converse of this proposition is equally true ; for many gases, till 
lately styled permanent, may be liquefied, nay, even solidified, by diminution of their 
temperature, either alone, or aided by a sufficient mechanical condensation, to bring 
their particles within the sphere of aggregative attraction. When a solid is trans- 
formed into a liquid, and a liquid into a gas or vapour, a quantity mor^or less con- 
siderable of heat is absorbed, or becomes latent, to use the term of Dr. Black. When 
the opposite transformation takes place, the heat absorbed is again emitted, or what 
was latent becomes sensible. See Heat for the more recent hypotheses. 

The production of cold is a curious and interesting branch of physical inquiry. A 
few general laws may be distinctly named. 

If a solid body suddenly liquefies, without the application of external heat, it abstracts 
from the surrounding bodies the heat necessary for its liquefaction. 

When a salt is dissolved in water cold is produced. ^ 

If a liquid vaporises, the vapour is produced at the expense of the heaf of some 
neighbouring body. 

When spirits or wine, or ether, is thrown on the body, a sensation of coldness is 
produced from the liquids vaporising by robbing the body otaeat 

By placing water in a porous vessel, and exposing it to the sun, it becomes very cold. 
The solar heat-rays occasion a rapid evaporation of the water which has filtered through 
the pores of the vessel, and some heat is taken by the process from the fluid in the 
interior. 

If air is allowed suddenly to expand, it takes heat from the surrounding bodies, or 
produces cold. 

The most fhmiliar method of producing intense cold is by means of freezing mixtures. 
A great number of those were invented by Mr. Walker ; the principal results are con- 
tained in the following tables: — 

L — Table, consisting of Frigorific Mixtures, having the power of generating or 
creating cold without the aid of ice, sufficient for all useful and philosophical purposes, 
in any part of the world at any season. 


Frigorffic Mixtures without Ice. 


MIXTURES. 

Thermometer sinks. 

Deg. of cold 
prod uccd. 

Nitrate of ammonia 
Water 


1 part 

1 

From + 50° to + 4° 

46° 

Muriate of ammouia 
Nitrate of potash 
Water 


5 parts 

5 

16 

From + A0° to + 10° 

40 

Muriate of ammonia 
Nitrate of potash 
Sulphate of soda 
Water 


A parts 

5 

8 

16 

From + 50° to + 4° 

46 

Sulphate of soda 
Diluted nitric acid 


3 parts 

2 

From + 50° to — 3° 

53 

Nitrate of ammonia 
Carbonate of soda 
Water 


1 part 

1 

l 

FroA + 50° to — 7° 

57 

Phosphate of soda 
Dilute nitric acid 


9 parts 

4 

From + 50° to — 12° 

62 

Sulphate of soda 
Hydrochloric? acid 


8 parts 
5 

From + A0° to 0° 

50 

Sulphate of soda 
Dilute sulphuric acid 


5 parts 

4 

From + 50° to + 3° 

47 

Sulphate of sqda 
Muriate of ammonia 
Nitrate of potash 
Dilute nitric acid 


6 parts 

4 

2 

4 

From + 50° to —10° 

60 



6 parts 

A 

4 

From + 50° to — 14° 

m 
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II. — Table consisting of Frigoriilc Mixtures, composed of ice, with chemical salts 
and acids. $ 


Frigorific Mixtures with Ice . 


MIXTURES. 

Thermometer links. 

Dor. of cold 
produced. 

SiMlSBM 

H 

jVgjgj 

If 

to— 5° 

• 

Snow, or pounded ice 
Muriate of soda - 
Muriate of ammonia - 


1 ports 

2 

1 


to- 12° 

* 

Snow, or pounded ice 
Muriate of soda 

Muriate of ammonia - 
Nitrate of potash 


24 parts 
10 

5 

5 

I 

s’ 

1 

to- 18° 

* 


a 


1 

L to— 25° 

* 

8now - 

Dilute sulphuric acid 


3 parts 

2 

From + 32° to - 23° 

55 

Snow - 

Muriatic acid - 


8 purts 

5 

From + 32° to — 27° 

59 

Snow - 

Dilute nitric acid 


7 parts 

4 

From + 32° to - 30° 

G2 

Snow ... 

Muriate of lime 


4 parts 

5 

From + 32° to _ 40 o 

72 

Snow - - - 

Cryst muriate of lime 


2 parts 

3 

From + 32° to - f.0° 

82 

Snow - 

Potash - 


3 parts 

4 

From + 32° to - 51° 

83 


N. B. — The reason for the omissions in the last column of the preceding table is, 
the thermometer sinking in these mixtures to the degree mentioned in the preceding 
column, and never lower, whatever may be the temperature of the materials at mixing. 

To produce these results in a satisfactory manner, it is necessary to cool previously 
to the experiments, the vessels in which the mixtures are made. 

The most intense cold that is as yet known is that from the evaporation of a mixture 
of solid carbonic acid and sulphuric ether, by which a temperature of 16G° Falir. 
below the freezing point of water is produced. By means of this intense cold, assisted 
by mechanical pressure several of the gaseous bodies have been condensed into liquids, 
and in some instances solidified. 

Sir John Herschel, some years since, recommended the following method for obtain- 
ing at moderate cost large quantities of ice. 

A steam engine boiler was to be sunk into the earth, and the quantity of water 
which it was desired to freeze placed in it By means of a condensing pump, several 
atmospheres of air were forced into the boiler, and then everything was allowed to 
remain for a night, or until the whole had acquired the temperature of the surround- 
ing earth. Then, by opening a stop cock, the air expanding escaped with much violence, 
and the water being robbed of its heat to supply the expanding air, the temperature 
of the whole was so reduced, that a mass of ice was the result 

The following process for producing cold lias been patented and exhibited in this 
country. 

In a reservoir, or what may with propriety be called a boiler, was placed a quantity 
of sulphuric ether. This reservoir was placed in a long vessel of sjline water, this 
fluid by the arrangement being made to flow from one end of the trough to the other, 
that is to and from the reservoir. In this water was placed a number of vessels, the 
depth and breadth of the trough, but of only two inches in width, and thes e were 
filled with the water to be frozen. 

A steam engine was employed to pump the air from the reservoir ; this being done, 
of course the ether boiled, and the vapour of the ether was removed by the engine as 
fast as it was formed. The heat required to vaporise the ether wbb derived from the 
aifcine water in the trough, and this again took the heat from the water in the cells; 
thus eventually every cell of water was converted into ice. The ether was, after it 
had passed through the engine, condensed by a refrigeratory of the ordinary kind. 
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The statement made by the patentee was very satisfactory, as it regarded the cost of 
production. An apparatus of this kind is of course intended for hot countries only, 
where ice becomes atfually one of the necessaries of life. 

A peculiar physical fact connected with the freezing of water has been made avail- 
able to some important uses. Water in freezing really rejects everything it may 
contain — even air, and lienee solid ice is actually jmre water. This may be easily 
proved. Make a good freezing mixture, and place some water in a flask, and while 
it is undergoing consolidation by being placed in the frigorific compound, gently 
agitate it with a feather. Now, if the water contains spirit, acid, salt, or colouring 
matter, cither of them are alike rejected, and the solid obtained, when washed from 
the mutter adhering to its surface, is absolutely pure solid water. 

This philosophic fact, although it has only been subjected to examination within 
the last few years, has beeu long known. 

llyron, in his 13th canto of Don Juan, has the following allusion to it : — 

“ I'll have another figure in a trice ; 

What nay you to a bottle of chauipugnc ? 

Froieii into a veiy vinous Ice, 

Which leaves few drops of that immortal rain, 

Tel in the very centre, past all price. 

At Hint a liquid plasuful will remain; 

And this is stronger than the strongest grape 
Could e'er express in its expanded shape.” 

The old nobles of Russia, when they desired a more intoxicating drink than usual, 
placed their wincH or spirit in tlic ice of their frozen rivers, until all the aqueous 
portion was frozen ; when they drank the anient fluid accumulated in Lite centre. 
This plau lias been employed also for concentrating lemon juice and the like. 

The manufacture of ice by machinery is one of the many interesting applications 
of science, and this lias now become a practical trade. In 1851 M. Reset of Rouen, 
volatilized hllier in a close vessel by exhausting the air from its surface. After the 
air, the ether vapour itself was exhausted by a pump, then condensed by the aid of 
cold water, and forced back into the same vessel, by which a continual absorption of 
caloric from the surrounding bodies was effected, and u continual refrigeration ob- 
tained as long as the circulation of ether was kept up by working the pump. 

Harrison's ice-making machine, and its improved form by Mr. Siebe, is a particular 
application of the exhausting air-pump; the working of the process is as follows: 

A quantity of sulphuric ether, contained in a close vessel surrounded by a current of 
salt water, is made to pass rapidly into a state of vapour by the action of «i large air- 
pump driven by steam power; the necessary amount of heat requisite to eff-ct this 
change in the ether is abstracted from the surrounding salt-water casing, which is 
thus cooled to a temperature below the freezing-point of water, and is then made to 
circulate through a box, containing the water to be frozen, in tin moulds arranged on a 
travelling frame, which moves in a direction contrary to the refrigerating current. 
The ether vapour removed at every stroke of the pump is passed over to a condenser, 
where it rcassumes the liqnid form, and is returned to the evaporating vessel. 

It will be seen that the principle in the machines of Harrison, Rezet, and Sicbc is 
the same. The machine invented by M. Carre appears to be much more effective. 

Messrs. Carre and Co.’s ice-making machines are of two kinds, one being con- 
tinuous, and the other intermittent in action ; but the principle involved is the same 
in both cases, viz., the production of cold by the volatilization of a gas which is easily 
liquefiable, and, at the Rome time, iu a high degree soluble in water. The smaller, 
or intermittent apparatus consists essentially of a pair of distilling and condensing 
vessels, united together by an air-tight joint, and. capable of resisting an internal 
pressure of 150 lbs. to the square inch. The distilling vessel is filled with a watery 
solution of ammonia, at the maximum point of saturation. By the application of 
heat, the animouiacal gus is driven off, and passes over into the receiver or con- 
densing vessel, where it is soon liquefied by the constantly increasing pressure of the 
gus given off by the watery solution, a pressure of 97 lbs. to the square inch being 
sufficient to effect the liqnefaction of the gas, when the temperature of the vapour 
does not exceed 50° Fahr. When the condenser is filled with pure fluid ammonia, 
the distilling vessel is removed from the fire, and is immersed in a vessel of water 
at the ordinary temperature of the uir. By this means the water remaining in the 
distilling vcrsc> is slightly cooled, and it immediately redissolves the column of 
ammoniacal gas standing above it, a vacuum is formed, and the liquefied gas imme- 
diately begin! to distil back and redissolve. The heat necessary to effect this 
redistillation is abstracted from the water to be frozen, which is contained ii^ a 
cylindrical mould, placed in the internal tube of the annular, condensing vessel. 
The time required for producing 1 lb. of ice in the smallest size of the portable 
apparatus is 55 minutes: 25 minutes being required for the preliminary, and 
Vol. II. D D 
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30 initiates for the reverse distillation ; it is during the latter period that the ice 
is produced. About four pounds of ice are produced for every pound of fuel 
consumed in the preliminary distillation. 

The continuous apparatus is more complicated in construction ; it consists of a 
boiler or distilling vessel, with the addition of a rectifier, formed of a series of 
horiiontal tubes in which the gas is freed from the last trace of water by a current 
of weak ammonia water circulating in the opposite direction. From the rectifier the 
gas passes tq a serpentine tube, forming part of the boiler, and thence into the 
condenser, a scries of tubes cooled by a current of water to 60° Fahr. Here the gas 
is liquefied, and is driven over by the pressure in the boiler into a regulator, from 
which it passes into the freezing vessel, also formed of a series of spiral tubes, which 
arc surrounded by a solution of chloride of calcium ; the moulds containing the 
water to be frozen are placed in a vibrating frame, in order to caufte the ice to form 
more rapidly. The return current of ammoiiiacal gas from the freezing vessel is 
passed over by on exhausting pump into u receiver, where it is relissolved in the 
spent water drawn from the boiler. The ice produced in the continuous apparatus 
values between eight und fifteen times the weight of the fuel consumed : about a 
gallon of condensing water is required for every pound of ice produced. For some 
further matters connected with this peculiar condition, see Watku. 

FRENCH BERRIES. The berries of the lihuumu# cathartic us, and other species 
of the Buckthorn. The true French berries, which should be four-Beeded, belong 
to the first named ; all the two- seeded berries are obtained from other and inferior 
kinds. 

FRENCH CHALK. A steatite ; a soft magnesium mineral. 

FRENCH I'OLISII. There are numerous methods given for the preparation of 
this polish ; one of the best is probably tbe following : 1 J lbs. of Bhell lac dissolved in 
a gallon of spirits of wine without heat. Another recipe is 12 ounces of shell lac, 
2 ounces of gum elemi, and 3 ounces of copal to 1 gallon of spirits of wine. 

FRENCH PURPLE. Amongst the most important of the recent improvements in 
the preparation of colouring matter from the lichens may he mentioned the preliminary 
extraction of the colouring acids of the lichens by digestion with an alkali (potash or 
lime) and the subsequent precipitation of these acids, whereby they are completely 
separated from the woody matters and other impurities. Dr. S tollhouse, to whom 
this valuable suggestion is due, recommends manufacturers to macerate the lichens 
on the spot with milk of lime, and then to precipitate the clear solution bv means of 
an acid such as hydrochloric, or acetic acid, whereby the colour-yielding acids are 
separated. By subjecting these acids, more or less pure, to the action of air and 
ammonia, products are obtained not only free from woody fihie, but exhibiting 
brighter and deeper colours, not to speak of the economy and facility of manipu- 
lating a much smaller bulk of material during the most important sta«*e of the 
manufacture. n 


Archil prepared by the usual methods, notwithstanding its fine colour, has the 
defect of being extremely liable to change by the action of acids and alkalis, and of 
easily deteriorating in colour wheu applied to silk, wool, or auinmlized cotton. 
Recently, however, a new kind of archil has been prepared, under the name of 
French I tuple, distinguished in the first place by its very pure mauve or dahlia 
colour, and, secondly, by being much faster than cominou archil, and Jess sensitive 
to the action of acids. 

This beautiful colour has been introduced and is chiefly manufactured by MM 
Guinon, Marsas, and Bonnet, of Lyons. It is prepared as follows s— The lecunoric’ 
erythic, eyernic acid^&c. of die lichens are extracted by digestion with ammonia : 
the mass is pressed, die solution precipitated by a mineral acid, and the precipitate 

fc’-SS red,S8oIved “ “>““«»» by the aid of heat, whereby a solution 

is obtained which, on exposure to the air at a temperature of 19° or 20° C 
gradually assumes a very bright red colour. As soon as the* tint has admired 
sufficient intensity the liquid is introduced into shallow basins and vcrv^slowlv 
evaporated at a temperature between 40° anti 60° C„ care being taikdb not to exceed 
the latter limit By this evaporation in contact with the air the liquid nfter a few 
days acquires a very deep violet colour which undergoes no further change even 
by the action of acids. The violet solution, super-saturated with a Rtmne nnid 
ywlds a copious flocculont precipitate of a very fine and rich gum * colou/which 
Frach^n^pto ^ * mter ’ 8114 T “ hed 40 rem0Te tbe saUnp m °ther liquid, constitutes 

The dye thus prepared has not, however, attained the highest degree of beantv and 
purity of which it is susceptible. When used directly for dyeing wool or silk ffor 

siinnl' 5 n T i t . docs “ ot . rc 1 uire *0 “ id of mordants, the colouring matter bring 
simply dissolved in ammonia, and the solution diluted with the proner auanlitv of 
water), it lirfports to them a violet colour having a reddish oust. ^ ^ 
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To obtain the dye in a state of greater purity it is converted into a lime or 
alumina lake. For this purpose the ammoniacal solution is precipitated with 
chloride of calciuift or with alum ; the red colouring matter then remains almost 
wholly in solution, and the lakes are collected, carefully washed with cold water, 
and dried at a gentle heat They then present a violet or bluish aspect, and acquire 
a coppery lustre by friction. 

French purple is generally sent into the market in the form of lime lake. To 
render it available for dyeing, the lake is decomposed and the colouring matter set 
free. For this purpose the lake is reduced to an impalpable pow&er, which is 
boiled with oxalic acid to separate the lime, and the colouring matter then dissolved 
out by ammonia. The lake may also be directly decomposed by boiling it with 
carbonate of ammonium. For printing, the lake is dissolved in acetic acid, and the 
solution mixed with alcohol and thickened. 

In this manner, very fiue and pure mauve aud dahlia tints are obtained, especially 
on silk, without the use of mordants, properly so-called. French purple, moreover, 
mixes easily with other colouring matters, such as ultramarine, indigo, carmine, 
cochineal, aniline red, &c., producing the most varied and delicate tints. » • 

Recently, however, the manufacture of French purple has been greatly diminished 
in importance by the formidable competition of the coal-tar purple. The upshot of 
this struggle will depend ou the relative beauty aud purity % f the tints obtained, aud 
on their comparative costs: for, so far as regards fastness and resistance to the 
influence of light, French purple is certainly superior to aniline purple. See 
Watt's “ Dictionary of Chemistry.” 

FRENCH TUB. A dyer’s term for a mixture of protochloride of tin and logwood, 
called also “ plum tub.” 

FRICTION. The resistance to motion which depends on the structure of the 
surfaces in contact. Friction is usually divided into two kinds : sliding friction and 
rolling friction. The questions involved in the consideration of friction are purely 
engineering, and cannot therefore he treated here. One very important clement may, 
however, be named, as showing the importance of exact science in connect ion w ; tli 
the improvements in mechanics. By friction heat is evolved. It is found by accurate 
experiment, tliat the quantity of hoot evob'ed i* exactly sufficient to rrprotlucc the effiut 
caused in overcoming the friction. — Joule and Thomson. 

FRIEZE. (FWse, Fr. ; Frisa % 8p.) The nap on woollen cloth ; lienee it is applied 
to a course kind of woollen cloth or stuff with a nap on one side. See Baizk. 

FRIT. See Enamkl and Glass. 

FRITTING. It was formerly the practice in glass-making to heat the glass 
mixture to such an extent that an incipient fusion, or caking together, commenced, 
during which the silica began to act upon the bases, the carbonic acid was partially 
expelled, and a frit was produced. The Schmclz of the Austrian and Bohemian 
glass houses is a true frit y or au imperfectly melted mixture, composed of lixiviated 
ashes and sand. See Glass. 

FUCIIS1NE. See Aniijnio Rki>. 

FUCUS. See Alcue. In the Fucus serratus and ceramoidcs silver has been de- 
tected, Malaga to has stated to the extent of 7lll J 1Il7l , in the ashes of these plants. It 
has also been stated that these and some other plants contain lead and copper. 

FUD, or WOOLLEN WASTE, is the refuse of the new wool taken out in the 
scribbling process, and is mixed with the mungo for use. See Mongo. 

FUEL. ( Combustible , Fr. ; Brcnnstoff, Germ.) Such combustibles as arc used for 
fires or furnaces. Wood, Turf, Coal, are familiar examples. Fuels differ in their 
nature, and in their power of giving heat; it is therefore of much importance to 
ascertain the heat-giving power. Numerous Excellent experiments have been 
made for the purpose of determining with cxactuess the heating values of fuels of 
different kinds. Lavoisier and Laplace, in an extensive examination carried out by 
them, used the well kuown Calorimeter , that is, they determined the value of the 
heat by the quantity of ice melted in a given time. Count Bmnford subsequently 
measured the ^quantity of heat by the increase of temperature in a given quantity ot 
water. The quantity of beat which will melt 1 lb. of ice at 0° Cent being just 
sullicient, according to Laplace, to raise the temperature of a pound of water to 
76° Cent or, according to the experiments of Uegunult, to 7 1 .* 0 Cent. Clement and 
Desormes hav? also shown, that an equal weight of aqueous vapour, whatever 
may be its temperature and tension, is always produced by one and the same amount 
of heat • , , „ , 

As far as we can within the limits of the present work, we shall endeavour to 
present a full practical view of the subject giving each class of fuels under taeir 
several heads. _ , . . 

I. Wood, which is divided into hard and soft To the former belong the oak, 

J> D 2 
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the beech, the alder, the birch, and the elm ; to the latter, the fir, the pine of different 
aorta, the larch, the linden, the willow, and the poplar. 

Under like dryness and weight, different woods are found to afford very different 
degrees of heut and combustion. Moisture diminishes the heating power in three 
ways : by diminishing the relative weight of the ligneous matter, by wasting hea^in 
its evaporation, and by causing slow and imperfect combustion. If a piece of wood 
contain, for example, 25 per cent of water, then it contains only 75 per cent of fuel, 
and the evn{K>ration of that water will require jg part of the weight of the wood. 
Hence the dump wood ia of less value in combustion by ^ or } than the dry. The 
quantity of moisture in newly felled wood amounts to from 20 to 50 per cent. ; birch 
contains 30, oak 35, beech and pine 39, alder, 41, fir 45. According to their different 
natures, woods which have been felled and deft for 12 months contain still from 20 to 
25 per cent of water. There is never leas than 10 per cent present even when it 
has been kept long in a dry place, and though it be dried in a strong heat it will after- 
wards absorb 10 or 12 per cent of water. If it be too strongly kiln dried, its heating 
powers are impaired by the commencement of carbonisation, as if some of its hydrogen 
wcrcMcstmycd. 

The following table, compiled from the researches of Count Bnmford, will place 
these points clearly before us. 




One pound of the following wootli 
when burnt will heat : 

Pounds of water from 0° to 100° Cent. 

Ordinary condition. 

Slightly dried. 

Strongly dried. 

Lime tree 


_ 



34-708 

38-833 

40-131 

Beech 





33-798 

- - 

36746 

Elin 





30*205 

- - 

34-083 

Oak . 





25-590 

29-210 

29-838 

Ash - 





30-C6C 

33720 

35-449 

Sycamore 





- 

- - 

361 17 

Fir 


_ 



30-322 

34-000 

37-379 

Poplar 


- 



34*601 

• 

37*161 


From every combustible the heat is diffused either by radiation or by direct communi- 
cation to bodies in contact with the flame. In a wood fire the quantity of radiating heat 
is, to that diffused by the air, as 1 to 3 ; or it is one fourth of the whole heating power. 

IT. Charcoal . — The different charcoals afford, under equal weights, equal quantities 
of heat We may reckon, upon an average, that a pound of dry charcoal is capable of 
heating 75 pounds of water from the freezing to the boiling point; but when it has 
been for some time exposed to the air, it contains at least 10 per cent of water, which 
is partially decomposed in the combustion into carbnrettcd hydrogen, which causes 
flame, whereas pure dry charcoal emits noue. 

Winkler gives the following as the results obtained by him with charcoal from various 
sources : 


1 


■ 


Air required for per 


Pounds of lead reduced 

i Charcoal from : 






■ 


feet combustion. 


by 1 pound of charcoal. 

Poplar 







33*56 

Sycamore 


- 

* 



33*23 

Fir - 



i 




33*51 

Ash - 
Birch 




On an average 
75*7. 

On an average 
293-5 cubic feet < 


33*23 

33*71 

Oak - 



I 

at 19° Cent. 


33*74 

Elm - 



1 




* 33*26 

Willow 



1 




33*49 

Pine - 



y 



L 

33*53 


A cubic foot of charcoal from soft wood weighs upon an average frof.i 8 to 9 pounds, 
and from hard wood 12 to 13 pounds ; and hence the latter is best adapted to main- 
tain a high heat in a small compass. The radiating heat from charcoal fires consti- 
tutes one third of the whole emitted. 

III. Turf or peat, — One pound of this fhel will heat according to its quality, from 
18 to 42 pounds of water from freezing to boiling. Its value depends upon its com- 
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pactness and freedom from earthy particles \ and its radiating power is to the whole 
neat it emits in burning as 1 to 8. 

According to Berthier, the following results were obtained from peat : — 

» Source of the Feat. Found* or water heated by 1 pound 

of peat from 0° to lOCJO Ccut. 

From Troyes 18*1 

M department de la Somme .... 27 9* 

„ „ de la Marne .... 29*2 

„ „ de la Vosges .... 34*9 

„ n des Landes - 34*6 

Winkler gives 26*9 as the evaporative power of the worst Hanoverian peat, and 
42*6 as that of the Itest. 

Pent obtained from the Bog of Allen gave, according to Griffith (the discrepancies 
between the results we do not understand) : — 

Founds of water heataWhm^ 

0° to 100® Cent. 

Upper peat ------- 62*7 

Ix>wcr peat • - - - - - - 56*6 

Pressed peat ------- 28*0 

IV. Coal . — The varieties of coal are almost indefinite, and give out very various 
quantities of beat in their combustion. The carbon jb the heat- giving constituent, 
and it amounts, in diffident coals, to from 76 to 95 per cent. One pound of good coal 
will, upon an average, heat 60 pounds of water from the freezing to the boiling point. 
Small coal gives out three-fourths of the heat of the larger lumps. The radiating heat 
emitted by burning pitcoal is greater than that by charcoal. 

V. The coke of coat. — The heating power of good coke is to that of pitcoal us 75 
to 69. One pound of the former will lieat 65 pounds of water from 32° to 212° ; so 
that its power is equal to nine-tenths of that of wood charcoal 

Berthier gives as the results of his trials : — 

Founds of water heated by 1 pound 
of coal from (P to 1U0 C. 


Dowlais coal ------ 72-0 

Glamorgan - - • - - - 70-7 

Newcastle ------- 70*0 

Derbyshire - - - - - -61 6 

Lancashire (canncl) ..... 53-2 

Durham ------- 71*6 

Coke (St. Etienne) ..... 6;V6 

Do. gas from Paris ----- 50*3 


VT. Carhuretted hydrogen or coal ga*. — One pound of this gas, eqnal to alauit 24 
cubic feet, disengages iu burning as mnch heat as will raise 76 ponnds of water from 
the freezing to the boiling temperature. 

In the following table the fourth column contains the weight of atmospherical air, 
whose oxygen is required for the complete combustion of a pound of each particular 
substance. 


Species of combustible. 

Founds of water 
which a pound can 
heat (tom 0° to 312°. 

Founds of boiling 
water evaporated by 
1 |xiund. 

Weight of atmospheric 
air at 32°, to burn 

1 pound. 

Perfectly dry wood 

35*00 

6*36 

6-96 

Wood in its ordinary state 

26*00 

4*72 

4*47 

Wood charcoal 

73*00 

13*27 

11*46 

Pitcoal - - - - 

60*00 

10*90 

9*26 

Coke - - 

65*00 

11*81 

11*46 

Turf - 

30*00 

5*45 

4*60 

Turf charcoal 

64*00 

11*63 

9*86 

Carhuretted hydrogen gas 
Oil 1 . 

76*00 

13*81 

14*58 

Wax l . - . 

Tallow J • 

78 00 

14*18 

15*00 

Alcohol of the shops 

52*60 j 

9*56 

11*60 

• 


The quantity of air stated in the fourth column, is the smallest possible required to 
burn the combustible, and is greatly less than would be necessary in practice, where 
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mnch of the air never comes into contact with the burning body, and where it con- 
sequently never has its whole oxygen consumed. The heating power stated in the 
second column is also the maximum effect, and can seldom be realised with ordmury 
boilers. Thu draught of air usually carricB off at least 1 of the heat, and more if its 
tenqieniture be very high when it leaves tho vessel. In tuis case it may amount to tuns 
half of the whole heut, or more ; without reckoning the loss by radiation and conduction, 
which however may be rendered very small by enclosing the fire and Hues within 
proper non-conducting und non-radiating materials. 

It upixMrs that, in practice, the quantity of heat which may ho obtained from any 
eombustii-le in a properly mounted up]wrutiu, must vary with the nature of the object to 
lie heated. In heating chambers by stoves, and water boilers by furnaces, the effluent 
heat in the chimney, which constitutes the principal waste, may be reduced to a very 
moderate quantity, in comparison of that which cscupes from the best constructed 
reverberatory hearth. In heating the boilers of steam engines, one pound of coal is 
reckoned adequate to convert 7^ pounds of boiling water into vapour ; or to heat 41} 
pi minis water from the freezing to the boiling point. One pound of lir of the usual 
dryness will evaporate 4 pounds of water, or heat 22 pounds to the boiling temperature ; 
which is about two-thirds of the maximum effect of this combustible. According to 
Watt's ex perinienls upon the great scale, one pound of coal cun boil off with the best 
built boiler, 9 pounds of water; the deficiency from the maximum effect being hero 

or nearly one sixth. See the Table* at the end of this article . 

In many eases the hot air which passes into the fines or chimneys may be bene- 
ficially applied to tin* heating, dry ing, or roasting of objects ; but care ought to he taken 
that the draught of ilie fire lie not thereby impaired, und an imperfect combustion of 
the fuel produced. For. at a low smothering temperature, both carbonic oxide and 
carliurcficd hydrogen may be generated from coal, without the production of much 
hear in the iircplucc. 

To determine exactly the quantity of heat disengaged by any combustible in the act 
of burning, three different systems of apparatus have been employed : 1, the calori- 
meter of Lavoisier and Laplace, in which the substance is burned in the centre of a 
vessel whose walls are lined with ice, and the amount of ice melted measures the 
heat evolved; 2, the calorimeter of Watt and Itumford, in which the degree of heat 
communicated to a given bod} ol* water allords the measure of temperature ; and by 
tile quantity of water evalu ated by different kinds of fuel in similar circumstances. 

Thu first and most celebrated, though probably not the most accurate apparatus for 
measuring the quantity of heut transferable from a hotter to a colder body, was the 
calorimeter of Lavoisier and Laplace. It consisted of three concentric cylinders of tin 
plate, placed at certain distances asunder ; the two outer interstitial spaces being filled 
with ice, while the innermost cylinder received the liot body, the subject of experiment. 
The quantity of water discharged from the middle space by the melting of the ice in it, 
hcrvid to measure the quantity of heat given out by the liody in the central cylinder. 
A simpler and better instrument on this principle wuuld be a hollow cylinder of ice of 
proper thickness, into whose interior the hot body would be introduced, and which 
would indicate by the quantity of water found melted within it the quantity of heat 
absorbed by the ice. lu this ease the errors occssioned by the retention of water among 
the fragments of ice packed into the eyliiulriu ceil of the tin calorimeter, would he 
avoided. One pound of water at 172° Fnlir., introduced iuto the hollow cylinder 
‘h scribed, w ill melt exactly one pound of ice ; mid one pound of oil heated to 172" will 
melt half a pound. 

The method of rvfrhjv.ratam , com rived at first by Meyer, has been in modern times 
brought to great perfection by Dmong and IV tit. It rests on the principle, that two 
surfaces of like size, and of eijual radiating force, lose in like times the same quantity 
of heat when they are at the same tcnqieratiire. SupjHise, for example, lhat a vessel of 
polished silver, of small size, and very thin in the metal, is successively filled with dif- 
ferent pulverised substances, and that it is allowed to cool from the w elevation of 
temperature ; the quantities of heat lost in tV first instant of cooling will be always 
equal to each other ; and if for one ol the substances, the velocity of cooling is double 
of i Imt for another, we may conclude that its capacity for heat is one half, when its 
weight is the same; since by losing the same quantity of heat, it sinks in temperature 
double the number of degrees. 

The method of mixtuiv* In this method two bodies are always employed ; a hot 

body, which becomes cool, and a cold Inidy, which becomes liot, iu such manner that all 
the caloric which goes out of the former is expended in heating the latter. Suppose 
f<~* example, that we pour a j ound of quicksilver at 212° F., into a pound of water at 
32°; the quicksilver will cool and the water will heat, till the mixture by stirring ac- 
quires a common temperature. If this temperature was 122°, the water and mercury 
*ould have 1 equal capacities, since the same quantity of heat would produce iu an equal 
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mass of these two Bubstances equal changes of temperature, viz., an elevation of 90° in 
the water and a depression of 90° in the mercury. But in reality, the mixture is found 
to have a temperature of only 37 J°, showing that while the mercury loses 174j° the 
water gains only 5j° ; two numbers in the ratio of about 32 to 1 ; whence it is concluded, 
that the capacity of mercury is X of that of water. Corrections must be made for the 
influence of the vessel and for the heat dissipated during the time of the experiment. 

If our object be to ascertain the relative heating powers of different kinds of fuel, we 
need not care so much about the total waste of heat in the experiments, provided ir he 
the lame in all ; and therefore they should be burned in the same furnuce, and in the 
same way. But the more economically the heat is applied, the greater certainty will 

there he in the resalts. The apparatus,/^. 882, 
is simple and well adapted to make such com- 
parative trials of fuel. The little furnuce is 
covered at top, and transmits its burned air by r, 
through a spiral tube immersed in a cistern of 
water, having a thermometer inserted iuar its 
top, and another near its bottom, intti^itfte side 
orifices, a «, w hile the effluent air escapes from 
the upright cud of the tube A. 1 ierc also a ther- 
mometer bulb may be •placed. The average in- 
dication of the two thermometers gives the mean 
temperature of the water. As the water evajK)- 
rates from the cistern, it is supplied from a vessel 
placed alongide of it. The experiment should 
lie liegun when the furnace has acquired an 
equability of temperature. A throttle valve at «? serves to lvgularc tin* draught, and 
to equalise it in the different experiments by means of the temperature of the effluent 
air. When the water has Ikxmi heated the given number of degrees, w hich should he 
the same ill the different experiments, the fire may Ik* extinguish** l, tin; remaining fuel 
weighed, and compared with the original quantity, ('are should he taken to make i lie 
combustion as vivid and free from smoke as possible. 

The following calorimeter, founded upon the same principle as that of Count Bum- 
ford, bnt with certain improvements, may Ik* considered as an equally correct instru- 
ment for measuring heat with any of the preceding, hut one of much more general 
application, since it can determine the quantity of beat disengaged in combustion, as 
well as the latent heat of 6lcam and other vapours. 

It consists of a large copper bath, (Jig, «S3), capable of holding loo gallons of 




water. It is traversed four times, backwards and forwards, in fonr different levels, 
by a zig-zag horizontal flue or flat pipe */, r, nine inches broud and one deep, ending 
below in a round pipe at c, which passes through the bottom of the coppi»r bathe,/, 
and receives there into it the top of a small black lend furnace A. ^ The mnennost 
crucible contains the fuel. It is surrounded nt the distance ot one inch by a second 
crucible, which is enclosed at the same time by the bides of the outermost furnace * 
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the strata of stagnant air between the crucibles serving to prevent the heat from being 
dissipated into the atmosphere round the body of the furnace. A* pipe a, from a pair 
of cylinder double bellows, enters the ash-pit of the furnace at one side, and supplies 
a steady but gentle blast, to carry on the combustion, kindled at first by half an ouuee 
of red-liot charcoal So completely is the heat which is disengaged by the burning 
fuel absorlH-d by the water in the bath, that the air discharged at the top orifice g has 
usually the same temperature as the atmosphere. 

The vessel ‘is made of copper, weighing two pounds per square foot; it is 5£ feet 
long, l£ wide, 2 deep, with a bottom 5J feet long, and 1$ broad, upon an average. 
Including the zig-zag tin plate flue, and a rim of wrought iron, it weighs altogether 
85 pounds. Since the specific heat of copper is to that of water as 1)4 to 1,000, the 
sjK.'t'ific heat of the vessel is equal to that of 8 pounds of water, for which, therefore, 
the exact correction is mode by leaving 8 pounds of water out of the GOO or 1,000 
pounds used in each experiment 

In the experiments made with former calorimeters of this kind, the combustion was 
mainlined by the current or draft of a chimney open at bottom, which carried off at 
the top orifice of the flue a variable quantity of heut, very diflicult to estimate. 

"When the object is to determine the latent heat of steam and other vapours, they 
may he introduced through a tube into the top orifice y, the latent heat being deduced 
from the elevation of lenqienituru in the water of the hath, and the volume of vapour 
expended from the quantity of liquid discharged into a measure glass from the bottom 
outlet c*. In this case, the l'uruaec is of course removed. 

The heating power of the fuel is measured by the number of degrees of temperature 
which the combustion of one pound of it, raises GOO or 1,000 pounds of water in the 
hath, — the copper substance of the vessel being taken into account. 

It must be borne in mind that a coal which gives off much unhurnt carlmretted hy- 
drogen gas does not afford so much lieut, siucc in the production of the gas a great 
deni of heat is carried off in the latent stale. 

The economy of fuel, as exhibited in the celebrated pumping engines of Cornwall, 
will be dealt with under the proper head. See Steam Engine. And in reference to 
the ordinary uses of fuel for domestic and other purposes, see Stoves. 

Patent Fuel. Under this name a great many attempts have been made to utilise 
va-te material. In countries where charcoal is abundant charcoal dust mixed with 
pitch has been employed, and attempts have been made to utilise the immense quantities 
of saw-dust produced in the north of Europe, by mixing it with clay and tar. Passing 
over the several kinds of artificial fuel which have been made on the continent, the 
productions of this character made in this country must Ik.* described. 

Wylum's patent fuel is small coal and pitch mould* cl together into bricks by pressure. 
The pitch is obtained by the distillation of coal tar from which uaphthn and a peculiar 
oil arc separated, leaving the pitch. This pitch in ground fine aud mixed with small 
coal, and in this state it is passed, by a very ingenious application of the Archimedean 
screw, through a retort maintained at a dull red heat, by which it is softened for 
being moulded, which is effected by a kind of brick-making machine under enormous 
pressure, 

Wnrlich's potent fuel is similar in character, hut he adds a little common salt or 
alum to prevent the evolution of too much smoke, and the fuel hrieks are subjected to 
a temperature of 4(H) 0 F. for eight hours, by which the more volatile coustituents are 
driveu off. 

Wood's fuel is prepared by mixing small coke or coal in a heated state with tar or 
pitch in a common pug-mill, alter which it iH moulded in the ordinury manner. 

llesseincr'B process consists merery in exposing coal-dust to a temperature of G00° 
F. By this the bituminous matter of the coal becomeB softened, and the whole can be 
pressed into a firm block. 

Grant’s patent. This fuel is composed of coal-dust and coal-tar pitch ; these mate- 
rials are mixed together, under the influence of heat, in the following proportions: 

20 lbs. of pitch to 1 cwt of coul-duRt, by nppr priate machinery, cornu ting of crush- 
ing-rollers for breaking the coal in the first instance sufficiently small so that it may 
pass through a screen, the meshes of which do not exceed a quarter of an inch asunder; 
2 udl 3 ’, of mixing-pans or cylinders, heated to the temperature of 220°, either by steum 
or heated air ; and, 3rdly, of moulding machines, by which the fuel is compressed, 
under a pressure equal to five tons, into the size* of a common brick; the fuel bricks 
are then whitewashed, which prevents their sticking together, eithci* in the coal 
hunkers or in hot climates. The advantages of these artificial fuels over coal may ho 
stated to consist, first, in its efficacy in generating steam ; secondly, it occupies less 
space; that is to say, 500 tons of it may be stowed in au area which will contain only 
400 tons of coal; thirdly, it is used with much greater ease by the stokers or firemen 
tliau coal, and it creates little or no dirt or dust, considerations of some importance 
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tv lien the delicate machinery of a steam-engine is considered ; fourthly, it produces a 
very small proportion of clinkers, and thus it is far less liable to cliokc and destroy 
the furnace bars and boilers tlian coal ; fifthly, the ignition is bo complete that com- 
paratively little smoke, and only a small quantity of ashes, are produced by it ; sixthly, 
from the mixture of the patent fuel, and the manner of its manufacture, it is not liable 
to enter into spontaneous ignition. 

A great many other persons have either patented processes for the preparation of 
artificial fuel, or published suggestions. These arc so nearly alike that a few of them 
only require any notice. 

Cobbold agitates peat in water to separate the earthy matter, and then allows the 
peat to subside, and consolidates it. 

Godwin makes brick of mud or clay with pitch or coal. 

Oram employs tar, coals, and mnd. 

Hill takes the rcsidnary matter after the distillation of peat, and mixes it with pitch. 

Holland inixeSlime or cement with tar and small coals. 

Rausome cements small coal together by a solution of silicate of soda. 

From the Admiralty Coal Inquiry’s Report wo obtain the foliowring analyses of 
several of the more important artificial fuels : — 


Name of Fuel. 

Specific 
Uravtv or 
Fuel. 

Carbon. 

Hydrogen. 

• 

Sulphur. 

Oxygen. ] 

i 

Ash. | 

1 

Warlich’s - 



115 

90*02 

5-56 

1*G2 


2*91 

Livingstone's 

- 


1*18 

8507 

4-13 

1*45 

2*03 j 

4*52 

Lyon’s 

- 


1-13 

88*36 

4*56 

1*29 

2*07 j 

4-6G , 

Roll’s 

- 


1*14 

87*88 

5*22 

0 71 

0*42 ■ 

4*90 

Holland and Green's 


1*30 

7014 

4*65 

- - 

! 

- “ 1 

13*73 

Wylaiu’s - 

- 


110 

79*91 

5*69 

1-25 

6*63 j 

4*54 


The following returns of trials at Woolwich will place the question of fuel, so 
far as coal and patent fuel are coneerue 1, in the best possible view. 


licjtort of Truth of Coals at Woolwich Dockyard, between the 9 th February , 1848, and 
the. :\\st March, 1*5?. 
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Wki.sii Coals:— 








No record. 

Abrrcnrii isl.it k Win - 


i 

fi’Ol 

46*19 

1-26 

4*46 

5-71 

Ab-rdure SI (Min Co.il - 


i 

8 i*S 

4V-81 

1-721 6-93 

7*6*» 

Light smoko. 

Ditto l-’otliorgill's - 


i 

i>-44 

47 Q 

1*79 

1*13 

4-37 

6-H. 

Light brown smoke- 

Ditto liwlliT.i - 


2 

!M 

:»u-m 

-V76 

719 

Light smoko. 

Bcdwas - 


1 

s-:t. r i 

45-3 

2-08 

6*16 

8‘.!6 

Black smoko. 

i)i roll grove Gr.iigola - 


3 

K-:,3 . 

48-37 

1-43 

y-13 

10-66 

Nearly smokeless. 

Blnendaro Iliff Spain - 


l 

8“2S 

43*76 

334 

6-1 

8-4! 

Ulark smoke. 

Ditto Merthyr 


l 

••*»« 

47-68 

3*12 

6*14 

9-26 

Light smoko. 

ltlai-iigirnur Merthyr - 


7 

i-*W 

49-44 

1*63 

6-M 

7-37 

Light brown. 

llrriiilxi Main ... 


2 

8-6-2 

41-J4 

■96 

64 

7*36 

No record. 

Ditto 2-yard Vein - 

Ditto 4-ieet Vein * 


1 

8*4.i 

4-VU2 

1-13 

6-19 

7-6-2 

Ditto. 


1 

8*31 

43-03 


6-7 

C-78 

Ditto. 

Ditto Stcnm Coal - 


2 

7 US 

60*47 

1-57 

4-81 

fit 

Black smoke. 

Bute Merthyr - 


5 

9-2 

48;;9 

307 

.VI 9 

8- *21', 

Light brown. 

Camuctliuu .... 


2 

8-21 

61-91 

•6*j 

3*99 

4-M 

Urown, moderate 








quantity. 

Carr’s Merthyr , - 


3 

9-14 

49*21 

1*99 6*2;. 

7-21 

Black smoke. 

Charcoal Vein ... 


1 

8*98 

46-79 

1*96 6-06 

7-01 

No record. 

Coed Talon .... 


5 

7-68 

62-11 

■«»; 6-4 

6 36 

Light smoke. 

Coles hill Coal - - 



7-fi8 

Min; 

■26 

3-11 

3*36 

N«» record. 

Ditto Bagillt - 


2 

7*92 

49-33 

*62 

3*67 

4- 1 9 

Dirro. 

Cwm Amman ... 


4 

8«i 

4>*i2 

11-76* 3-61 

r»*w. 

Light smoke. 

Ditto . . . 

Cwmfrood Rock vein - 


li 

1 

8-93 

8-72 

4vuh 

46-88 

2-01 

2-11 

6-27 

118 

7"> 

C*2i*j 

Ditto. 

Black smoke. 

Kbbw Vale .... 


3 

| 

9‘26 

38-79 

1*78 

6-78 

8 66 

Light brown smoke. 

Ditto - • - 


9*09 

43*89 

2-SI 

6-41 

KIWI 

N‘> smoke. 

Ellod’s Vein .... 


3 

9-1 

61-21 

1 66 

6*29 

6*8-1 

Drown, large quan- 
tity. - 

No record. 

Little smoke. 

1 Black, moderate 
quantity. • 

Elsccnr Hard Steam Coal - 
Kuloe Colliery ... 
Garden Edge Colliery Coal - 


8 

2 

3 

827 
8-28 
8-4. | 

46-99 

48-36 

60-87 

•73 

1*31 

•UK 

6-.13 

3-71 

5*14 

6-06 
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! 

£ 

i 

is 

i 

£ 

H 

P 

it 

Bmoke. 

Gellla Carioxtan Straun Coal 

8 

K'ill 

49*97 

•08 

5-7 

7*38 

Very light smoke. 

Ditto Steam Cool - 

8 

8*M 

43 83 

■87 

0-21 

9-09 

No record. 

Golynos . 

1 

9*02 

4m 

•(Hi 

3*91 

6-0 

Black smoke. 

Grnlgola Steam Coal ... 

3 

8*89 

35-69 

•42 

0 09 

8*11 

No smoke. 

Ditto ditto (handpicked) 

1 

8*84 

41*02 

■71 

5-A2 

0-23 

No record. 

Gwythcn Charcoal Vein - 

1 

8-21 

47-65 

*95 

4-4 

fi-35 

Light smoke. 

Ditto ditto 

4 

8*95 

48)0 

2*7 

3-8 

0-51 

No smoke. 

Little llalth Lochgelly 

8 

7*27 

46-58 

■SI2 

7-43 

8-35 

Much light smoke. 

Llanelly ----- 

1 

8*43 

40-43 

1-90 

0-8 

8-70 

No record. 

1 

• 

8 

8 81 

40A2 

*>•30 

0-41 

8-77 

No smoke. 

iV'.sV (handpicked) - 

o 

8*44 

44-92 

2113 

6*73 

770 

Ditto. 

Lochgelly Coal - 

8 

7-W 

40-00 

•1 

4-1? 

4-22 

Light smoke. 

Mao lien ill. irk Vein • 

1 

8-H1 

no-.i-i 

2-1 

6-39 

7-451 

Black smoke. 

ft! nr lien Bock Vein - 

1 

832 

17*27 

1-37 

4*78 

o in 

Much black smoke. 

Merthyr - 

28 

8-7S 

1A-42 

1-02 

5-5-1 

0-.M. 

Light smoke. 

Ditto ----- 

4 

9-(« 

48*17 

!•«»*; 

•1 ‘AO 

oa:- 

Ditto. 

Ditto Aberamon - 

1 

t- a 

4772 

l-4!i 

3*i)7 

5--u; 

Ditto. 

Ditto Alierdare 

3 

R-75 

4r.-7H 

1(51 

4-hfi 

5*07 

No r«*corrt. 

Ditto ditto FolherpiU's - 

43 

H*A1 

41-79 

1-47 

1 53 

0 

Light smoke. 

Ditto Crosilcld ... 

l 

«»-:7 

4.V 14 

! *25 

r,-38 

7-nrt 

No record. 

Ditto ditto and (iHilley’s 

1 

K*m» 

40*13 

•ill 

i*M 

8*41 

Ditto. 

Ditto (liandpickrd) 

8 

h-92 

43*84 

1*13 

4-82 

5*5 r‘. 

Light smoke. 

Ditto Nixon’s - - - 

Ci 

8-VH 

4.VM 

-98 

4*31 

5-3j 

Ditto. 

Ditto Wenslevilile - 

l 

8‘i)l 

4A-84 

■fii 1 

0*49 

7’1 

No record. 

Ditto Wood's - 

I 

V-b7 

4.*! 7 

*07 

ft*t»H 

C*3'. 

Ditto. 

Morfa St 0.11 n Coal ... 

J 

8-S3 

44 03 

M2 

4 03 

6‘7 5 

Black mnOke. 

Ditto ditto Vivian’s - 

2 

P-ti 

44*9-1 

1-3 

r.-iSi 

H 54 

ill iif-li black smoke. 

Ncvill’e I.lunrlly - 

2 

8 -fit. 

47-69 

2*113 

5-8 

7-83 

Light smoke. 

Now Black Vein Steam Coal 

8 

9*mi 

50*07 

■79 

5*75 

0-51 

Large onantity of 








liroM ii smoko. 

Newellinc ----- 

1 

8*97 

48-25 

2*21 

GW 

8-4r, 

No record. 

Tow oil’s Dnfflryn * 

1 

9*is 

4vv.fi 

i-:« 

OKI 

8-10 

f.iylii sni -kc. 

Hcsolven ----- 

9 

!K41 

4 it i 


.VIS 

7 25 

Light brc.ivu. 

Ditto (handpicked) 

I 

SI.I 

■l.vrsa 

51 

4-35 

4-Hi 

No record. 

Ditto ditto 

1 

51- 1 5 

49-79 

1-75 

4i 

0-1' 

Ditto. 

Bi«ca ltoek Vein - 

1 

K-a»i 

40-I-7 

r«7 

5-22 

i (f. 

Ditto. 

Hock Vein - 

2 

8 ‘I 

4-11 

■V'"| 

VKi 

| 8-jf: 

Ditto. 

S .uli. iv we;i Merthyr - 

1 

“.-'.•.I 



(.* 

7**'.*i 

L'giit smoke. 

Tli 'inas’ Merlin r - - 

a 

!rjs 

■19 \rj 

i-k; 

4 fii 

0*45 

I \i ree. ird. 

Tiileiy Gig Veil! .... 

* 

H-TI 

M-'.iil 

Ido 

4 r» ; 

5--,; 

! Ditto. 

Wugniis’ Merthyr- - 

2 

8-7!' 

47-jr. 

1-7': 

0 1* 

8 21 

[ Ditt... 

Wavin-s’ Merthyr - 

| i 

S*‘iH 

4^.3 

1 -* '■ 

5*2*' 

7*i'*.- 

Very light sniuUi . 

\l olith Coal 

o 

jt-aa 

4 

1*75 

0-P 

7-92 

No rtvord 

Ni-ktii Coi'nthy Coals: — 

1 







Allwii Collu-iy .... 

a 

*K1l 

.">07 

i-m 

6 (i:: 

001 

Lit lie black smoke. 

Atli**rton Sfemi Coi.l - 

4 1 

K 22 

48-70 

•74 

4*>«3 

507 

Bl i.*k smokL*. 

Burlieili ami Dollar's Steam Coal 

1 

7 -Ilf. 

49-45 

■4i: 

'll* 

1-U: 

lila-k, moderate 

Ditto SL'-am Coal - 

4 


49 X' 

r*if. 

■ 

4*17 

f -Iflj 

quantity. 

Light brown. 

Bates’ Hartley .... 

I 

r,-ri 

4 .i-iJC 

2 \v 

4*1.- 

owl 

No record. 

Ditto Writ Hartley - 

a 

7 7 

V' it 

i-l 


o 5o; 

lllai k smoke. 

Ik Imntc f ..llierv Coal . 

i 

nil 

■I'.fMJi 

*i/« 

J-.t 


Ditto . 

Hell's 1'riiiirt.Sf .... 

■< 

•ejr. 

■i. r i*r.7 

2-. 

**.-(> 

!i->! 

No record. 

Bourtrechtll Coal - 

l 

T«i 

4W, 

1-27 

4t.-, 


Much «niokc. 

lit.iiiile’s llarlhy .... 

va 

7-r.i 

47 

l*l‘. 

i.i;*. 

5*:.v| 

1 lark smoke. 

Dine West Hartley 

.> 

rfllA 

48*31 

1 41 

i* it 

'7 ; 

Black kin'll; e. 

Carr 5 * Hartley - 

!i 

tft*5 

48- ti3 

I 1 ' 7 * 

3 7< 

5-171 Bi'aek. lio i;<* (plan- | 

( I.Ltkm.UlU.T.l - 


8l?I» 

4:.*3i» 

•fii 



Black Miifike. { 

Cutlichiil - 

i 

7*7-' 

42-A7 

- 

5*7-i 

. 

No record. 

Dcrwcntwuler, Budcliflu Colliery 

i 

8*27 

50-22 

1-1 

3-S 

4 93 

Black smoke. 

Ditto Wcbt Hartley 

i 

7 Mi 

48-2;* 

1-07 

4-7^ 

O-.-flf 

No record. 

KarsUoira Ilaitlej 

3 

ft-::. 

no 12 

71 

4*88 

5--V.. 

Greet quantity of 








black smoke. 

fi.irfnrth’s Hartley - 

2 

1 8*1*0 

.'•0-1 1 

■01 

5-7: 

0-30 

Heavy smoke. 

Ciarfurtlt Steam Coal - 

2 

I 7*|y 

nr;n 

1*20 

-Vti 

fi*«i, 

Light smoke. 

G-ircwiiod Bark - 

! 

1 7-y.t 

i-oi 

1 19 

A-2i. 

4 U 

N^n-cord. 

Caw her Hall - 

2 

8*14 

43-49 

1 (15 

4*n 

510 

Ditto. 

1 )it to Steam dial . 

A 

7*84 

4301 

1-25 

5-8 

7' 05 

Light smoko. 

1 Gcmer Coal - 

2 

7*8.3 

<14-58 

•92 

5-*jk 

0-21 

HI. irk smoke. 

■ t »rey's Droomhill - 

A 

8*(M 

48*87 

1*11 

n c.0 

0-79 

Hiwivy hlurk smoke. 

Grimsby Owl, Sheffield Hallway - 

1 

7* 48 

45-84 

1-09 

1 4-21 

5113 

No niconl. 

Hulsuead Coal .... 

3 

7-4S 

47 23 

1-24 

3- 09 

4-93 

Dork smoke. 

Hartley Coal - 

2 

774 

4578 

1 fMi 

fe-7 

083 

No record. 

Ditto Bates' West ... 

1 

7*39 

48*27 

■GC. 

7*07 

7-73 

Ilcnvy black smoke. 

Ditto Belmont- - 

2 

8*4 

40-3 

1*43 

3-97 

5-41 

No record. 

4 Ditto Budilin's - 

4 

7*8 

4.V0I 

1-15 

4-n 

i.-27 

Much smoko. 

1 Ditto ditto West 

17 

7*82 

46*33 

1*28 

4-09 

5.> 

Black smoke. 

DiLto Carr's - 

15 

8*19 

45-45 

1-22 

3-93 

.114 

Dark smoke. 

i Dm.' ditto West ... 

1 

B3A 

48*43 

1- 

5*88 

0*88 

Heavy black. 













FUEL. 


XkMdiHkn of tha Fad triad* 


Hartley, Clifton's West 
Ditto Cowpen - 
Ditto Fenhom’i - 
Ditto ditto West 
Ditto lied ley’ a ... 

Ditto Hctton Went ... 
Ditto Howard’s West Net her ton 
Ditto JonasBohn’s - 
Ditto Long ridge West - 

Ditto ditto Best - 

Ditto Morpeth. - - - 

Ditto Newcastle ... 

Ditto Wellington West - 
Ditto Whitworth ... 
Ditto Willington West - 
Hustings Hartley - 
llrutuu Colliery .... 
Howard's West Hartley 
DiLto Nethcrton ... 
lloyl.ind Colliery .... 

Ditto and El scour ... 
luce tla.ll Coal .... 

Ditto ..... 
Kiliiliurst Hard - 
Land P.nginc Coal ... 
Lindsay Mine .... 
Lord lloxslrn's Coal ... 
Lord Ward’s Steam Coal - 

Ltimley’s Steam Cool - - - 

Lundhill Hard Coal - 

Ditto Soft ditto ... 
Lyon's West Hartley - - - 

Mitlgcholnie .... 
North Country Coal - 
North Guwber Steam Coal - 
Oaks Colliery - 
Orrc'l Steuin Co.il - - - 

I {am say’s Adair's Main - 
Iiuvcii.iwnrih's Hartley » 

Il'ich »( »le's Colliery ... 
Skerrington Coal - 
Ditto Colliery - - - 

Splint Ci Mil ..... 
St. Helen’s Tees - 

Stave! ey Main Coal ... 
Struugcwuys, Colliery, 3-ft. Scam 

Walthcn House, or New House 
Wn-.liingMn’M West Hartley 
Wattier House Steam Coal - 
Wellington Hartley - 
Well wood Colliery 
West Hartley ... 
Wliitelield Colliery 
Whitworth l*ark ... 
Wigan, 4 -Coot Seam - 

Woiiihwell M:dn ... 

Yate Deep Vein - - - 

Antiikacitk Coal ... 
Ditto ... 

Ditto Itonville's Court 

Ditto Killgetty - 

Ditto % Watney s . 

Camukian Steam Fuel- . * 
Chilian Coal ... 
iCoek Consolidated 
Patent Fuel ... 
Ditto .... 
Ditto Captain Cochrane’s 
Ditto Holland's 

Ditto Lyon’s - 

Ditto •Temiierly’s 

Ditto Warlieh'ii 

Ditto ditto * 

Post Adelaide ... 
Sinoapore Coal ... 

St. Domingo (Samana) 


No record. 

Ditto. 

Ditto. 

I .ittle black smoko 
‘211 No record. 
r»7| Light smoke. 
Little blaeJUHwikc 
No record. 

Blnrk smoke. 


".lack smoke. 

No smoke. 

\ cry sun iky. 

No record. 

Much blnrk smoke. 
N’o n cord. 

Dip.*. 

Black smoke. 
Drown, in moderate 


No record. 

Black. In great 
quantity. 

Ditto ditto. 
Black smoke. 

No record. 

Heavy blnrk smoke 
4-.V)| 5*4 II No record. 
iWCll Heavy smoke. 

No ri-f.iril. 

Light iiruwii. 
Heavy lilaek smoke 
Li jld’ smoke. 

Much smoke. 

I.uht pniuke. 

Ditto. 

Black, in larw 
quantity. 


Nn nrord. 
lilaek ri'iiike 


HiMiy smoko. 
Little brown smok 


f.ight smoko 
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FULLING. 


FULGUR ATION designates the sudden brightening of the melted gold and silver 
in the cupel of the assayer, when the last film of vitreous lead and copper leaves their 
surface. 

FULLER’S EARTH. {Terre afiulon, Argile, Smectique , Fr. ; Walker erde. Germ.) 
In geology this term is applied to the clayey deposit which intervenes between the 
calcareous strata commonly known as the Rath or Great Oolite, and the Inferioi 
Oolite. A sandy argillaceous earth is met with in the upper part of the clay in 
question, to which the name Fuller's earth was given from its adaptability for fulling 
or cleansing cloth, when first woven, from grease and other impurities. The term 
thus limited originally to a particular stratum was subsequently applied to the entire 
formation by Dr. William Smith in his classification of the British strata, and 
has ever since retained its place in geological nomenclature. The fhller's earth 
above mentioned was formerly procured in considerable quantities from the Downs, 
to the south of Bath, whence it was Rent to the cloth factories of Gloucestershire. 
Of late years, however, an artificial substitute has been found in a ‘chemical prepa- 
ration, and the demand for the natural production has decreased so far, that little or 
none oftt is now procured in the West of England. The fuller's earth of Reigatc is 
found in strata of a much more recent date than those alluded to above, and forms a 
part of the Lower Greensand. — S<h? Greensand. 

From Rcigatc 12,000* tons of dried fuller's earth arc raised annually. There are 
two varieties, called the blue and yellow ; their analyses are respectively — 


Alumina - 

m 




Blue. 

- 18 

Yellow. 

11 

Silica 

. 

. 

. 


• 42 

44 

Lime 

- 

- 

_ 


- 4 

5 

Magnesia - 

- 

- 

- 


2 

2 

Oxide of Iron - 

- 

. 

_ 


r, 

10 

Soda 

- 

- 

- 


- 5 

r> 


The other places from which fuller's earth lias been obtained, arc — Penenden 
Heath, Maidstone, Frome, Lonsdale, Coombe Jlay, English Coombe, and Duncorn 
Hill in Gloucestershire, and at one localiiy in Bedfordshire. — II. W. B. 

FULLERS’ TEAZEL. Iiipsacus (Stya, thirxt ), so called because tlic bases of 
the leaves are, in many species, connate, so that they enclose a cavity which con- 
tains water ready to allay thirst. The fullers’ teazel is the Dipsactts fuHonnm ; 
the bracts of the heads are very' spiny, and are much mod for carding cloth. Con- 
sequently the teazel is cultivated in many parts. Many carding machines have bc-n 
introduced, but the best cloth weavers still prefer the teazel lor finishing their 
cloth. ^ 

FULLING. The art of cleansing, scouring, and pressing woollen manufactures. 
The object is to render them stronger and firmer. It is called also mz&'my, because 
the cloths arc scoured by a water mill. 

The principal parts of a fulling mill art the wheel with its trundle, which gives 
motion to the tree or spindle whose Leeth communicate that motiou to the stampers 
or beaters, wbicii fall into troughs, 
wherein the doth is put, with the fullera’ 
oarrh. 

William and Ogle introduced in 1825 
some new fulling machinery, designed to 
act in a similar way to the ordinary 
stocks, in which cloths arc t*»te:s, for 
the purpose of washing and thickening 
them ; but the standard and the bed of 
the stocks are made of iron instead of 
wood, as heretofore ; and a steam vessel 
is placed under the bed, for heating the 
cloths during the operation of falling, 
whereby their appearance is said to be 
greatly improved. 

Fig. 884 is a section of the fulling 
machine or stocks; a , is a cast-iron 
pillar, made hoi low for the sake of 
lightness ; A, is the bed of the stocks, 
made also of iron, and polished smooth, 
the side of the stock being removed to show the interior; c, is the lever that 
carries the beater d. The cloths arc to be placed on the bed h , at bottom, and water 
allowed to pass through the stock, when by the repeated blows of the beater d which 
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i6 rained and lot fall in the nsnal way, the cloth* are beaten, and become cleansed 
and fulled. 9 

A part of the bed at t is made hollow, for the purpose of forming a steam box, into 
which steam from a boiler ifi introduced by a pipe with a stop-cock. This steam 
heats the bed of the stock, and greatly facilitates, as well as improves, the process of 
cleansing and fulling the cloths. 

The smoothness of the surface of the polished metal, of which the bed of the stock 
is constituted, is said to be very much preferable to the roughness of the surface of 
wood of which ordinary fulling stocks are made, as by these iron stocks less of the nap 
or felt of the cloth is removed, and its appearance when finished is very much superior 
to cloths fulled in ordinary stocks. 

In the operation of fulling, the cloths arc turned over on the bed by the falling of 
the beaters, but this turning over of the cloths will depend in a great measure upon 
the form of the front or breast of the stock, lu these improved stocks, therefore, 
there is a contrivance by which the form of the front may be varied at pleasure, in 
order to suit cloths of different qualities ; is a movable curved plate, con gjft using 
the front of the stock ; its lower part is a cylindrical ml, extending along cntirn 
width of the bed, and being fitted into a recess, forms a hinge joint npon which tl:*s 
curved plate moves ; </, is st rod attached to the buck of the curved plate J\ with a 
screw thread npou it ; this ml pusses through a nut A, and by tifrningtkis nut, the rod is 
moved backward or forward, and consequently, the position of the curved plate altered. 

The nut /#, is n wheel with teeth, taking into two other similar toothed wheel-., w:o 
on each side of it, which are likewise the nuts of similar rods jointed to tli.j bach *,f 
the curved plate,/*; by turning the central wheel, therefore, n liich may be done by .1 
winch, the other two wheels are turned, also, and she curved plate moved backward *.r 
forward. At the upp-r pari of the platv there are j ins pes.-dug through cur; id £'•*:?, 
which net ok guidis when the phio i:* moved. 

FIX.MT N ATINti MKKtTIfV, Ag. (dried at 212°). The uvi: 

km* ,v u eonipound used W priming pmettssion caps, li was analys'd nrmy j ear** 
ugo by i-n-Mg. amt subser ueu 1 I y. by (kit-Luasae. Although clioinisis have long U\ 
iKt|iui a .nted with the true composition i.f fulniiiii-* acid, and the formula of fulmin- 
ating inci’eury lias also been rendered almost, cutain. no accurate analysis of the 
lath r compound w..:» made public until 1»55. when M. t-ehisehkolf publish* d l.i-’ eel - 
brated p-ipcrou the fulminates. It is singular that Liebig and Sehisehk 'lV wav 
indcprndi-ntly engaged at the same time in investigating the products of clecontpo-ii:." 
of tin- full ui nates. The fonimia of fulminic acid, and also that of fuliuir.iuing uioivuv; . 
Iiad been deduced from the very accurate analysis of fulminating silver made by (*;.■<.- 
Liissac anil Liebig. A great ir.:ndx r of processes for the preparation of iV.In.iua'U'g 
i.i'Tcury have been published. The following arc the best as regards economy and 
certainly. 

1. One part of mercury if. to be dissolved in I«; pans of nitric acid. sp. er. 1'4. nnd 
the solution at n temperature of Mir* F. is to be poured into yd parts of alcohol, sj>. gr. 
0-830. — lh\ the. 

2. One part of mercury is to be dissolved in 12 parts of nitric acid, of sp. gr. 1 -3. To 
the solution (as soon as it has cooled to 55° t\ ), S parts of alcohol, sp. pi*. 0’K17, are to 
he added ; the vessel i ontaining the mi x . lure is to lie heated iu boiling water until 
thick white fumes begin to form. The whole is thru set in a cool place to deposit the 
crystals of fulminate. — Cnmascoti. 

3. One part of mercury is to l*e dissolved iu 12 parts of nitric acid, sp. gr. 1-540 to 
1*345, in a flask capable of holding IS times the quantity of fluid used. When the 
metal is dissolved, the solution is decanted into a second vessel containing 5*7 parts of 
alcohol, of till 0 to 1)2° (Trullis), then immediately poured hack into the first vessel, and 
agitated to promote absorption of the nitrous acid. In fiv-' to ten minutes- gas bubbles 
begin to rise, and there is formed at the bottom of the vessel a strongly refracting, 
specifically heavier liquid, which must Ik* mixed with the rest by gentle agitation. A 
moment then arrives when the liqnid becomes black from separation of metallic 
mercury, and an extremely violent action is set up, with evolution of a thick white 
vapour, and traces of nitrous acid; this action must be moderated by gradually pour- 
ing in 5*7 parts more of the same alcohol. The blackening then iminediatejy dis- 
appears, and crystals of fulminating mercury begin to separate. When the fluid has 
become cold, all the fulminating mercury is found at the bottom. J5y this method 
not a trace of njprcury remains in solution. — Livbitj. 

The fulminate in all these processes is to bo collected on filters, washed with dis- 
tilled water, and dried. The violent reaction which takes place when the solution 
mercury reacts on the alcohol is essential to the success of the operation. 
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FUMITORY. 


With regard to the economy of the above methods, it has been found that 1 part 
of mercury yields the following proportions of fulminate : — * 

1st process 1'30 

2nd „ 

3rd „ 1‘53 

C.G.W. 

FULMINATING SILVER, C^Ag’NW. This salt corresponds in constitution to 
the Eliminate of mercury : it may also he prepared by analogous processes, merely 
substituting silver for mercury. Prcjtaration. — I. 1 part of silver is to be dissolved in 
24 parts of nitric acid, sp. gr. 1*5, previously mixed with an equal weight of water. 
To the solution is to be added alcohol equal in weight to nitric acid. Produce , 1 *5 
parts of fulminating silver. 2. 1 part of silver is to be dissolved in 20 parts of nitric 
acid, sj). gr. 1*38. To the solution is to be added 27 parts of alcohol, sp. gr. 0*832. 
The mixture is to he healed to boiling, and, as soon as it shows sifcns of becoming 
turK^h is to be removed from ti)c fire, and a quantity of alcohol, equal in weight to 
the first,’ is to be poured in. r J1ie liquid is uow to be allowed to become perfectly cold, 
when the fulminate will be found s.t the bottom of the vessel. Produce, equal to tin. 
silver employed. 3. 1 part of silver is to l>e dissolved in ten times its weight of nitric, 
acid, sp. gr. T36. To*lh© solution is to be added 20 parts of alcohol, sp. gr. 0*80. 
The mixture is to be treated as in the second mode of preparation, except that no 
more alcohol is to be added. The produce shonld be in fine crystals. Whichever 
inode of preparation lx‘ selected, Jr. is absolutely necessary, iu order to avoid fearful 
accidents, that the following precautions be attended to. The beakers or flasks em- 
ployed must be two or three times larger than iR required to hold the ingredients, for 
if, owing to frothing or boiling o\er, any of the fluid happened to find its M ay to the 
outside, and dry there, an explosion might ensue. Caro must also be taken that tint 
highly inflammable vajxmrs given otf during the preparation do not come near any 
flame. The salt, when formed, must be received on a filter, and well washed w ilh cold 
water. It is safer to dry it spontaneously, or over oil of vitriol, for although it will 
endure* alieat above that of boiling water before exploding, yet when warm, the slightest 
touch with a hard substance is often sufficient to cause a terrible detonation. A spatula 
•if pastel >oard or very thin wood should l>c employed to transfer it into its receptacle. 
Fulminating silver should not be kept in glaws vessels, for fear of the salt finding its 
way between the cork or stopper, the slightest movement with a view of opening the 
vessel, being then sufficient to cause an accident Small paper boxes arc the safesi to 
keep it in. 

Fulminating silver gives a more violent detonation than the corresponding mercurial 
coin]xmnd. The preseuce of roughness or granular particles on the substances with 
which it may he in contact, assists greatly in cansing it to explode. 

Although giving so violent an explosion when alone, it may he burnt without 
danger when mixed with a large excess of oxide of copper, os in the ordinary process 
of organic analysis. It then gives off a mixture of two volumes of carbonic acid, and 
one volume of nitrogen. Gay-Lussac and Liebig made an analysis of the salt iu this 
manner, with the annexed results : — 


Carbon 

Experiment. 

- 7*9 

C 4 


Calculation. 

- 24 

- 8*0 

Nitrogen 

- 

. 

- 9*2 

N' J 

- 

- 28 

- 9*3 

Silver 

- 

• 

- 72*2 

Ag* 

- 

- 216 

- 72*0 

Oxygen 

- 

- 

- 10*7 

O 4 

- 

- 32 

- 10*7 




a . — 

100*0 



300 

100*0 


C. G. W. 

FULMINIC ACID, C^N 2 ]] 2 © 4 . The acid contained in fulminating mercury ; it 
does not appear to exist in a free state. 

FUMIGATION is the employment of fumes or vaponrs to puriVy articles of ap- 
parel, and goods or apartments supposed to be imbued with some infectious or con- 
tagious poison or fumes. The vapours of vinegar, the Aimes of horning sulphur, 
explosion of gunpowder, have been long prescribed and practised, hut they have in 
all probability little or no efficacy. The diffusion of such powerful ugents as chlorine 
gas, muriatic acid gas, or nitric acid vapour, should alone be trusted to for the 
destruction of morbific effluvia. See Disinfectants. 

„ FUMITORY. A bitter herb, Fumaria officinalis. It gp-ows abundantly in this 
country, and was at one time used in medicine. The name is derived from the Latin 
word fuMus , smoke, on account of its smoke-like smell. The French call it 
fumeterre , whence our name fumitory. 
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FUNGI. One of the orders into which the Thallogmt n are divided, comprehending 
the mushrooms. The fungi are cellular plants, which generally appear in the form 
of a more or less rounded thullua supported upon a stalk, and with spores or seeds on 
the under surface or gills, or, as it is called, the hymen turn. Upwards of 4,000 species 
of fungi have been enumerated by botanists. The common mushroom, the Agariem 
campcstris , is used in this country as an urticlc of food, and the sauce called Ketchup 
or Catsup is made from it. The fairy-ring mushroom, Aguricus pratensis , is also an 
edible plant, and is used for mixing with rich sauces. The truffle, Tuber cibarium , 
is also a mushroom. The commercial value of this fungus is very great. Beyond 
these there are none of the fungi which have any practical uses in this country. 
Many of the smaller fungi arc most destructive in their natnre. Recently fungus 
formations have been detected in our cotton goods sent to India, and the result has 
been most serious to our trade in these goods. 

FUR. (Fmoy-urc, Fr. ; I t/r. Germ.) F ur may ho strictly distinguished as the short 
fine soft hair of certain animals, growing thick on the skin, and distingui shed from the 
hair, which is longer and coarser. The term is, however, used sometimes verjaV^A-ly, 
and includes those skins which arc covered with Inir. Fur is one of the most p.-vi.-c*’ 
non-conductor^ of heat, and cvi.KCi|:iiutly we find the animals of the cokkv rcg>.: , .i.v of 
the earth clothed vitii this substance, and hence man has adopted it as the wasmcGt 
of clothing. 

To tlie admiral do report marie by Messrs. J. A. Nieholay and James B. Bcvington, on 
the furs of the Great Exhibition, we are mainly indebted for the following parti eu 5 ary. 

The ltfTPSiAN Saule (M,rvtrlu zihcUoui). In the reign of Henry VIII., by a law 
to regulate the expenses of ditTVrent classes, and to distinguish them by peculiarity of 
costume, the use of sable was confined to the nobility above the rank of viscount, it 
is stated that 25.900 skins arc sunur-lly collected iu the Russian territories Th" fur 
is brown, with some grey spols on the head ; the darker \ arioties are tlie most valuable, 
a single skin of a fine dark colour being sold for as much as nine pounds, though tire 
average value does not exceed two or three. The Russian sable is sometime* con- 
founded with the Hudson's Ray sable, hut to the furrier the former is easily dis- 
tinguishable from the length and fullness, us well as the darker colour, of the fur. 

jfi;i>soN*H Ra\ S.vnu: ( .Whs Ida ( 'mut. !:•«#/.<). As the natural colour of this skin is 
much lighter than tin* prevailing ue-te, it if. the practice to dye many of them a 
darker colour, ami the furs thus treated are scarcely inferior to the RiUsiau or true 
sable. Not less than 12o,oo;i s-kiiis ur<* auim.ihy imported into this country. 

Fine Martin or Paco.- (MusUh abb-fun. j. The animals producing this skin are 
found in extensive forests iu the north of lv.it ope. The skins are distinguished f:->m 
the stone martin by the yellow colour of the throne. These skins are dyed to iiiiiiaie 
real salde. 

Stone Marten (3 Indicia s a. varum). This is frequently called French sable, from 
the fact that the French furriers excel in dyeing this skin. The stone inuru'ii is dis- 
tributed through most European countries. The under fur is a blubd: white, with tin 
top hairs a dark brown, the tltroai being generally a pure white, by which it is 
distinguished. 

Fjsiir.u. These skins are larger than the sables, and tin? fur is longer and fuller ; 
about 11,000 of these skins arc annually hrm.glit from America. The tail, which is 
long, round, and gradually tapering to a pv»int, was formerly used us tlic common 
ornament to a national cup worn by the Jew merchants of Poland. 

Mtxk ( Must An riV.fl/# >. There were sS4-5,«)‘ki skins of this little animal brought to 
this country in 18;>0. The fur resembles sable in colour, but is considerably shorter 
and more glossy. 0 

Ermine (Mustchi crminca ). This animal is similar in form and habit to tlu* 
common weasel of this country, but iu Silieria, Russia, and Norway, from whence the 
skins are imported; the little animal during winter becomes as white as the snowy 
regions it inhabits, and is esteemed tlie whitest fur known, though in summer its 
dress is a dingy thrown. The tail of the skin, of which the lower half is jet Mark is 
usually introduced as an ornament to the purely white fur. Iu Edward lll.’s reign, 
the use of ermine was restricted to the royal family. 

FiTcn or Polecat (Munich pu tori us), produced throughout Europe and in our 
own country. r fliis animal lias a soft black fur with a rich yellow ground. The 
natural smell of this fur is unpleasant and difficult to overcome. 

North Ammrjcan Skunk (Mephitis Anuricamt). These skins arc imported by 
the Hudson's Bay Company. The animal from which it is obtamed is allied to the 
polecat of Europe. The fur is a soft black, with two white stripes running from tlto 
head to the tail. This fur is not much used in this country. 

Kolinsky (Mustela Sibcrica). The Tartar sable, which is of a bright yellow 
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colour. It is sometimes used in its natural state, but is more frequently dyod brown 
to imitate other sable, to which it bears a strong resemblance. It is remarkable for 
the uniformity of its colour, having no si>ot or difference of shade in any part of the 
body. The tail which is of the sauie colour, is exclusively used for the best artist’s 
pencils. 

' Musk Rat or Mitsquasti (Filter ziheUdcus), an inhabitant of the swamps and 
rivers of America. About a million skius are brought to this country annually. 
The fur resembles that of the beaver, and was used by hat manufacturers. The skins 
are also dyed by the furrier, and manufactured into many cheap and useful articles. 

Nutria or Coyfon (MyvpoUinum coy pus). This animal is larger than, but some- 
what similar to, the musquash ; it inhabits the bonks of rivers in Unenos Ayres and 
Chili. But few of these skins are now imported. 

Hamster ( Cricetus vulgaris ), a native of Germany, where not less than 100,000 
skins arc annually collected. It has a poor, short, and coarse fur, which is almost 
exclusively nsed for cloak linings by the Greeks. The colour of the back is a reddish 
brottAr/bc belly black, with a few light spots. 

Pkkwttzky. The skin of this animal is marked like tortoise shell ; it is brought 
from the southern extremities of Asiatic Russia, it is chiefly used by the Russians 
for cloak lining. 

Reaver (Castor Am cri vaults). This beautiful fur is sometimes nsed for articles of 
dress. ]n order to prepare the skin for this appropriation, the coarse hairs are re- 
moved, and the surface cut by n very ingenious machine, somewhat similar to that 
used iu dressing cloth. The skiu thus prepared has a beautiful appearance, not 
unlike the costly South Sea otter, and lias the advantage of durability and lightness. 

Ottku (lulra vui.jt, vis, Lutrn Canadensis ). Of the British otter about 500 skins 
are collected annually. The large quantity used by the Russians and Chinese is 
derived principally from North America. 

fiiJA Ottku ( Fn hydra marina). The sea otter lias a very thick, soft, wcolly fur, 
and is most highly prized by the Russians and ('liintsc. to whom most of the skins 
are exported. The animal is found in the North Pacific from Kaintschatka to thu 
Yellow Sea, on the Asiatic coasts, and from Alaska to California on the American coasts. 

Si:al (iHneri). There are numerous varieties of these animals, which are found on 
the western coasts of these islands, and in immense numbers on the slioiesof Labrador, 
Greenland, and Newfoundland. The greater portion of the skins imported are 
tunned and enamelled with black varnish for ladies’ shoes ; other descriptions are 
well adapted for fur. Before they can be used as a fur, it is necessary to remove the 
very course hairs which cover a beautifully fine and silky fur. By shaving the felt 
to lialf its natural substance, the roots of the coarse hairs are cut through, and they 
easily fall out, hut the same effect is produced by the natural process of fermentation, 
which ensues when the skins arc properly prepared and allowed to remain together. 
This fur is rarely used in its natural state, but is dyed a deep vandyke brown, when it 
lins the appearance of the richest velvet. 

Fox. Of foxes' skins brought to this country there are many varieties: the black 
and silver foxes ( Vulpes J'ulvus , var. argentatus) from the Arctic regions are the most 
valuable. They are purchased for the Russian market, being highly prized in that 
country. The cross and red foxes are used by the Russians, Turks, and Greeks for 
cloak liningB and collars. The blue and white foxes ure used in tills and other 
countries for ladies’ dresses ; the white foxes ( Vulpes layojtus) are represented by arctic 
travellers as exceedingly numerous, and emigrating in troops over the frozen seas at the 
approach of the rigorous season. 

Wolverine ( Gulo luscus ). Ine glutton of old writers. The fur is generally a 
dark-brown, passing into a black in winter. 

Bear ( Ursus). The skin of the black bear is used for military purposes, for ruga 
and carriage hammer-cloths. The fur of the brown or Isalxilla bear (Ursus Isabel - 
linus) has frequently been very fashionable in this country. 

The skins of the hare, and the rabbit, sca.eely require notice. , 

The Squirrel, especially the Siberian squirrel, is much sought for. It is said that ‘ 
15,000,000 of these skins are annually collected in Russia, and of these, 3,000,000 are 
sent to this country. 

Chinchilla ( Chinchilla lanigera ). There are two varieties of Chinchilla, the 
produce of South America. Our chief supply is from Buenos Ayres and Arica. 
The skins from the former locality are of a silvery grey. Those from Arica are the 
darkest and best coloured skins. 

r Raccoon (l*rocyon tutor), this fur is used for lining coats. 

Cat (Felix domesticus). In Holland, the cat is bred for its for ; it is fed on fish and 
carefully tended until the fur arrives at perfection. 

Canada "Lynx (Felix Canadensis ). This fur is not much used in this country, 
but it is prepared and exported for the American market. 
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Furs and Skins imported. 





1863 

1864 ] 




Number. 

Computed 
real value. 

'Number. 

Computed 
real value. 

Deer, undressed - 

• 


73,634 

£11,446 

131,105 

£21,352 

„ tanned or dressed 


13,784 

8,756 

10,485 

2,096 

Ermine 



225,402 

11,264 

131,296 

6,568 

Fitch - 



166,827 

18,501 

110,630 

14,351 

Fisher 



13,973 

17,715 

11,261 

1G,120 

Fox, Silver - 



1,678 

12,505 

1,453 

11,682 

„ other sorts - 



76,854 

37,563 

71,141 

33,477 

Goat, undressed - 



577,508 

74,449 

607,195 

71,645 

„ tanned or dressed 


1,765,156 

162,934 

1,854,251 

163.900 

Bear ... 

- 


11,895 

17,402 

13,311 

£rtf47 

Beaver 

- 


142,159 

52,820 

131,028 

52,343 

Coney - - - 

- 


772,482 

13,396 

538, G76 

3,611 

Kid, undressed - 

- 



749 

’ 57,891 

2,897 

„ tanned or dressed 

- 


307,004 

25,616 

392,674 

33.166 

Lamb, undressed - 

- 


1,845,420 

81,461 

1 ,383,569 

61,959 

„ tanned or dressed 


29,743 

2,445 

56,359 

4.417 

Lvnx - - - 



8,883 

3,923 

7,456 

4,398 

Marten 



150,985 

116,613 

146,883 

94,100 

Musquash - 



2,199,883 

87,776 

1,952,562 

67,246 

Nutria 



236.776 

8,958 

115,010 

6,487 

Otter, common - 



20,831 

12,986 | 

21,319 

14,461 

„ sea - 



378 

4,886 

641 

7,891 

Racoon 



493,206 

69,587 

639.657 

74,538 

Sable - 



2,311 

3,570 

2,095 

3,331 

Seal ... 



555,334 

107,803 

342,833 

59,819 

Sheep, undressed - 



1,658,052 

153,944 

2,436,287 

184,061 

„ tanned or dressed 


1,435,127 

65,182 

1,503,338 

71,169 

Squirrel, or Calabor 

. 


382,699 

6,377 

359,808 

5,992 

Chinchilla - 

. 


38,560 

4,495 

60,190 

9,770 

Kolinski 

- 


66,885 

11,705 

54,945 

6,871 

Wolf - 

- 


9,389 

2,539 

6,522 

3,402 


The importance of the trade in furs and skins will be rendered evident from the 
preceding accounts. It wonld have been desirable to have separated the furs, strictly 
so called, from the skins, hut this has not been found practicable with anything like 
accuracy ; the returns are therefore given under the heads adopted by the Customs. 

Furs are subject to injury by Beveral species of moths, whose instinct leads them to 
deposit their eggs at the roots of the fine hair of animals. 

Linnmus mentions five Bnccies that prey upon cloth and furs, of which Tinea pelli- 
onclla , T. vcHtioHclla and T. tapelzclla are the most destructive. No sooner is the 
worm hatched than it eats its path through the fur, and continues increasingly 
destructive until it arrives at its full growth, and forms itself a silken covering, from 
which, in a short time, it again emerges a perfect moth. 

Another cause of the decay of fur is, the moisture to which they arc frequently 
exposed ; the delicate structure of the fine under fur cannot be preserved when any 
dampness is allowed to remain in the skin. This fact is well known to the leather 
manufacturer, who, having wetted his skins, allows them to remain in a damp cellar 
for a few days, for the purpose of removing the hair, which is pulled out with the 
greatest facility, fitter remaining only one week in a moist condition. It follows from 
these observations, that to preserve the furs it is necessary to keep them dry, and to 
protect them from moths ; if exposed to rain or damp, tiny must he dried at a mode- 
rate distance from the fire ; and when put by for the summer, should be combed and 
beaten with a small cane, and very carefully secured in a dry brown paper or box, 
into which moth? cannot enter. During the summer, they should be examined once 
a month, to be again beaten and aired, if the situation in which they have been placed 
be at all damp. With these precautions, the most vuluable furs may be preserved 
uninjured for many years. . • 

FURNACE. The construction of furnaces for the more important metallurgical 
operations will he found under the heads of the different metals, for the separation 
of which from their ores they have been employed. All the arrangenfCnts of the 
Vol. II. E E 
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, 884 a 

some peculiar facilities and economy 
to tbe pnMjess by fire. 

It bm i originally a small pair of 
bellows attached to it, for raising tbe 
heat rapidly to the proper vitrifying 
pitch. This is not shown in the pre- 

T1 ^ft2f2rmace is 17 J inches high and 
7$ inches wide, made of pottery or 
fine clay, os represented in fig. 884a, 
supported on a table buying a pair of 
bellows beneath it The laboratory is 
at ft, the blow pipe of tbe bellows at d , 
with a stop cock, and the dome is sur- 
mounted by a chimney a c, in whose 
lower part there is an opening with a 
sliding door for the introduction of 
churcoal fuel. The furnace is formed 
in three pieces ; a dome, a body, and 
Sin ash pit. A pair of tongs, a stoking 
hook, and cupel, are seen on the right 
hand ; and the plan of the stoneware 
grate pierced with conical holeB and a 
poker are seen to the left 

Gas Furnaces. Gas has been em- 
ployed, of late, with much advantage 
for beating crucibles, and many forms 
of burners have been introduced for 
the purpose of producing such jets us 
will yield the proper quantity of gas, 
and unite it with the right proportion 
of air, for producing the most intense 
heat; which can be applied iu u con- 
venient manner. The power of the 
burner, of whatever kind it may 
he, must be increased by surrounding 
the flame with a jacket of fire clay or 
some non-conducting substance, which 
will prevent the dissipation of heat by radiation. By attending to this, a very high 
temperature may be produced with but a small expenditure of gas. 

Griffin's Blast Gas Furnace. This is a more powerful apparatus, adapted for 
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mctallurgic operations, such as** fusing con- 
siderable masses of metal, assaying, rooBting, 

&c. It consists of two parts: first, of a par- 
ticular form of gas-burner , which is supplied 
with gas at the usual pressure, and with a blast 
of common air, supplied by bellows or a blow- 
ing machine at about ten times the pressure 
at which the gas is supplied ; and secondly, 
of a furnace , which is built up in a particular 
manner, round the flame produced by the 
gas-burner and the crucible exposed to ignition. 

The object of this particular construction is to 
accumulate and concentrate in a focus the heat 
produced by tbe gas flame, and to make it 
expend its entire power upon any object placed 
iu that focus. 

This apparatus can be mode of various sizes, according to the amount of work 
required from it 
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The gas-burner is a cylindrical iron reservoir shown in section in jig. 8846, which is 
drawn on a scale of one-third the full size. It contaius two chambers, not in com- 
munication with one’ another. Into the upper chamber, gas is allowed to pass by the 
tube marked Gas. Into the lower chamber, air is forced by the tube marked Air. 
The upper part of this burner is an inch thick in the metal Through this solid 
roof holes from 6 to 26 in number are bored for the escape of the gas. The number 
of holes depends, of course, upon the heating power required from the burners. 
The air passes from the lower chamber, through a series of metal tubes, placed in the 
centre of the gas-holes, and continued to the surface of the burner, so that the gas 
and air do not mix until both have left the gas-burner, and then a current of air is 
blown through the middle of each jet of gas. The bottom of the gas-burner is 
made to unscrew, and the division between the two chambers, which carries the air 
tubes, is easily removable for the purpose of being cleaned. The Gas and Ain 
pipes generally used in the inventor’s experiments were both half an inch in the bore 
and ten inches »long, the gas had usually a pressure of half an inch of water, and 
the blast of air about ten times that pressure. The quantity of gas used in an hour 
was about 100 cubic fret. The stopcock which supplied it had a bore of aarf an 
inch. The round rod represented at the bottom of the burner, ,/fy. 8846, is intended 
to fit it to the support 

When the gas is lighted and the blast of air is put on, the* flame produced by the 
gas-burner is quite blue, and free from smoke. It is two inches in diameter and 
three inches high, and the point of greatest heat is about two inches above the flat 
face of the gas-liurner. Above this steady blue flame there rises a flickering ragged 
flame, several inches in height, varying with the pressure of the gas. In the blue 
flame, thin platinum wires fuse readily. 

When the gas is burning in this manner, and the apparatus is attached to flexible 
tubes, the burner may be inverted or held sideways, without disturbing the force or 
regularity of the flame, so that the flame may be directed into a furnace at the bottom, 
the top, or the side, os circumstances may require. 

The following articles are used in building up the gas fUrnace for different 
experiments. They vary in size according to the volume of the crucible, or the 
weight of the metal to be heated. 

1. A circular plate of fire-clay, two inches thick, with a hole in the centre, 
exactly fitting the upper part of the gas-burner, which is made to enter into the 
hole three quarters of un inch. In externul diameter, this clay plate agrees with 
each size of the furnace. 

2. A cylinder of fire-clay, of which two pieces are required to constitute the body 
of each furnace. In the middle of each cylinder, a trial hole is made, one inch in 
diameter, to which a fire-clay stopper is adapted. 

3. A fire-clay cylinder, closed at one end, and pierced near the open end with six 
holes of half an inch in diameter. The thickness of the clay is immaterial. This 
cylinder is three inches in diameter. 

4. A circular plate of fire-clay, two and a half inches or three inches in diameter, 
and one inch thick. Similar pieces half an inch thick are useful. 

5. A cylinder of plumbago, to be used os a crucible support It is three inches in 
inside diameter, one inch in height, and pierced with twelve holes of three-eighths 
of an inch bore. 

6. A similar cylinder of plumbago two or three inches high, pierced with twenty- 
four holes of three-eighths of an inch bore. 

7. A thin plate of plumbago, three inches in diameter, viz. of the same diameter 
as the cylinder of 5 and 0. It has a small hole # in the middle, and being of soft 
material, the hole can be easily cut or filled to suit crucibles of any desired size. 

To suit the larger kind of crucibles and furnaces, cylinders are made resembling 
the above in form but of greater diameter. 

As in all cases the heating power of tbe gas furnace spreads laterally and does 
not rise vertically, the most advisable form of the crucibles required for use in it, is 
short and broadf not tall and narrow, and the supporting 
cylinders must be shaped accordingly. No fire-bars or 
grates must be used to support the crucibles in this gas fur- 
nace, because no material formed into narrow burs can suffi- 
ciently withstand^ its power of fusion and combustion. 

8. A plumbago cylinder, or crucible jacket, two and a half 
inches high, tko and a half inches in diameter, and a 
quarter of an inch thick in the walls. It has six holes of 
three-eighths of an inch diameter near one end. 

9. A circular cover or dome {fig* 884c) flanged at the bottom, and having a knob or 
handle at the top. It is pierced with twenty-four holes of a quarter of*au inch in 
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diameter, arranged in two rows near the bottom. This dome, when of small rise, is 
made of plumbago; when large, of fire-clay. 

10. Plumbago crucibles mode with a solid overhanging rim, the use of which is 
to suspend the crucibles over the gas-burner, by means of the cylinders Nos.. 5 and 
0. When the crucibles arc too small to fit the cylinders, the flat-plate No. 7, isfiled 
to fit the crucible, and is then placed on the cylinder, to whose diameter it is 
adapted. 

llesidcs these pieces of fire-clay and plumbago, it is necessary to be provided with 
a strong iron tripod, to sustain the furnace ; an iron pan, in which to ^lace the 
fumnee ; and a quantity of gravel, or rounded flints, not less than half an inch, nor 
more than one inch in diameter. These pebbles form an essential part of the gas- 
furnace. 

Other forms of Griffin’s gas furnace will be found fully described in Watts’ 
“ J >ict ionary of Chemistry.” 

Mr. George Gore has patented a gas-fumacc of great power and utility, which he 
thus di-scribes: — 

JVftWVr ntto patent gas furnace for experimental and other purposes .— a is a cylinder 
of fire-clay about nine inches high and six inches diameter, open at both ends, with a 
hole in its ride near the bottom to lead into the 
chimney ; it is covered* by a movable plate of fire- 
clay, ii, with a hole in its centre for introduction 
or removal of the crucible, &c.; this hole is dosed 
by a perforated plug of clay, c, for access to the 
contents of the crucible, and that uguiu is closed 
by another clay stopper d. £ is a chimney of 
sheet iron about five or six feet high, kept upright 
by a ring of iron, F, attached to the top of the 
furnace. The fire-clay cylinder is enclosed in a 
sheet-iron casing with a bottom of iron, to which 
are fixed three iron legs, a. An iron tube h, with 
a prolongation l, supports by means of the screw, 

.i, the burner k, and its tui>e I* which iR opeu at 
both ends. Gas is supplied to the burner by mi-aus 
of the tag, m, which has a small index, n, attached 
1o it for assistance in adjusting the gas. Inside 
tlic larger cylinder is another fire-clay cylinder or 
cupola, o, with open ends, and with three projec- 
tions of fire-clay, r, for supporting the crucible, q; 
it is kept steady by means of three fire-clay 
marbles, it. The gas-bunnr is a thin metal cy- 
linder, deeply corrugated at its upper end, with 
Ihc corrugations diminishing to nothing at its 
lower end. 

The action of this furnace is as follows : — Gas 
is admitted to the open tube*, I* by the tap, m ; it 
there mixes with air to form a nearly explosive 
mixture, which ascends through the burner, and 
burns in the clay cylinder, o, being supplied with tho remainder of air necessary to 
complete combustion through the tube h, to the outer surface of the flame, by means 
of the spaces between the corrugations. The flame and products of combustion 
pasR up through the cylinder « , and then downwards outside it to the chimney, the 
focus of greatest heat being at c* 

It is important in using this furnace that the burner is placed quite in the centre 
of the bottom of the tube o ; also that a crucible of not too large or not too small 
dimensions lie selected. The most suitable way of supporting a smaller crucible is 
by placing it in a larger one that has had its upper parts broken off. If desirable, a 
little clay luting may be placed round the to; vdpc of the iron casing to exclude air 
entering between it and the cylinder ; also a little thin clay luting upon the part of 
the bottom of the furnace where the iuner cylinder, o, rests. 

In lighting the furnace, the plugs c and i> arc removed, a light held inside the 
opening, and the gas turned on full. Should the flame blow dowa to the bottom of 
the tube, i * on lighting (which, however, rarely occurs unless the furnace is already 
hot), the gas must be turned off, and the bottom of l momentarily closed whilst 
lighting the gas as before. Should the flame not burn down to the burner, bnt only 
Inirn at the orifice in the clay plate, n, it must at once be extinguished and relighted, 
otherwise sonic of the gaseous mixture will pass into the chimney unburned, and 
subsequently ignite and cause an explosion. A large flame now issues from the top 
orifice, ana is white if too much gas is on, and chiefly violet or red with the proper 
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quantity; it should now be coarsely adjusted until these appearances are presented. 
The annular plug, should now be inserted, which will compel it to pasB down, 
wards to the chimney, und as soon as the small remaining dame, now issuing, dis- 
appears or nearly disappears, as it will in a few seconds, the small stopper, d, should 
also be inserted. In lieu of this, the large Home may be deflected against the 
chimney by means of a piece of sheet-iron until it withdraws inwards as before 
mentioned ; the two plugs may then be reinserted. The gas-tap may now be partly 
adjusted. The crucible should be placed in the furnace alter the act of lighting the 
gas, hut not immediately after -if the furnace is cold, or explosions may occur by un- 
hurried gaseous mixture passing the crucible into the chimney and igniting after- 
wards. After about five minutes the gas should be slowly adjusted, until a sound is 
heard inside like a scries of small explosions. This sound is sometimes not very 
distinct, cs|>eciaHy at high temperatures, aud therefore requires a little experience in 
the use of the furnace in order to be detected. It is, however, a chief guide in 
determining the proper amount of gas, and should therefore be carefully studied. 
To assist in adjusting the gas, it will be found very useful to place a small pl-scff of 
looking-glass beneath the tube, L, and to adjust the gas tup nufil the flume between 
the burner and crucible apitears wholly violet or slightly white; hut this test is 
liable to fallacy if employed when the gas is just lighted, bcccuse the coldness of the 
parts makes the flame much whiter tliuu it otherwise should be. It is also fallacious, 
the flame appearing whiter than it really is when the crucible is very hot. It is, 
however, of great assistance, especially at intermediate temperatures. A rough 
deposit upon the outer edge of the crucible indicates au excess of gas ; the deposit is 
carbon. Less gas is required with a crucible in the furnace than without one; also 
less is required when the small hole at the top of the furnace is open than when it is 
closed ; aud less is also required when the furnace is cold than after it has been 
lighted some time, because the draught gradually increases and draws in more air. 
After having accurately adjusted the gas, no further attention to ilie furnace i 1 ' 
requisite. 

Having once found the proper adjustment of gas under certain known conditions, 
it is well to notice the position of the index pointer, n, iu order to be ublo at once to 
adjust it to about the right poiut on other occasions. 

Under ordinary circumstances, during daylight, 1 have found it best to set the pis 
nearly fully on at first, and fully on at about five minutes afterwards, when tin 
draught lias become more powerful; but during twilight, when the supply of gas 
fh«m the pis- works is more free, 1 have set the index poiutcr at the numbers 2.1 or U. 
The gas should lie supplied by a pipe of not less than tliroe-eiglitlis of an inch" here, 
with a main pipe of half an inch ; but all depends upon the pressure of gas at the 
particular locality, which is very variable. The consumption of gas varies from 
thirty to forty cubic feet per hour, the value of which is about twopence. 

The top of the chimney should he placed iu a position where the products of com- 
bustion can pass freely away. If it is placed in au opening or pipe leuding to 
another chimney, care must be taken not to have the draught too powerful, otherwise 
the heat will be’ drawn more into the chimney, and the supply of gas in the daytime 
may be found rather deficient The furnace will act satisfactorily, though le.-s 
powerfully, with the chimney standing in au open room without any special outlet 
for the products of combustion, provided the full height (G feet) of chimney is em- 
ployed. Under other circumstances I have generally used a chimney 4\ or 5 feet 
high. 

This furnace will produce what is generally called^* a white beat ; ” it will readily 
melt half a pound of copper, or six ounces of cast iron. 1 have melted these quan- 
tities in it; it will melt os large a quantity of those substances as the largest sized 
crucible that can be introduced iuto it will contain, sufficient space being reserved 
around the crucible for draught. It requires from twenty to thirty minutes to 
acquire its highest temperature, and then the entrance jmrt of the chimney exhibits a 
faint red heat in thtyliyht. If it exhibits much more than this, the draught is too 
'powerful, and if less, there is not suliicicnt gas. 

When the small hole, i>, is open, some air is drawn in that way, and less air passes 
up with the gas through the tube o, but the cold air does not much diminish the 
temperature ’of tht crucible, because it combines with the excess of gas now passing 
over the edge of the inner cylinder; it, however, renders the flam" round the 
crucible white by deficiency of air, ami this should be partly corrected by lessening 
the guB. An excess of either gas or air renders the surface of melted copper 
dull. * 

When it is desirable to perfectly avoid contuct of air with the fused substance 
daring manipulation, a narrow crucible should he employed, and a thiu ajid narrow 
ring of fire-clay should be placed upon the top of the tube o, to contract its opening ; 
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the flame then closes completely over the top of the crucible, and prevents access of 
air; a proper adjustment of gas, together with exclusion of air in this manner, 
enables a perfectly bright surface of melted copper, or even tin, to be continuously 
maintained, from which the images of parts above are clearly reflected. The day- 
ring may be withdrawn by lifting the plate b. A less perfect exclusion of air may 
be obtained by employing a narrow crucible placed rather low down in itB support 
A small iron dish should be placed beneath the tube L to receive any melted sub- 
stance that may fall. The furnace is protected by letters patent, and may be obtained 
of the licensed manufacturer, E. W. Ball, 11 Islington, Birmingham. The chief 
conditions of snccess in the use of this fnrnacc arc sufficient gas , a suitable degree of 
draught , and prtmer regulation of gas to air. 

Several very ingenious furnaces for use in the laboratory or assay office are fully 
described in Watts* “ Dictionary of Chemistry.** 

FUR- SKIN DRESSING. Fur-skins arc usually dressed by placing them in their 
dri ed s tate in dosed tubs with a little salt butter, where they undergo a treading 
opcraflTm with men’s feet until they arc sufficiently soft, and bend easily. The skins 
if large arc sewn np, the fur being turned inwards ; but if small Bkins, such as ermine, 
are being dressed, they require no sewing. This sewing is preparatory to the greasing 
with butter or lard, and is intended to protect the fur from the grease, and to promote 
the softening in the succeeding treading operation. The skins arc next wetted, and 
their flesh is removed ; or they arc fleshed. See Ccrryino. They arc again sub- 
jected to treading in tubs containing sawdnst, that from mahogany being preferred ; 
and afterwards in tubs containing plaster of Paris, or whitening, sprinkled between 
the skins. The main object of this is to remove the grease which has been used in 
the previons processes. They are then beaten with a stick, and combed ; when the 
dressing is completed. M. Pierre Thirion proposed to soften the skins, not by tread- 
ing, but by beating storks, of a construction like the fulling mill. They are next 
sewn up, and again filled in a strong vessel, where they are forced upwards by the 
beaters, turned over and over, and thus Rpeedily softened. They are now fleshed, and 
then returned to the beating stocks, and mahognny or other sawdust is sprinkled npon 
the fur, before the beating is renewed. They are next placed in a heated barrel, 
furnished within with radial pins for turning the goods over and over, in order that 
they may be acted upon by various dry substances, which are thrown into the barrel, 
and absorb the fat from the skins. Through the hollow shaft of the barrel Bteara is 
introduced, which heats the skins, softening the fat, which is then absorbed by sand, 
flour, or any other desiccative powder. It is proper to take the skins out of the 
barrel from time to time, to comb them. Such as have been sufficiently acted upon 
may then be set aside. They are lastly freed from the dust by being subjected to a 
grated cylinder in a state of rotation, and then combed by hand. 

FUSEL OIL During the rectification of com or grape spirits there is always 
separated a fiery fictid oil of nanscous odour and taste. It is this substance which is 
the cause of the unpleasant effects which are produced upon most persons by even a 
small quantity of insufficiently rectified whiskey or brandy. Any spirit which pro- 
duces milkincss on the addition of four or five times its volume of water may be sus- 
pected to contain it. By repeated rectification every trace may be removed- 

Fusel oil invariably consists of one or more bomologues of the vinic alcohol (C 4 H"0*), 
mixed with variable quantities of the latter substance and water. The nature of fusel 
oil varies much with the source from whence it is obtained. That which is ordinarily 
sold in this country for the purpose of yielding pear essence consists mainly of the 
amylic alcohol (C“R k O*), mixe' 1 with from one-fourth to one-fifth of spirit of wine. 

The progress of organic chemistry has been greatly assisted by the researches which 
have been made npon fusel oil, almost all the amylic compounds hitherto obtained 
having been directly or indirectly obtained from it 

To obtain fusel oil in a state of purity it is necessary, in the first place, to rectify 
it fractionally. By this means it will be found that much alcohol can be removed at 
once. If a great quantity of water and very little vinic alcohol be present, the simplest 
mode of purification is to shake it with water, by which means common alcohol is 
removed in solution, while the amylic alcohol, owing to its comparative insolnbility, 
may he easily separated by the tap-funnel. After drying over chloride of calcium, it 
is to he again rectified once or twice, only that portion distilling atanont 269-6° Fahr. 
(132° Cent) being received. The product of this operation is pure amylic alcohol, 
from which an immense number of derivations of the amylic series can be obtained. 
Jly treatment with sulphuric acid and bichromate of potash it is converted into vale- 
rianic acid. In this manner all the valerianic acid, now so much employed in medi- 
cine is prepared. By distilling amylic alcohol with sulphuric acid and acetate of 
potash, we«obtain the acetate of amyle, commercially known as jargonelle pear essence. 

The foreign fusel oils obtained from the grape marc contain several homologues 
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higher and lower in the series than the' amylic alcohol. In fact, it would appear that 
during the fermentation of grapes there are formed, not only alcohols, but ethers and 
acids. 

M. Chancel, by repeatedly rectify iug the dehydrated and more volatile portions of 
the residues of the distillation of grape marc alcohol, succeeded in isolating a fluid 
boiling at 205° Fahr. This proved to he pure propionic alcohol. M. Warts has also 
been able to obtain the hutylic alcohol by rectifying certain specimens of potato oil. 

All fusel oils arc not so complex. The author of this article has repeatedly examined 
specimens of English and Scotch fusel oil, which did not contain anything save the 
ethylie and amylic alcohols, accompanied by small portions of the acids, which arc 
procured by their oxidation. M. Chancel has given the following equations, which 
explain the manner in which saccharine matters break np into homologous alcohols 
under the influence of ferments. I have reduced the unitary notation employed by 
him into the ordinary formulas used in this country, in order to render the relations 
as clear as possible to tbc reader. 

2C ,2 H ,2 G’ 2 - 8C0 2 + 4C 4 H"0 2 . 

Glucose Alcohol. 

2C ,2 H , *0 ,f = 8CO 2 + C 4 H 8 0 2 + 2C‘H*0 2 + 2HO. 

Fropionic alcohol 

2C ,8 I1 b 0 12 - 8CO* + 2C«H“0 2 + 4HO. 

Bntylic alcohol. 

2C«n ,2 0 ,s = 8CO* + C*H*0* + C'm»0* + 4HO. 

Amylic alcohol. 

M. Chancel appears to consider the last equation as indicating the necessity of pro- 
pionic alcohol being always formed wherever amylic alcohol is generated; but this is 
not in accordance with the results of those chemists who have examined crude amylic 
alcohol repeatedly for propiouic alcohol, but without finding any. The formation of 
these interesting hnmolognes appears therefore to depend upon special circumstances 
connected with the fermentation. 

The caproic alcohol is also contained in certain varieties of fusel oiL 

In order to assist those who may wish to examine the fluid alluded to, the following 
table of the physical properties of the alcohols up as high as the caproic has beeu 
inserted : — 

Table. of the r/u/sical Properties of some Homologous Alcohols found in Fusel Oils. 


Knnii'. 

Olwmoi. 

Formula. 

Moth v lie 

Kthylic 

Propionic - 

Hutylic 

Amylic 

Caproic 

l)iima« and Pellet 
<*nv-I.uiKac - 
Chancel 

Wurt* - 

Halard and Duma* 
Fiigrl - 

rcil'OS 

C»U«0« 

C0U*O* 

UMfll’CP 

C ,a H 11 () 4 



Fusel oil, in addition to these homologous alcohols, contains several fatty acids. 
The following list contains the acids found in fusel oil, with the name of the observer. 


Formic - 
Acetic - r 
Valerianic 
Caproic - • - 

(Euauthylic - 
Capiylic 
Cupric - 
Margaric 


Formula. 

Observer. 

m\K* 

Wetlurill 

iVU'O* 

Kent 

C'HV'O' 

Kent 

C ,s H'=0* 

Wciherill 

(V'U'H) 1 

Mulder, Wethcrill 

C'lI'HV 

Wetherill 

C a H’*0 4 

Eowncy 

cw 

Kolbe 

• 





















424 


FUSIBILITY. 


Fusel oil has been patented as a solvent for quinine, bnt its odcrar, and more espe- 
cially that produced by its oxidation, so persist eutly adheres to anything with which 
it has been in contact, that great care is requisite in the purification. It is remark- 
able that at the first instant of smelling most specimens of fusel oil, the odour is not 
unpleasant, but in a very few seconds it becomes exceedingly repulsive, and provokes 
coughing. — C. 6. W. 

FUSE. Gunpowder, or some explosive agent placed in a case or tube, to fire 
the powder placed in the cannon, or in the hole bored in rocks for blasting. See 
Electricity, Blasting by, for a description of Abel's fuses. See also Safety 
Fuse. 

FUSEES. A name given to a kind of lucifrr-match which does not flame ; this 
match is used exclusively by the smokers of tobacco. Bode of Vienna introduced 
them. A granule of powder, made of the same composition as the ordinary lucifer 
match, is placed at Uie end of a match, and a mixture of charcoal, and nitrate of 
potash surrounds it. The granule of powder is ignited by friction, and this fires the 
otheM^jixture. 

FUSIBILITY. That property by which solids assume the fluid state under the 
influence of heat With a few exceptions, such as carbon and some organic bodies, 
all substances appear capable of assuming the fluid stute. Although we do not 
appear to have actually fused charcoal by means of the voltaic battery, the 
diamond has been fused and converted from a crystalline gem into a mass of opaque 
coke. 

Thenard lias thus grouped the metals: — 

1. Fusible below a red heat: — Mercury, potassium, sodium, tin, bismuth , lead, tellu- 
rium, arsenic, zinc, antimony, cadmium. 

2. Infusible below a red heat: — Silver, copper, geld, cobalt, iron, manganese , nickel 
palladium , molybdenum, uranium, tungsten, chromium , titanium , cerium , osmium , iridium , 
rhodium , platinum, columbium. 

Ponillct has, in his admirable treatise on heat, given the following table of the 
fusing points of various substances : — 


Nitmof. .. 

Mercury - 

Oil of turpentine - 

Ice 

Tallow .... 
Acetic, acid - 
Spermaceti - 

Stearin e .... 
Margaric acid - 
Unbleached wax - 
White wax - 

Stearic acid ... 
Phosphorus ... 
Potassium - 

Sodium .... 
Iodine - 
Sulphur - 

Tin 

Bismuth .... 
Lead - - -* 

Zinc ..... 
Antimony .... 
Bronze - 
Silver, very pure 
Standard gold ... 
Very fine gold - 
White cast iron, very fusible 
White cast iron, second fusion 
Grey cast iron, very fusible - 
Grey cast iron, second fusion 
Manganesed cast iron - 
The more fhsible steels 
t The less fusible steels - 
Soft iron (French) 

English hammered iron 


Ci-ntlgr.idf. 

- —39 

- —10 

0 

33 to 38 

45 

49 

49 to 43 
f»fi to 60 
61 
68 
70 
43 
58 
90 

- 107 

- 114 

- 230 

- 202 

- 320 

- 360 

- 432 

- 900 
- 1000 

- i 1 180 

- 1250 

- 1050 

- 1200 
- 1100 
- 1200 

- 1050 

- 1300 

- 1400 

- 1500 

- 1600 
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FUSIBLE METAL. See Allot. 

This alloy owes its peculiar property of melting at a comparatively low tempe- 
rature to the presence of bismuth. 

8 parts of bismuth, 5 of lead, 8 of tin - melt at 212° F. 

2 do. 1 do. 1 do. - do. 201° F. 

5 do. 3 da 2 do. - da 199° F. 

8 do. 5 do. 4 of tin, and 1 of type metal is an alloy 

much used on the continent for producing costs of metals by the clicftie process. 
A mixture of bismuth, lend, tin, and antimony is used in this country for ob- 
taining copies from wrod blocks. Mr. Cowpcr used 1 of bismuth and 2 of tin 
to make the alloy most suitable for rose engine and eccentric tamed pattern, 
to he printed from after the manner of letter press. A good fusible alloy con- 
sists of— cadmium 2 parts, bismuth 8 parts, tin 2 parts, lead 4 parts; melts at 
100° F, • 

The soft solders used by pewterers consist of tin, lead, and bismuth in various 
proportions ; indeed, bismuth enters to a greater or a less extent into all .I 1 '- soft 
solders. 

Fusible metal has also been employed os a sort of safety valve for steam boilers. 
By adjusting the proportions of the above named metals, an flloy can be made which 
will melt at any required temperature ; therefore, when the boiler rose to this tem- 
perature, the metal plug gave way and the steam escaped. 

FUSTIAN, is a species of coarse thick twecled cotton, and is generally dyed of an 
olive, leaden, or other dark colour. Besides tlic common fustian, which is known by 
the name of pillow (probably pilaw), the cotton stuffs called corduroy, velveret, vel- 
veteen, thickset, used for men’s wearing apparel, belong to the same fabric. The 
commonest kind is merely a tweel of four, or sometimes five leaves, of a very close 
stout texture, and very narrow, seldom exceeding 17 or 18 inches in breadth. It is 
cut from the loom in half pieces, or ends as they arc usually termed, about 85 yards 
long, and after undergoing the subsequent operations of dyeiug, dressing, and foldings 
is r. ady for the market 

The draught and cording of common fustian is very simple, being generally a re- 
gular or unbroken tweel of four or five leaves. Below are examples of a few different 
kinds, selected from those most general in Lancashire. 

The number of leaves of heddles are represented by the lines across the paper, md 
the cording by the ciphers in the little squares, those which raise every leaf being 
distinguished by these marks, and those which sink them left blank, as more particu- 
larly explained in the article Textile Faurtc. 

"When the material is silk, it is called velvet, when cotton, velveteen. A common 
twecled cloth, when composed of silk is called satin ; when of cotton, fustian or jean ; 
of woollen, plaiding, serge, or kerseymere. 


No. 1 Pillow Fustian. No. 2. — Plain Velveret 
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Of the above, each contains four leaves of heddles or healds : that represented by 
No. 1 is wrought by fonr treddlcs, and that which is distinguished by No. 2, by five ; 
the succession of inserting the threads of warp into the heddles will be discovered by 
the figures between the lines, and the order in which the treddlcs are to Ik* successively 
pressed down by the figures below. 


No. 3 — Double Jean. No. 4.— Plain Thicksett. 
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These, like the former, ate wrought with leave*. No. 8 require* four, and No. 4 
five trcddle*. The snocessinn of inserting the threads of warp, and of working the 
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trcddles, are marked by fhc respective xmmbers between and nnder the lines, as in the 
former example. Both are fabrics of cloth in very general nse said estimation as low 
priced articles. 


No. 5. — Best Thicksett No. 6. — Velvet Tuft. 
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These are further specimens of what may be, and is, executed with four leaves, and 
in both examples five t reddles are used. With two other specimens wn shall conclnde 
our examples of this description of work, and shall then add a very few specimens of 
the mace extensive kinds. 


No. 7.— Cord and Vclverct No. 8. — Thicksett Cord. 
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In these the succession of drawing and working are marked like the former. The 
next are examples of patterns wrought with six leaves. No. 9 has eight, and No. 10 
five heddles. 

No. 9.— -Double Corduroy. No. 10. — Genoa Thicksett. 
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In both these the warp is inserted into the heddles the Fame way. The difference 
is entirely in the application of the cords, and in the succession of pressing down the 
treddles. We now give four specimens of the finshed and cut work, k nown by the name 
of velveteen. They are also upon six leaves, and the difference is solely in the cording 
and in the treading. 

No. 1 1. Queen’s Velveteens. No. 12. 
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No. IS. — Plain Velveteen. 


No. 14. — Genoa Velveteen. 
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The additional varieties of figare which might be given are almost endless, bnt the 
limits of this article will not admit a further detail. Those already given arc the arti> 
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clcs in most general use. The varieties of fhney may be indulged to great extent, hut 
it is universally fbnfcd, that the most simple patterns in every department of ornamental 
weaving, are those which attract attention and command purchasers. We shall there- 
fore only odd an example of king's cord, or corduroy, and of Dutch cord, with one of 
Genoa and one of common velvet, to show the peculiarities. 


No. 15. — King's Cord. - No. 1 6.— Dutch Cord. 



1 3 8 * 4 3 6 4 23 1 

6 7 6 


No. 17. — Genoa Velvet— No. 18. — Plain Velvet.' 



After tlic fustian cloth is taken from the loom-hcam, it is carried tn the cutter, who 
rips up the surface-threads of weft, and produces thereby a hairy-looking stuff. 

Preparatory to its being cut, the cloth is spread evenly upon a table about six feet 
long, upon each end of which a roller mounted with a ratchet- wheel is fixed ; the one 
to give off, and the other to wind up the piece, in the above six-feet lengths. 

The knife is a steel roil about two Act long, and three-eighths of an inch square, 
having a square handle at the one end ; the other end is tapered away to a blade, as 
thin as paper. To prevent this point from turniug downwards and injuring the cloth, 
its under side is covered by a guide which serves to stiffen it, as well as to prevent its 
lower edge from cutting the fustian. 

The operative (male or female) grasps the handle in the right hand, and insinuating 
the projecting point of the guide under the weft, pushes the knife smartly forward 
though the whole length of six feet, with a certain dexterous movement of the shoulder 
and right side, balancing the body meanwhile, like a fencer, upon the left foot. This 
process is repeated upon every adhesive line of the weft 

The next process to which fustians are exposed is steeping in hot water, to take out 
the dressing paste. They are then dried, reeled, and brushed by a machine, &c. 
From twenty to thirty pieces, each eighty yards long, may be brushed in an hour. 
The breadth of the cloth is twenty inches. The maceration is performed by immers- 
ing the bundled pieces in tanks of water, heated by waste steam ; and the washing by 
means of a reel or wineb, kept revolving rapidly under the action of a stream of cold 
water, for an hour or longer. , _ 

After being thus ripped up, it is taken to tlie brushing or teazling machine, to make 

it shaggy. . _ , . . _ 

This consists of a series of wooden rollers, timing freely upon iron axles, and 
covered with tin-plate, rough with the burs of punched holes ; and blocks of wood, 
whose concave under surfaces are covered with card- cloth or card-brushes, and which 
are made to traverse backwards and forwards in the direction of the axes of the re- 


volving rollers, daring the passage of the cloth over them. . . 

After tlic}%are brushed in the machine, the goods are singed by passing their cut 
surface over a cylinder of iron, laid in a horizontal direction, and kept red hot by a 
flue. They are now brushed again by the machine, and once more passed over the 
singeing surface. The brushing and singeing are repeated a third or even occa- 
sionally a fourth time, till the cord acquires a smooth polished appearance. 

The goods are next steeped, washed, and bleached by immersion in solntion of 
chloride of lime. They are then dyed by appropriate chemical means. After which 
they are padded (imbued by the padding machine of the calico printers) with a solu- 
sition of glue, and passed over steam cylinders to stiffen them. 

Smooth fustians, when cropped or shorn before dyeing, are called moleskins ; but 
when shorn after being dyed, are called beverteen; they are both tweeled fabrics. 
Cantoon is a fustian with a fine cord visible upon the one side, and a satiny surface of 
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yams running at right angles to the cords upon the other side. The satiny side is 
sometimes smoothed by singeing. The stuff is strong, and has a \ery fine aspect 

FUSTIC, or Yellow Wood. ( Boisjaune , Fr. ; Gdhholz, Germ.) The old fustic 
r of the English dyer. It is the wood of the Mums tinctoria . It is light, not hard, 
and pale yellow with orange veins ; it contains two colouring matters, one resinous, 
and another soluble in water. Clievreul has given the name of morin to the colour- 
ing matter obtained from fustic. It is procured by boiling ground fustic in distilled 
water, passing the decoction rapidly through a filter, and tdlowing the liquid to stand 
for several days, when the colouring matter (morin) is precipitated. 

The decoctions of fustic in water are brightened by the addition of a little glue, and 
still more so by curdled milk. This wood is rich in colour, and imparts permanent 
dyes to woollen stuffs, when aided by proper mordants. It unites well with the blue 
of the indigo vat, and Saxon blue, in producing green of various shades. Alum, 
tartar, and solution of tin, render its colour more vivid ; sea salt and sulphate of iron 
deepen its hue From A to G parts of old fustic are sufficient to give a lemon colour 
to 1G pu£ts of cloth. This wood is often employed with sulphate of iron in producing 
olive and brownish tints, which agree well with its dull yellow. For the some reason 
it is much used for dark greens. 

The bichromates of potash and of lead, have nearly superseded the use of fustic, 
hut still, it is employed for producing some green in cotton yarn, and in light cotton 
fabrics, as gauzes and muslins. 

FUSTIC, Young. (JFustct, Fr.) The wood of the Rhus cotinus , a shrub which 
grows principally in the south of France and in Ituly, called also Venetian sumach. 
This wood contains a Inrgc quantity of yellow colouring matter, named fu&Uric . 
This colouring matter has a strong attraction for oxygen, which affects its use us u 
dye, rendering it very fugitive. It is rarely used alone, hut as an assistant to strike 
some particular tint. 

FUSTIN. A name given to the colouring matter of the Rhus Cotinus or young 
fustic. 


Gr. 


G All! AN OIL. A mineral naphtha exuding from a bituminous shale at Gabian in 
Languedoc. 

G ABRON1TE, is a yellowish stony substance, of a greasy lustre. This mineral 
is distinguished by the large quantity of soda which it contains; its constituents 
being, silica, 54; alumina, 24; soda, 17 -2ft; magnesia, 1*5; oxide of iron, 1*25; 
water, 2. It is most probably a variety of Seapolite. 

GAD. A miner’s tool ; a pointed wedge having its sides of a parabolic fignre. 

G ADID/E. 7 he cod-fish family. This family of fishes is one of much importance 
to man. The value of the fisheries established in various parts of the northern seas 
is very great (see Con). The common cod, Morrhua ca Haris, is one of the most 
important species of this family. The catching and caring of this fish give employ- 
ment to thousands. The haddock ( Morrhua ergkfinus) is nearly allied to, although 
smaller than, the cod. The cc »l*fisli ( Merlaugus carbouarius) is much less valuable 
than cither the cod or haddock. It is a coarse fish and derives its name from the 
dusky pigment which tinges the skin, and soils the fingers like moist coal. The 
Whiting ( Afcrhtugns vulgaris) is a well-known fish forming a delicate article of food. 
The hake or stock fish (Merlucius vulgaris) is caught very abundantly on our southern 
coasts, and forms a valuable article of food; prejudice alone keeps It from taking it* 
place at the tables of the wealthier classes. The ling {Lota ntolva) is caught in 
abundance arouud the Scilly Isles and the coast of Scotland, forming a considerable 
article of commerce. The torsk ( Brosmius hrosme) is found in great quantity 
around the Shetland Isles, where it is much prized. The best cod-Jivcr-oil is obtained 
from the livers of this fish. 

GADOLINITE ; called also Yttrite and Yttorbyte ; is a mineral of a black, 
brownish, or yellowish colour, granular, or compactly vitreous and conclioidal 
fracture ; of sp. gr. 4*0 to 4 ft, readily scratching glass ; at the blowpipe it forms an 
opaque glass, sometimes with intumescence, but does not fuse into a bead. It is 
remarkable for containing from 45 to 55 per cent of the earth yttria : its remaining 
constituents being silica, 25*8 ; oxide of cerium, 17*92 ; oxide of iron, 11*43. This 
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mineral, which is very rare, is found in Sweden ; also at Disko in Greenland ; in 
the south of Norway ; and near Galway. Its peculiar constituent was discorered by 
Professor Gadolin, after whom it is named. 

GAG ATES. The name by which Jet was known to the ancients, derived pro- 
bably from Gagis, a town in Lycia, where it was said to have been found. See Jet. 

GALACTITE, so called from its giving the colour of milk to water, when 
triturated with that fluid; recent analyses have shown it to be natrolite. See 
Natrolttt!. 

G ALACTOMETETt, or LACTOMETER, is an instrument to ascertain the 
quality of milk; an article often sophisticated in various ways. Fresh milk, rich in 
cream, has a less specific gravity than the same milk after it has been skimmed ; 
and milk diluted with water becomes proportionally lighter. Hence, when our 
purpose is to determine the quantity of creurn, the gulactometor may consist merely 
of a long graduated glttss tube standing upright upon a sole. Having filled 100 
measures with • the recent milk, we shall see, by the measures of cream thrown up, 
its value in this rcs]>ect A delicate long-ranged glass hydrometer, graduated from 
1-000 up to 1-060, affords the most convenient means of detecting the degree of 
watery dilution, provided the absence of thickening materials has been previously 
ascertained by filtration. Good fresh milk indicates from 1*030 to 1*032; when the 
cream is removed, 1*035 to 1*037. When its density is less than 1*023, we may 
infer it has been thinned with water. 

GALEANITM is a gum-resin, which exudes either spontaneously or from incisions 
made into the stem of the button gafbanum , a plant of the family of vmhetfifertr , which 
grows in Africa, particularly in Ethiopia. It coutuins 67 of resin; 19*3 of guui ; 
6*4 of volatile oil and water; 7*5 of woody fibres and other impurities ; with traces 
of acid malate of lime. 

GALENA ( Plumb sulfure , Fr. ; Jikujhnz, , Germ.) is a sulphide (sulphnrot) of 
lead. It is of a lead-grey colour, crystallises in the cubical system, and is susceptible 
of cleavages parallel to the faces of the cube; sp. gr. 7*7592 ; cannot be cut; fusible 
at the blowpipe with exhalation of sulphureous vapours; is easily reduced to metallic 
lead. Nitric acid first dissolves it, and then throws down sulphate of lead in a 
white precipitate; the solution aflbrd : :ig with plates of zinc brill bint laminin of lead 
(arbor Salurni). It consists of sulphur 13 ; lead S5 ; with a little iron, and generally 
a small quantity of silver. This is the richest ore of lead, and it occurs in almost 
every geological formation, in veins, in masses, or in beds. Galena in powder, 
called Alquifoux, is employed as a glaze for coarse stoneware. Sec Lead. 

G A LI POT, is a name of a white semi-solid viscid resin, found on fir-trees ; or an 
inferior sort of turpentine, poor in oil. 

GALL OF ANIMALS. A peculiar fluid, called also bile , secreted by the cells 
of the liver ; it is taken lip by the biliary ducts, which unite to form the hepatic duct, 
by which the secretion is either discharged directly into the duodenum, or is 
conveyed through the cystic duct into the gall bladder, wherein it becomes accumu- 
lated and to some extent inspissated. Gull or bile from different animals finds 
several uscb in the arts. It is used for cleansing woollen goods, and by artists it is 
employed to ensure the uniform spreading of water colours ujum paper. For the 
constitution of the gall of different animals, sec Watts’ “ Dictionary of Chemistry.” 

GALL OF GLASS, culled also S ANDIVER, is the neutral salt skimmed off the 
surface of melted crown glass ; which, if allowed to remain too long, is apt to be re- 
absorbed in part, and to injure the quality of the metal, os the workmen coll it. See 
Glass. 

GALL ATES; salts consisting of gallic acid combined with bases ; the most im- 
portant being that with oxide of iron, constituting a principal part of the black dye. 

GALLERY, in mining , in some districts, an underground horizontal excavation. 

GALLI AIM), a north of England term for a hard, smooth, flinty grit 

GALLIC ACII> is the peculiar acid extracted from gall-nuts. See Gall-xtjts. 

G ALLLPOJJ OIL is a coarse olive oil, containing more or less mucilage, imported 
from a seaport so named, of the province of Otranto, in the kingdom of Naples. 
See Olive Oil. 

GALL-NUTS or GALLS (AW tie Guile, Fr. ; Gallopfcl Germ.), are ex- 
crescences found upon the leaves and leaf stalks of a species of oak, called Quervua 
infevtoria, wliidh grows in the levant. They are produced in consequence of the 
puncture of tjie female of the gall wn*\i (Ct/nipsfolii qucrcus\ made in order to deposit 
her eggs; round which the juice of the tree exudes, and dries i:i concentric portions. 
When the insect gets fully formed, it eats through the nut and flics off. 

The Levant galls aro of two different appearances and qualities ; the first arc heavy, 
compact, imperforated, the insect not having been sufficiently advanced to eat its way 
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through the shell ; prickly on the surface ; of a blackish or bluish green hue ; about 
the rise of a musket ball. These are called block, blue, or Aleppo galls. The second 
are light, spongy, pierced with one or more holes ; smooth uponHhe surface, of a pale 
greyish or reddish yellow colour, generally larger than the first, and are called white 
galls ; but they are inferior to the former, and great care should be taken in the pur- 
chase of the best quality, for these are often dyed by dishonest traders to imitate the 
best blue Aleppo galls, but the fraud may be detected by the small hole made by the 
insect in the white galls, so that if the blue galls have holes, we may be sure they 
are not genuine. 

Besides the galls of the Levant, others come from Dalmatia, Illyria, Calabria, 
& c. ; but they are of inferior quality, being found upon the Quereua cerrut ; they ore 
smaller, of a brownish colour, and of inferior value. The farther south the galls are 
grown, the better they are reckoned. 

The galls of the Quereua cerria and common oak ( Grilles a Vtpinc, Fr. j Knoppem , 
Germ.) are of a dork-brown colour, prickly on the surface, and irregular in shape 
and sise. They are used chiefly for tanniug in Hungary, Dalmatia, and the southern 
provinces of the Austrian states, where they abound. 

Galls consist principally of three substances ; tannin, or tannic acid; yellow extrac- 
tive ; and gallic acid. Their decoction has a very astringent and unpleasant bitter 
taste. The following aje their habitudes with various reagents : — 

Litmus paper is powerfully reddened. Stannous chloride (protamuriate of tin ) pro- 
duces an Isabel yellow precipitate. Alum; a yellowish grey precipitate. Acetate 
of lead ; a thick yellowish white precipitate. Acetate of copper ; a chocolate brown 
precipitate. Ferric sulphate (red sulphate of iron) ; a blue precipitate. Sulphuric 
ucid : a dirty yellowish precipitate. Acetic acid brightens the muddy decoction. 

Tannin or tannic acid is prepared as follows : Into a long narrow glass adopter tube, 
shut at its lower orifice with a cotton wick, a quantity of pounded galls are put, and 
slightly pressed down. The ta]>cring end of the tube being inserted into a matrass or 
bottle, the vacant upper half of the tul)e is filled with sulphuric ether, and then closed 
with a ground-gloss stopper. Next day there will be found in the bottle a liquid in 
two distinct strata ; of which the more limpid occupies the upper part, and the other, 
of a sprupy consistence and amber colour, the lower. More ether must be filtered 
through the gulls, till the thicker liquor ceases to augment. Both are now poured 
into a funnel, closed with the finger, and after the dense liquor is settled at tho bottom, 
it is steadily run off into a capsule. This, after being wariied repeatedly with ether, 
is to be transferred into a stove chamber, or placed under the receiver of an air ptwip 
to be evaporated. The residuary matter swells up in a spongy crystalline form of 
considerable brilliancy, sometimes colourless, but more frequently of a faintly yel- 
lowish hue. 

This is pure tannin, which exists in galls to the amount of from 40 to 45 per cent. It 
is indispensable that the ether employed in the preceding process be previously 
agitated with water, or that it contuiu some water, because by using anhydrous ether, 
not a jiarticle of tanuin will be obtained. 

Tannic acid is a white ^ r yellowish solid, inodorous, extremely astringent, very solu- 
ble in water and alcohol, much less so in sulphuric ether, and uncrystallisable. Its 
watery solution, out of contact of air, undergoes no change ; but if, in a very dilute state, 
it be left exjK)Red to the atmosphere, it loses gradually ils transj>arency, and lets fall 
a slightly greyish crystalline matter, consisting almost entirely of gallic acid. For pro- 
curing this acid in a perfectly pure state, it is merely necessary to treat that solution 
thus changed with animal charcoal, and to filter it in a boiling state, through paper 
previously washed with dilute muriatic acid. The gallic acid will fitll down in crystals 
us the liquid cools. 

If the preceding experiment be made in a graduated glass tube containing oxygen 
over mercury, this gas will be absorbed, and a corresponding volume of carbonic acid 
gas will be disengaged. In this case the liquor will appear in the course of a few weeks 
as if traversed with numerous crystalline colourless needles of gallic acid 

Tannin or tannic acid consists of carbon, 51*5o ; hydrogen, 4*20 ; oxfygen, 44*24. 

From the above facts it is obvious that gallic acid does not exist ready formed in 
gall-nuts, but that it is produced by the reaction of atmospheric oxygen upon the tannin 
of these concretions. 

Gallic acid is a solid, feebly acidulous and styptic to the taste, inodorous, crystallis- 
ing in silky needles of the greatest whiteness; soluble in about 100 times its weight of 
cold, and in a much smaller quantity of boiling water ; more soluble in albohol than in 
water, but little so in sulphuric ether. 

Gallic acid does not decompose the salts of protoxide of iron, but it forms, with the 
snlphate of the peroxide, a dark blue precipitate, much less insoluble than the tannute 
of iron. 



GALVANISED IRON. 


481 


Galls imported in 1863 and 1864:— 


1868. 



it 


Cwts. 

Computed real value 

From 

Greece- - 

- 

475 

£2,318 

n 

Turkey Proper - 

- 

1,411 

7,007 

» 

Syria and Palestine 

Egypt - 

- 

4,799 

23,436 

it 

- 

336 

1,620 

tf 

Japan - 

- 

550 

1,512 

t> 

India, Singapore, and Ceylon 

1,087 

5,542 

tt 

Other parts - 

- 

207 

902 




8,865 

42,337 





1864. 




Cwti. 

Computed real value. 

From 

France - 


712 

£6,214 

h 

Austrian Territory- 


391 

3,430 

»» 

it 

Syria and Palestine 

China - 


727 

2,116 

6,302 

6,692 

tt 

Japan - 


1,804 

5,778 

t, 

British India: — 





Bombay and Scinde 

- 

1,564 

• 12,207 

tt 

Other parts - 

- 

G84 

5,772 




7,998 

46,395 


GALVANISED IRON. This is the name, improperly given, first in France, and 
subsequently adopted in this country, to iron coated with sine by a peculiar ]>ateut 
process. 

In 1837 Mr. 31. W. Crawfurd patented a process for zincing iron. In the u lie - 
pertory of Patent Inventions ” his process is thus described: — Sheet iron, iron castings, 
and various other objects in iron are cleaned uud scoured by immersion in a hath of 
-water, acidulated with sulphuric acid, heated in a leaden vessel, or used cold in one 
of wood, just to remove the oxide. They are then thrown into cold water, and taken 
out one at a time to be scoured with sand and water with a piece of cork, or more 
usually with a piece of the husk of the cocoa nut, the ends of the fibres of which serve 
as a brush, and the plates are afterwards thrown into cold water. 

Pure zinc covered with a thick layer of sal-ammoniac is then melted in a bath, and 
the iron, if in sheets, is dipped several sheets at a time in a cradle or grating. The 
sheets are slowly raised to allow the superfluous zinc to drain off, and are thrown 
whilst hot into cold water, on removal from which they only require to be wiped 
dry. 

Thick pieces are heated before immersion in a reverberatory furnace, to avoid 
cooling the zinc. Chains are similarly treated, and on removal from the zinc require 
to be shaken until cold to avoid the links being soldered together. Nails and small 
articles are dipped in muriatic acid, and dried in a reverberatory furnace, and then 
thrown altogether in the zinc, covered with the sal-ammoniac, left for one minute, and 
taken out slowly with an iron skimmer ; they come out in a mass soldered together, 
and for their separation arc afterwards placed in a crucible and surrounded with 
charcoal powder, then heated to redness and shaken about until cold for their separa- 
tion. Wire is reeled through the zinc, into which it is compelled to dip by a fork or 
other contrivance. It will be understood tbat the zinc is melted with a thick coat of 
sal-ammoniac to prevent the loss of zinc by oxidation. 

Mr. Mallett coated iron with zinc by the following process: — 

The plates are immersed in a cleansing bath of equal parts of sulphuric or muriatic 
acid and water, used worm ; the works are then hammered and scrubbed with emery 
and sand to detach the scales, and to thoroughly clean them ; they are then immersed 
iu a “ preparing bath ” of equal parts of saturated solutions of muriate of zinc and sal- 
ammoniac, from which the works are transferred to a fluid metallic bath, consisting of 
202 parti of mercury and 1292 parts of zinc, both by weight, to every ton weight of 
which alloy is added above one pound of either potassium or sodium, the latter being 
preferred. As soon as the cleaned iron-works have attained the melting heat of the 
triple alloy, the^ are removed, having become thoroughly coated with zinc. At the 
proper fusing temperature of this alloy, which is about 680° Fahr., it will dissolve a 
plate of wrought iron of an eighth of an inch thick in a few seconds. 

Morewood and Rogers's galvanised tinned iron is prepared under several patents. 
Their process is os follows: — _ . . 

The sheets arc pickled, scoured, and cleaned just the same as for ordinary tinning, 
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A large wooden bath is then half filled with a dilate solution of mariate of tin, pre- 
pared by dissolving metallic tin in concentrated muriatic acid, which requires a period 
of two or three days. Two quarts of the saturated solution are added to 300 or 400 
gallons of the water contained in the bath. Over the bottom of the bath is first spread 
a thin layer of finely granulated sine, then a cleaned iron plate, and so on, a layer of 
granulated sine and a cleaned iron plate alternately, until the bath is full i the zinc 
and iron together with the fluid constitute a weak galvanic battery, and the tin is 
deposited from the solution so as to coat the iron with a dull uniform layer of metallic 
tin in about two hours. 

The tinned iron is then passed through a bath containing fluid sine, covered with 
sal-ammoniac mixed with earthy matter, to lessen the volatilisation of the sal-ammo- 
niac, which becomes as fluid os treacle. Two iron rollers immersed below the sur- 
face of the zinc, are fixed to the bath and are driven by machinery to carry the plates 
through the fluid metal at any velocity previously determined. The plateB are received 
one hy one from the tinning bath, drained for a short time, and passed at once, whilst 
still wet, by means of the rollers, through the bath as described. The plates take np 
a very regular and smooth layer of zinc, which, owing to the presence of the tin 
beneath, assumes its natural crystalline character, giving the plates an appearance 
resembling that known as the moiree metalliquc. — See Hunt's Handbook to the Great 
Exhibition. c 

It is stated that galvanised iron plates cut with shears so as to expose the central 
iron become zinced round the edges, and at the holes where the nails were driven. 
We are also informed that ungalraniscd iron will, if moist when near galvanised 
plate, become zinced, and that telegraph wires, where cut through, become coated by 
the aetiou of the rain-water on the galvanised portion of the surfaces. 

It has been stated that the galvanised iron is not more durable than unprotected 
iron ; that, indeed, where the zinc is by any accident removed the destruction » more 
rapid than ordinary. We have made especial inquiries, and find that in forges where 
there is any escape of sulphur vapour the galvanised iron does not stund well ; hut 
that under all ordinary circumstances it has the merit of great durability in addition 
to its other good qualities. 

GALV ANO-PL ASTIC. The German name of Electro-metallurgy. 

G A MUIR, or GAMBIER. The Malayan name of an extract obtained from the 
Uncaria Gumbicr. It is the Terra Jajtonica of tanners. 

Two methods of obtaining gambir are described : one consists in boiling the leaves 
in water, and inspissating the decoction; the other, which yields the best gambir, 
consists in infusing the leaves in warm water, by which a fccula is obtained, which is 
inspissated by the heat of the sun and formed into cukes. The best gambir is made 
at ilhio, in the Isle of Brittany, in the Eastern Archipelago ; and the next best is 
that of Lingin. It is principally imported from Singapore, and is used principally for 
tanning, under the name of Terra Japonica. The Mimosa catechu yields a different 
extract lrom the gambir, but cateebu and gambir are often con founded. 

The imports of Gambir or Gam bier were, in 1863, 10,822 tons, value 241,442/; 
in 1864, 1 1,426 tons, value 287,022/. 

GAMBIR CATECHU. See Catechu. 

GAMBOGE. Gonune guile , Fr. ; Gutli , Germ.) Gamboge appears to have 
been first brought from China about 1603, and its oriental name was said to be 
Ghittaiemon. 

It is generally supposed to be produced from the Hchradendron camltogfoidcs of 
Graham, and the Xanthachymun ova I if alius of Roxburgh. In Ceylon the gamboge is 
obtained by wounding the bark of the tree in various places with a sharp stone, when 
the flowers begin to appear. Gamboge is imported from Siam, by way of Singapore 
and Penang. It is known in three forma In rolls or solid cylinders ; in pipes or 
hollow cylinders ; in cakeB or amorphous masses. Gamboge in small quantities is 
also obtained in Ceylon. 

Gamboge consists of resin, 74*2 ; soluble gum. 21*8 ; moisture, 4*8. 

Gamboge is employed as on artist’s colour ; it is used to coloux varnishes and 
lacquers, and it is administered medicinally. 

Onr imports of gamboge were in 1863, 388cwta, value 3, 26821; in 1864, 42 cwts., 
value 5204. 

GAMBOGIA. The genus of plants yielding gamboge. Theumuch esteemed 
mangosteen is a fruit of one of the family. 

GAMMAM. A dye stuff, so called, from Tania Examples were sent to this 
countiy in 1851, but it does not appear to have been introduced since that time. 

9 G ANGUE. A word derived from the German gang, a vein or channel. It sig- 
nifies the mineral substance which either encloses or usually accompanies any metallic 
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ore hi the vein. Quartz, lamellar carbonate of lime, sulphate of baryta, sulphate 
and fluate of lime, generally form the gangues ; hut a great many other substances 
become such when tftey predominate in a vein. In mineral works the first thing is 
to break the mixed ore into small pieces, in order to separate the valuable from the 
useless parts, by processes called stamping, picking, sorting. See Minzxg. 

GARANC1N. See Madder. 

GARANCEUX. Sec Madder. 

GARLIC. Allium sativum, This plant is well known, and is much used in flavour- 
ing sauces. 

It iB found by analysis to contain an acrid volatile oil, gum, woody fibre, albumen, 
water, with sulphur, starch, and saccharine matter. The oil of garlic is a sulphide of 
allyle, A11S - CH*S. 

GARNET. ( Grenat, Fr.) Garnet is a Bilicate of some base, which may be lime, 
magnesia, oxide of iron, &c. 

There are six«ub-species of garnet, via. : — 

1. Alumina-lime garnet , consisting of the silicates of alumina and lime. 

IL Alumina-mayntsia garnet, consisting of the silicates of alumina and magnesia. 

III. Alumina-iron garnet , consisting of the silicates of alumina and iron. 

IV. Alumina-manganese garnet, consisting of the silicates of alumina and man- 
ganese. > 

V. Iron-lime garnet, consisting of the silicates of iron and lime. 

VI. Lime-chrome garnet , consisting of the silicates of lime and oxide of chromium. 

I. Lime-garnet, or grossular, is composed of silica, 40' 1 ; alumina, 22*7; lime, 37*2 

«* 1001). Colour, pale greenish, clear red, and reddish orange, einnamon colour. 
Before the blowpipe, fuses to a slightly greenish glass or enamel ; soluble, when pow- 
dered, in concentrated muriatic acid. 

This section comprises cinnamon-stone or Essonite, grossular or Wiluite, Konian- 
xovitc, topaxolite, and succinite. 

il. Magnesia-garnet is of a deep coal-black colour, with a resinous lnstre. The 
variety from Arendal is composed of silica, 42*45; alumina, 22*47 ; protoxide of iron, 
9*29 ; protoxide of manganese, 6*27 ; magnesia, 13*43 ; lime, (i*53 «= 100*44. — ( Wiicht- 
uuixttr.) Before the blowpipe, easily fusible, fanning with intumescence a dark 
greyish-green globule, which is non-magnetic. 

III. Iron-garnet comprises the ulraandinc or precious garnet, alloeliroite, and com- 
mon garnet It is composed of silica, 36*3 ; alumina, 20*5; protoxide of iron, 43*2 — 
100*0. Before the blowpipe, fuses rather easily with au iron reaction. 

IV. Manganese-gurnet, or sjiessartine, is of a brownish-red colour, and is composed 
of silica, 35 83; alumina, 18U(i; protoxide of iron, 14*93; protoxide of manganese, 
30*90 ==99 -78. (Analysis of M. garnet from lluddmn, IJ.S., by Seybert .) Before the 
blowpipe, gives a manganese reaction. 

V. Iron- lime garnet includes aplome, colopltouile, melauite, and pyrcncite. These 
vary in colour from dark red, brown ish-hluck, to black, and possess a shining lustre, 
which is sometimes resinous, as in colopbonite. 

Analysis of the aplome of Altenau : — Silica, 35*04 ; lime, 29*22 ; protoxide of iron, 
30 00 ; protoxide of muugauese, 3*01 ; potash, 2*35 =. 100*22. — Wiichtmeister . 

VI. Lime-chronic garnet, or onvurovite, is of au emerald-green colour. Sp. gr., 
3*418. Before the blowpipe it is infusible alone, but with borax affords a chrome- 
green glass. It occurs at Bisecrsk, in Russia. 

Analysis by ErdmJtam : — Silica, 36*93 ; alumina, 5*63; peroxide of iron, 1*96; oxide 
of chrome, 21*84; magnesia, 1*54 ; carbonate of lime, 31*00 ; oxide of copper, a trace 
*-=99 58. 

The garnet varies greatly iu transparency, fracture, and colour; but when the 
colours are rich, and the stone is free from flaws, it constitutes a valuable gem, which 
may be distinguished by the following properties : — 

The colour should be blood or cherry -red; on the one hand often mixed more or 
less with blue, so us to present various sliudes of crimson, purple, and reddish violet, 
und on the othei+liand, with yellow, so as to form orange-red and hyacinth brown. 

The stones vary in size from the smallest pieces that can be worked to the size of 
a nut. When above that size they are scarcely ever free from fluws, or sufficiently 
transparent for the purposes of the jeweller. 

The garnets of commerce are procured from Bohemia, Ceylon, Pegu, and the Brazils. 
By jewellers they are classed as Syrian, Bohemian, or Cingalese, rather from their 
relative value afcd fineness, than with any reference to the country from which they 
are supposed to have l>ecn brought . 

Those most esteemed are called Syrian garnets, not because they come from Syria 
but after Syrian, the capital of Pegu, which city was formerly llic chief mart for the 
finest garnets. The colour of the Syrian garnet is violet- purple, which, ip some rare 
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instances, Ties with that of the finest oriental amethyst ; hat it may he distinguished 
from the latter hy acquiring an orange tint by candle-light. T^e Syrian garnet may 
he also distingniBhed from all the other varieties of garnet in preserving its colour 
(even when of considerable thickness and unassisted by foil), unmixed with the bhick 
tint which usually obscures this gem. The Bohemian garnet iB generally of a dull 
poppy-red colour, with a very perceptible hyacinth -orange tint when held between 
the eye and the light. * When the colour is a full crimson it is called pyropc, or fire 
gurnet, a stone of considerable value when perfect and of large size. 

The best manner of cutting the pyrojKS is en cahoclum , with one or two rows of small 
facets round the girdle of the stone. The colour appears more or less black when 
the stone is cut in steps, but when cut en cabochon, the points on which the light falls 
display a brilliant fire-red. 

Garnet is easily worked, and when facet-cut is nearly always (on account of the 
depth of its colour) formed into thin tablcR, which are sometimes concave or hollowed 
out on the under side. Cut stones of this latter description, when skiifully set, with a 
bright silver foil, have often been sold as rubies. 

The garnet may be distinguished from corundum or spinel by its duller colour. 
Course garnets reduced to a line powder are sometimes used as a substitute for emery 
hi polishing metals. 

J Join: m iun gurnet. See Ptrope. — II. W. B. 

(1 AS. {Gas, Fr. ; Gaz, Germ.) The generic name of all such elastic fluids as are 
aeriform under a considerable pressure, at the zero of Fahrenheit. Oxygen, hydrogen, 
and nitrogen, are permanent gases ; many of the other v&poriform bodies have been 
condensed by the joint power of cold and mechanical force. Sec Watts* “ Dictionary 
of Chemistry See Coal Gas. 

GAS-ENGINE. (Lenoir's patent .) From time to time various formR of 
explosive engines have been introduced. Lenoir's, which is the last one of this 
description which has engaged the public attention, differs in principle but little 
from those gas-engines hy which it lias been preceded. 

It resembles an horizontal steam engine in outward appearance, bnt Hie motive 
power is obtained by exploding a mixture of coal-gas and air on each side of the 
piston. The explosion is effected by means of a small galvanic battery, which is 
alternately put in circuit with wires at either end of the cylinder by means of un 
insulated conductor sliding on the cross head of the piston. Two slide valves are 
employed, driven by eccentrics in the usual manner ; one serving for the admission 
of the mixed gases, the other covers the ports, for the removal of the gases produced 
by the explosion. The cylinder is kept cool by a current of water, which circulates 
about its outer surface. 

From a report on the mechanical effect produced by this engine, recently pub- 
lished hy Mr. Tresco, the following data have been obtained. 

The hourly consumption of gas per effective 1I.P. is 101 ’7 cubic feet The ignition 
of the gases in the interior of the cylinder is effected at a temperature of 586° 
Fahrenheit, and about 175 gallons of water, at C4° Fahrenheit, are employed per 
hour in cooling the cylinder, the temperature being raised by the contact of the 
heated metal to 105° Fahrenheit. 

It will therefore be seen that there iB no economy to be obtained from the use of 
this engine in the place of steam power, but it may be conveniently employed for the 
production of a small power in places where it is considered desirable to diKpeuse 
with the use of steam boilers. Another, and perhaps more formidable objection, is 
pointed out by Mr. Tresco ii. the fact, that a trace of nitric acid is invariably found 
in the products of the explosion which results from the oxidation of a minute 
quantity of the nitrogen in the air employed, and which is likely to exert a destruc- 
tive influence on the interior of the cylinder. 

C. W. Siemens has also a gas engine of a similar construction to the above, but it 
is provided with a regenerator for saving a great part of the heat, which would 
otherwise be discharged with the waste gases, and there are theoretical grounds for 
expecting it to be economical. 

GASES, ABSORPTION OF. All bodies, liquid or solid, absorb gases, the 
amount of gas absorbed depending on some mechanical conditions which are hy no 
means satisfactorily explained. This is not the place to enter into any examination 
of this most interesting and important question. Yet, as the consideration of the 
phenomena involved is continually pressing itself upon the manufacturer, some brief 
notice appears necessary. 

Gases are absorbed by liquids under two distinct sets of laws, according as the gas 
inters into chemical combination with the liquid or not The amount of gas 
absorbed by a liquid, on which it exerts no chemical action, depends on the specific 
nature of tic gas and the liquids, ou temperature, and on pressure. 
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Oases are absorbed by solids in virtue of Borne power residing upon their snrihces. 
The phenomena of ^catalytic ” action, of “ capillary ” attraction, and of “ exosmose ” 
and “ endosmose,” appear to be all due to tlio force which compels the condensation 
of gases —and liquids — upon the surfaces of all solids. Under Charcoal, many 
examples of this are given. The whole subject demands an investigation which it 
has not yet received. See Watts* “Dictionary of Chemistry” for a very full 
description of all the important experiments which bear upon the subject 

OASES, DIFFUSION OF. All gases, and all vapours, have a tendency to 
diffuse themselves through one another. The spontaneous evaporation of water is 
an example of vapour diffusion. The way in which coal gas mixes itself into the 
air of an apartment is one of gas diffusion. The point to be remembered, however, 
is that this diffusion readily takes place in opposition to the law of gravity. As 
a light gas, contained in a vessel with an oj>en mouth inverted, gradually descends— 
is diffused— info the heavier gas in which it may be placed, and eventually a 
mixture of the two is effected. 

This subject has been very carefully investigated by Professor Graham. See 
his “ Elements of Chemistry,” and Watts’ “ Dictionary of Chemistry.” 

GASES, OSMOSE OF. The phenomenon of the passage of a gas through 
membranaceous diaphragms is so called. See Graham’s pgper in the Philosophical 
Transactions of the Royal Society. 

GASES, TRANSPIRATION OF. The passage of gases through capillary 
tul>es. All these phenomena are well explained in Watts’ “ Dictionary of Chemistry.” 

GAS HOLDER. A vessel for containing and preserving gas, of which various 
forms are described by chemical writers. 

GAS, LAUGHING. I'rotoxide of Nitrogen ; also Protoxide of Azote, and Nitrous 
Oxide . This gas is always prepared from the nitrate of ammonia; it was first 
described by Priestley in 1770, and carefully studied by Davy. This gas is chiefly 
remarkable for the peculiar intoxication which it produces wli«»n breathed. It is not 
to be used without much caution, if it is not very pure, serious consequences may 
ensue; and even when absolutely pure, the editor lias seen the nitrous oxide 
produce very distressing effects. It is not used in the arts. See Watts' “Dictionary 
of Chemistry.” 

GAS-METER. See Coal-Gas. 

GASOMETER, means properly a measurer of gas, though it is employed often 
to denote a recipient of gas of any kind. See Coal-Gas. 

GA8-PIPES. When the illumination by gas was first introduced in the large 
way by Aaron Manby, Esq., then of the llorslcy Iron Works, the old musket barrels, 
laid by in quiet retirement from the fatigues of the last war, were employed for the 
conveyance of gas ; and by a curious coincidence, various iron foundries desisted in 
a great measure from the manufacture of iron orduunce, and took up the peaceful 
employment of casting pipeB for gas and water. 

The breecli-ends of the musket-barrels were broached and tapped, and the muzzles 
were screwed externally, to connect the two without detached sockets. From the 
rapid increase of gas illumination, the old gun -barrels soon became scarce, and new 
tubes, with detached sockets, made by the old barrel forgers, were first resorted to. 
This led to a series of valuable contrivances for the manufacture of the wrought iron 
tulies, commencing with the Russell's patent, in 1824, under which the tubes were first 
bent up by hand hammers and swages, to bring the edges near together ; and they 
were welded between semi-circular swages, fixed respectively in the anvil, and the 
face of a small tilt hammer worked by machinery, by a series of blows along the tnbe 
either with or without a mandrel. The tube was completed on being passed between 
rollers with half-round grooves, which forced it over a conical or egg-shaped piece at 
the end of a long bar to perfect the interior surface. 

Various steps of improvements have been since made; for instance, the skelps were 
bent at two squeezes, first to the semi-cylindrical, and then to the tubular form pre- 
paratory to welding, between a swage tool five feet long worked by machinery. The 
whole process was afterwards carried on by rollers, but abandoned on account of the 
unequal velocity at wihcli the greatest aud least diameters of the rollers travelled. 

In the present method of manufacturing the patent welded tube, the end of the skelp 
is bent to the circular form, its entire length is raised to the welding beat in an ap- 
propriate furnacd, and as it leaves the furnace almost at the point of fusion it is dragged 
by the chain qf a draw-bench, after the manner of wire, through a pair of tongs with 
two bell-mouthed jaws, these are opened at the moment of introducing the end of the 
skelp, which is welded without the agency of a mandrel • 

By this ingenious arrangement wrought-iron tubes may be made from the^diamcter 
of six inches internally, and about one-eighth to three-eighths of an inch thick,, to as 
mall as one quarter inch diameter and one-tonth bore ; and so admirably is the 
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joining effected in those of the best description, that they will withstand the greatest 
pressures of gas, steam, or water to which they have been subjected, and they admit 
of being bent both in the heated and cold state almost with impunity. Sometimes 
the tubes are made one upon the other when greater thickness is required, bnt 
these stoat pipes and those larger than three inches are comparatively bnt little used. 
— ( Holtzapffel ) 

GASSING. In order to remove thehairy filaments from net-lace and other woven 
fabrics, they are passed over a large number of minute jets of gas, and between 
rollers. 

GAULT, a local term in some parts of England for clay, has been adopted into 
geological nomenclature to denote the argillaceous strata which separate the Upper 
and Lower Greensands. It is a dark blue or grey clay, used for making bricks and 
tiles ; it affords a poor agricultural soil, which is generally converted into pasture. — 
H. W. B. 

GAULTJ1ERIA OIL. Wintergrekn Oil. A volatile oil obtained from the 
Gauliheria procumbent , the Wintergreen or Canada tea. It has an agreeable aromatic 
odour, and is used for scenting soaps. 

GAULTHEllINE. One of the hydrocarbons isomeric with oil of turpentine 
which exists in Wintergreen oil, and the oil obtained by distilling the Betula Unto, 
the sweet or cherry birch. 

GAUZE. See Crape. 

GAUZE WIRE CLOTH is a textile fabric, either plain or tweeled, made of brass, 
iron, or copper wire, of very various degrees of fineness and openness of textures. 
Its chief uses are for sieves and safety lamps. 

GAY-LUSSITE, is a white mineral of vitreous fracture, which crystallises in 
oblique rhomboidal prisms ; specific gravity from 1 *93 to 1 ‘95 ; scratches gypsum, but 
is scratched by ealespar ; affords water by calcination ; it consists of carbonic acid, 
28*66 ; soda, 20*44 ; lime, 17*70 ; water, 32*30 ; clay, 1*00. It is, in fact, by my ana- 
lysis, a hydrated soda-carbonate of lime in atomic proportions. This mineral occurs 
abundantly in insulated crystals, disseminated through the bed of clay which covers the 
vrao, or native sesquicarbonate of soda, at Lagunilla in Columbia. 

GELATINE (Eng. and Fr.; Gallert, Leiw, Germ.) is an animal product which is 
never found in the humours, but it may be obtained by boiling with water the soft and 
solid parts ; as the muscles, the skin, the cartilages, bones, ligaments, tendons, and 
membranes. Isinglass consists of from 86 to 93 per cent of gelatine. This substance 
is very soluble in boiling water ; the solution forming a tremulous moss of jelly when 
it cools. Cold water has little action upon gelatine. Alcohol and tannin precipitate 
gelatine from its solution ; the former by abstracting the water, the latter by combin- 
ing with the substance itself into an insoluble compound, of the nature of leather. 
No other acid, except the tannic, and no alkali, possesses the property of precipitating 
gelatine. But chlorine and certain salts render its solution more or less turbid ; us the 
nitrate and bi-chloride of mercury, the proto-chloride of tin, and a few others. 
Sulphuric acid converts a solution of gelatine at u boiling heat into sugar. Gelatine 
consists of carbon, 47*88 ; hydrogen, 7*91 ; oxygen, 27*21. 

Gelatine is produced by boiling the skin of animals in water, which in its crude 
but solid state is called glue , and when a tremulous semi- liquid, size, . Sec those 
articles. 

A fine gelatine for culinary uses is prepared and sold as Nelson’s patent gelatine. It 
is thus prepared; — After washing the parings, Ac., of skin, he scores their surfaces, and 
then digests them in a dilute caustic soda lye during ten days. They are next placed 
in an air-tight vat, lined with cement, kept at a temperature of 70° Fahr.; then washed 
in a revolving cylinder apparatus with plenty of cold water, and afterwards exposed to 
the fumes of burning sulphur (sulphurous acid) in a wooden chamber. They are now 
squeezed to expel the moisture, and finally converted into soluble gelatine, by water in 
earthen vessels, enclosed in steam cases. The fluid gelatine is purified by straining it 
at a temperature of 100° or 120° Fahr. 

A sparkling gelatine has been prepared under a patent granted to Messrs. J. and 
G. Cox, of Edinburgh. By their process the substance is rendered perfectly pure, 
while it possesses a gelatinising force superior even to isinglass. It makes a splendid 
calves -feet jelly and a milk-white blanc-manpc. The patentees also prepare a semi- 
solid gelatine, resembling jujubes, which readily dissolves in warm water, as also in the 
mouth, and may be employed to make an extemporaneous jelly. 

The gelatine of bones may be extracted best by the combined action of steam 
and a current of water trickling over .their crushed fragments in a properly con- 
structed apparatus. When the gelatine is to be used as an alimentary article, the 
bones ought to be quite fresh, well preserved in brine, or to be dried strongly by a 
■tore. Bones are best crushed by passing them between grooved iron rolls. The 



GELATINE. 


437 


cast-iron cylinders in which they are to be steamed, should be three times greater in 
length than in diagietcr. To obtain 1000 rations of gelatinous soup daily, a charge 
of four cylinders is required ; each being 3$ feet long, by 14 inches wide, capable of 
holding 70 lbs. of bones. These will yield each hour about 30 gallons of a strong 
jelly, and will require nearly 1 gallon of water in the form of Bteam, and 5 gallons 
of water to be passed through them in the liquid state. The 5 quarts of jelly.pro- 
duced hourly by each cylinder proceeds from the 1 quart of steam- water and 4 quarts of 
percolating water. 

The boSer should furnish steam of about 223° Fahr., at a pressure of about 4 lbs. 
on the square inch. 

In Jig. 885 A, n, c, s, represents a vertical section of the cylinder ; o, ik, i, k. a 
. gs5 section of the basket or cage, as 

filled with the bruised bones, 
inclosed in the cylinder; k, c, c* 
the pipe which conducts the 
steam down to the bottom of the 
cylinder ; l, s, a pipe for intro- 
ducing water into the interior ; 
m, a stopcock for regulating 
the qudhtity of water (according 
to the force of the steam pressure 
within the apparatus), which 
should be 3} quarts per hour; 
N is a tube of tin plate fitting 
tightly into the part s of the 
pipe l ; it is shut at r, and per- 
forated below with a hole ; It 
is inserted in its place, after the 
cage full of bones has bei-n in- 
troduced. Fig. 886 is au ele- 
vation of the apparatus, a, b, 
c, D, represent the four cylin- 
ders, raised about 20 inches 
above the floor, and fixed iu their 
scats by screws; h h , are the 
lids ; g g, tubnlnres or valves in 
the lids ; i, ring junction of the lid ; p, a thermometer ;//, stop-cocks for drawing 
oil 1 the jelly ; n n small gutters of tin-plate ; m, the general gutter of discharge 

886 




into the cisterg b ; o, a block and tackle for hoisting the cageful of bones in and out. 
Fig. 887 is an end view of the apparatus ; «, the main steam-pipe ; a, b,c , c, branches 
that conduct the steam to the bottom of the cylinder; o,the tackle for raising tj^e 
cage; #, stopcock; a, small gutter; si, main conduit ; 5, cistern of reception. 

When a strong and pure jelly is wished for, the cylinder charged with the bones is 
to be wrapped in blanket staff; and whenever the grease ceases to drop, the stopcook 
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which admits the cold water is to be shut, as also that at the bottom of the cylinder, 
which is to be opened only at the end of every hour, and so little att to let the gelatinous 
solution run out, without allowing any of the steam to escape with it. 

Butchers’ meat contains on an average in 100 887 

pounds, 24 of dry flesh, 56 of water, and 20 of 
bones. These 20 pounds can famish 6 pounds of 
alimentary substance in a dry state; whence it 
appears that, by the above means, one fourth 
more nutritious matter can be obtained than is 
usually got. A keen dispute has been carried on 
for some time in Paris, between the partisans and 
adversaries of gelatine os an article of food. It is 
probable that both parties have pushed their argu- 
ments ton far. Calf’s-foot jelly is still deemed a 
nutritious article by the medical men of this coun- 
try, at least, though it is not to be trusted to alone, 
hut Bhould have a due admixture or interchange of 
fibrine, albumen, cascine, &c. See Nutrition. 

French Gelatine is sojd in cakes, marked, like 
those of common glue, with the nets on which 
they have been dried. r JTiis gelatine is made at 
Paris, from the cuttings of skins used for making 
white kid gloves ; it is coloured red, green, and 
blue, os well as sold colourless. 

Sir inbourne' s patent njined isinglass is a pure 
form of gelatine, procured from the skins of culves 
cut into very thin slices and treated simply with 
water at or about 21)0°. 

P’Arcet, in his ltecherches sur It s Substances nutritives que renferment les Os 9 states 
that, in Paris, bones of all kinds are first digested with hydrochloric acid to extract 
the phosphate of lime, and then boiled in water under pressure. In this way a 
nutritious soup is prepared for the hospitals and other pauper establishments. 

Dr. T. Richardson of Newcastle on Tyne treats bones first with muriatic or dilute 
sulphuric acid to dissolve out a portion of the mineral phosphates which they 
contain; the residue being then acted upon by sulphurous acid. The gelatine 
obtained after this process is treated with an alkaline sulphate or liyposulphatc. or it 
may be treated with the phosphates of an alkali, or with the sulphurous acid solution 
of the diphosphates of lime and magnesia. By any of these processes, it is said, the 
hardness and sizing properties of gelatine from any source is stated to be very 
considerably improved. See Isinglass. 

GEMS are precious stones, which, by their colour, limpidity, lustre, brilliant polish, 
punty, and rarity, are sought after os objects of dress and decoration. Among these 
beautiful minerals, mankind liave agreed in forming a select class to which the title 
of gems or jewels has been appropriated ; while the term precious stone is more 
particularly given to substances which occur of a larger size and more commonly. 

Diamonds, sapphires, emeralds, rubies, topazes, opals, hyacinths, and chrysobcryls, 
arc reckoned fhe most valuable gems. 

Crystalline quartz, pellucid, opalescent, or of various hues, amethyst, lapis lazuli, 
malachite, jasper, agate, &c.. are ranked in the much more numerous and inferior (‘lass 
of precious stones . These distinctions arc not founded upon any strict philosophical 
principle, but arc regulated by a conventional agreement, not very well defined ; for it 
is impossible to subject these creatures of fashion and taste to the rigid subdivisions of 
science. We have only to consider the value currently attached to them, and take care 
not to confound two stones of the same colour, hut which may be very differently 
prized by the virtuoso. 

Since it usually happens that the trne gems arc in a cut and polished state, or even 
set in gold or silver, we are thereby unable to apply to them the criteria of minera- 
logical and chemical science. The cutting of the stone has removed or masked its 
crystalline character, and circumstances rarely permit the phenomena of double or 
single refraction to he observed ; while the test by the blowpipe is inadmissible. 
Hence the only scientific resources that remain are the trial by electricity, which is 
often inconclusive ; the degree of hardness, a criterion requiring great (experience in 
the person who employs it ; and lastly, the proof of specific gravity, unquestionably 
onp of the surest means of distinguishing the really fine gems from ornamental stones 
or similar colour. This proof can be applied only to a stone that is not set. 

This character of specific gravity may be applied by any person of common intelli- 
gence with the aid of a small hydrostatic balance. If, for example, a stone of a fine 
crimson-red colour he offered for sale as an oriental ruby ; the purchaser must ascertain 
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if it be not a Siberian tourmaline, or ruby spinel. Supposing its weight in air to be 100 
grains, if he finds it reduced to 69 grains when weighed in water, he concludes that its 
bulk is equal to tharof 31 grains of water, which is its loss of weight Now, a real 
sapphire which weighs 100 grains in air, would have weighed 76 6 in water; a spinel 
ruby of 100 grains would have weighed 72‘2 in water, and a Siberian tourmaline of 
100 grains would have weighed only 69 grains in water. The quality of the stone in 
question is, therefore, determined beyond all dispute, and the purchaser may be thus 
protected from fraud. See Diamond, Ruby, &c, &c. 

GEMS, ARTIFICIAL. These are glusscs, the material of which they arc com- 
posed being called S trass. 

Straus, the paste or glass which generally forms the principal ingredient of imi- 
tation gems, is called alter the name of a German jeweller, by whom it was invented, 
at the commencement of the last century, it is composed of silica, potash, borax, the 
various oxides of lead, and sometimes of urscnic : chemically it muy he regarded 
as a double silidhte of potash and lead. 

The silica may be furnished either by rock crystal, white sand, or flint : but, of these, 
the first is to he preferred, one of the principal considerations in these preparations 
being the extreme purity of the materials or ingredients employed. In this manu- 
facture, which is of more importance, and attended with greater difficulty than most 
persons imagine, perfect success (independently of the choice ofcmatcrials) depends upon 
the care taken, and the precautions to l>c observed. No crucibles should be used but 
those which have been proved, both as regards their composition, their power of with- 
standing the strongest heat, and their impenetrability to the action of metallic oxides. 

All the substances to be melted should be first pulverised, and even ground with the 
greatest care. It should be remembered that the most perfect mixture can only Iks 
effected by numerous siftings, and that a separate sieve should be used for each in- 
gredient, and never be made to serve for different substances. When mixed, the 
materials should he melted in a crucible placed in the middle of a cylindrical furnace 
terminated in a dome, the height of which should Ik* 7 feet 6 inches, and its di; meter 
4 feet 3 inches. The fuel should consist as much as possible of thoroughly dry wood, 
chopped very small. The melting should Ik* effected hy moans of a heat raised by 
degrees, and then steadily maintain 'd, especially at the maximum temperature; then 
when once the melting has been thoroughly accomplished, which cannot Ik* in less 
than from twenty to thirty hours, the crucible must be allowed to cool very slowly. 

The art of imitating precious stones in paste has amazingly improved since tl.o time 
of Strass, as was shown by the results of the great Paris exposition of 18. 15. Thu 
imitations, especially as regards certain colours, leave little to be desired ; but there 
is something still in that respect iu which the imitation is far from being perfect. 

Now that it is proved that the alkalies and vitrifiuhle earths are oxides of the metals, 
all that has to be done to obtain the finest effects, is to combine them skilfully with 
other artificially prepared metallic oxides, which have undergone the process of 
vitrification. 

Experiments ought to be made with all oxidisable and vitrifiuhle substances, with 
the different salts, fluates, phosphates, phosphoric acid, Ac. 

The following are some of the mixtures generally known, but, it must he observed 
here that each artist lias his own processes, ingredients, and proportions. 


Mixtures for Strass. 




1 . 

2. 

3. 

4. 



Grain*. 

* Grain*. 

Grain*. 

Grain*. 

Rock crystal 

- 

339 G ‘2 

30'.' T -8 

2897-5 

3007*8 

Minium 

- 

5280*8 

- - 

4231*25 

— 

White lead (pure) - 

- 

- - 

5641*0 

- . 

5641*0 

Potash (pure) 

. 

1804-77 

1044-0 

1625 15 

10440 

Borax *- 

- 

232 1 


181*28 

301*5 

Arsenic 

i 

- 

10-18 

10-18 

5-09 

— 


Common Strass. 

* Litharge, 77*16 ; white sand, 57*73 ; potash, 7*71. 
Strass of Jfouhaut- Wiehnul. 

Sifted rock crystal - - 2897*5 I Dentoxide of arsenic 

Roracic acid - - - 181-18 Potash (purest) 

Minium (purest) - - 4451 ‘37 | 


4 * 9 » 
- 1608*53 
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English Straw. 

Calcined flints - 962*5 I Calcined borax - 1 - 561*9 

Pure potash - - - 481*25 | Fine white lead * 120 89 


Strass Dastcnaire. 



1. 

2. 

3. 

4. 

5. 

White sand treated with hydro- 

Graim. 

Grains. 

G tains. 

Grains. 

Grains. 

chloric acid - 

1543*23 

1543*23 

3S5*8 

365*8 

385*8 

Minium, first quality 

6*16 

2156* 

771-61 

925*8 

848*65 

White potash, well calcined - 


493*76 

108*2 

fl’72 

154*32 

Calcined borax - 
Crystallised nitrate of potash 

308*64 

185*16 

- - 

92*58 

123*45 

(nitre) 

185*16 

- . 

123*44 

_ ■ 

7716 

Peroxide of manganese - 

61*72 

- - 

- - 

154*32 

- . 

Deutozidc of arsenic 

1 

■ “ 

9*26 

- - 

23*15 

- - 


Variously colour kd strass. 

Topaz : iVo. 1 . 

Whitest strass, 842*079 ; glass of antimony, 86*421; purple of Cassius, 0*738. 

Another. 

White lead of Clichy, 771*6 ; flints calcined and pulverised, 771.6. 

Another. 

White sand, well dressed - 1543*23 I Oxide of silver - - - 77 16 

Borax, calcined - - 138*88 Calcined potash ... 493*76 

Minium - 2237*64 [ 

Sapphire: Whitest strass, 3858*087 ; pure oxide of cobalt, 57*708. 

Ditto: another. Very fine strass, 481*25 ; purest oxide of cobalt, 1*697. 

Emerald* No. 1 . Strass, 3858.087 *, pure green oxide of copper, 35*643 ; oxide of 
chrome, 1*697. 

Ditto: ordinary. Strass, 7716*174 5 acetate of copper, 61-11 s oxhb* ol‘ iron, 
12*731. 

Ditto: another. Strass, 481*25; oxide of copper precipitated from the nitrate by 
potash, 334*45. 


Emkjialpb (Dastcnaire). 



I. 

2. 


G ruii ik. 

Grains. 

Well washed sand - 

154*32 

154*32 

Minium - - - - 

231*48 

231*48 

White potash, calcined - 

46*29 

77-16 

Borax, calcined - - - 0 - 

30 80 

30*86 

Yellow oxide of antimony - - 

7*71 

. _ 

Pure oxide of cobalt .... 

1*54 

_ 

Green oxide of chrome - 


3*85 

A M ETll YBT ( Tltislnni ire). 

K 


Pali;. 

D.'rp coloured. 


Grains. 

Grains. 

Strass ------- 

7716-17 

•.3858*08 

Oxide of manganese - 

20*39 

36*55 

Oxide of cobalt ----- 

0*848 

20*39 

'Purple of Cassius ----- 

- - 

0*848 
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Aquamarine, 

Stress, 2913*50 ; Glass cf antimony, 20*370 ; Oxide of cohalt. 1*265. 


Syrian Garnet 



1. 

2. 


Grains. 

Grain*. 

Stress 

427*931 

484*25 

Glass of antimony - 

215-815 

- - | 

Purple of Cassius - 

1*097 

2*150 | 

Oxide of manganese - 

1*097 

’ 


Obscrcations. For topaz, No. 1, the clearest and most transparent glass of anti- 
mony should be used. Frequently this mixture only yields an opaque mass, trans- 
lucent on the edges, and transmitting in thiu fragments a red colour when held 
between the eye and the light : in that case rubies may be mtde of it. 

To make them, a portion of the topaz material is taken, and mixed with eight parts 
of fine stress : these are melted in a Hessian crucible for thirty hours in a potter's 
furnace, and the result is a beautiful yellow glass-like stress, which, when cut, pro- 
duces an imitation of the finest oriental rubies. 

These may he made of another tint by using the following proportions : — 

Stress, 2411*25 ; oxide of manganese, 61-310. 

In the emerald. No. 1 , by increasing the proportion of chrome or oxide of copper, 
and mixing with it oxide of iron, the green shade may be varied, and the peridot or 
dee]) tinted emerald may he imitated. 

The manufacture of artificial gems has acquired an extreme development ; immense 
factories are established at Scplmoncal in the Jura, furnishing employment to more 
Ilian 100 work-people, who produce fabulous quantities. 

Many ingenious persons in Paris vie with one another in bringing to perfection the 
most perfect processes, and produce truly surprising results. M. Savary especially, in 
his magnificent collections, and his perfect imitation of celebrated diamonds, has 
arrived at a degree of excellence which, apparently, can scarcely be surpassed. 

We have alluded only to those imitations of gems in glass of which a lar.u portion 
of the cheap jewellery is formed. Some very successful attempts have been made to 
manufacture true gems hy an artificial process. M. Elx* linen has done much in this 
direction, and M. Henri Saiute- Claire Deville and M. llenri Caron communicated to 
the Academy of Sciences of Paris, in April 1858. a process which they had discovered 
foi the production of a number of the gems which belong to the cornndnm class, as the 
ruby, sapphire, &c. Essentially, the process consisted in exiting the iliioride of 
alnminium, mixed with a little charcoal and borecic acid, in a black lead crucible, pro- 
tected from the action of the air, to a white heat for about an hour. For details of 
the process see Camples Rendu*, Annates de Chimie . 

GENAPPE. A worsted yam used in the manufacture of fringes, braids, &c. 
From its smoothness it combines very readily with Bilk. 

GENE V A A grain spirit flavoured with juniper berries, manufactured' extensively 
iu Holland; hence it is frequently called Houlands. 

GENTIAN. Gentiana lutea. The common or yellow gentian, which is said to 
owe its name to Gentius, king of Illyria, who introduced it as a medicine about 170 
years before Christ. 

The roots of the gentian arc collected and dried by the peasants of Switzerland, 
the Tyrol, and in the Auvergne. 

The bitter of the gentian is agreeable and aromatic ; it is mnch used in medicine, 
and has on som£ occasions been employed instead of hops in beer. 

GEOCllONITE. A native sulphantimonite of lead from the silver mines of 
Sala in Sweden. It appears to resemble Kilbrickknite, which see. 

GEODE. A rounded nodule of stone, containing a cavity usually lined with 
crystals. Geode* frequently consist of agate, calccdouy, &c. 

GEOGNOSY, yy, the earth, and yv&ois. knowledge, — means the science of the 
substances whftsh compose the earth’s crust. It originated with the German mine- 
ralogists. 

GEOLOGY, ri, the earth, and \Ayos, a discourse. The science which treats ttf 
the structure of the earth, and of the causes which liavc produced its present physical 
features. 
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GERHARDT'S ANHYDROUS ACETIC ACID. See Acetic Aero, and refer 
to Watts’ “ Dictionary of Chemistry.” t 

GERMAN BLACK. See Fbankfort Black. 

GERMAN SILVER. See Alloy and Coptkk. M. Gersdorf, of Vienna, states that 
the proportion of the metals in this alloy should vary according to the uses for which 
it is destined. When intended as a substitute for silver, it should be composed of 
25 purts of nickel, 25 of zinc, and 50 of copper. An alloy better adapted for rolling 
consists of 25 of nickel, 20 of zinc, and 60 of copper. Costings, such as candlesticks, 
bells, &c., may he made of an alloy, consisting of 20 of nickel, 20 of zinc, and 60 of 
copper ; to which 3 of lead are added. The addition of 2 or 2 J of iron (in the shape 
of tin plate ?) renders the alloys much whiter, hut, at the some time, harder and 
more brittle. 

Keferstein has given the following analysis of the genuine German silver, as made 
from the original ore found in Hildburghauseu, near Sulil, in Henncberg: — 


Copper - -- -- -- -- 40*4 

Nickel .ire 

Zinc - -- -- -- -- 25*4 

Iron ----2-6 


100-0 

Chinese pakfong, a white alloy, according to the same authority, consists of 5 parts 
of copper, alloyed with seven parts of niekel, and 7 purts of zinc. 

The best alloy for making bearings, hushes, and steps for the steel or iron gudgeons, 
and pivots of machinery to run in, is said to consist of 90 parts of copper, 5 of zinc, 
and 5 of antimony. 

GERMAN STEEL. A metal made of a white iron in forges where charcoal is 
employed, the ores used being either hog-iron ore or the sparry carbonate. 

GERMAN TINDER. See Amadou. 

GERMAN YEAST. See Ykast. 

GERMINATION. (Eng. nnd Fr. ; Das Keimcn , Germ.) The first indication of 
vital force in the embryo plant The seed being placed in the soil, a proper tem- 
perature existing, and a due quantity of water being supplied, a chemical action is 
established, and heat is developed. In fact, a slow combustion takes place, during 
which oxygen is combined with carbon, and carbonic acid is liberated. The starch 
of the grain, by the process of germination, is converted into sugar by taking into 
combination one equivalent of the elements of water. While this operation is 
progressing, the embryo enlarges, sending down its root radicle into the soil, 
and forcing upwards, towards tlic light, the cotyledons or leaf lobes, and the 
plumule. 

These phenomena of the commencement of vegetable life can he well studied in 
the process of Maltinc, in which the barley, by the conversion of its starch into 
sugar, becomes malt. 

The direct action of sunlight is injurious to the germinating seed, consequently it 
is a law of nature that a dark soil should be the hid in which ibis remarkable oj»era- 
tion commences, and is continued, until the first leaves appear above the soil. In 
the process of Maltikci (which see), care u taken that the floors upon which the 
germination is established are but dimly illuminated. 

It has been proved — the discovery having been first mode by the editor of this 
Dictionary — that Light separah d 1>> means of absorbent mediu from the chemical 
power (Acftitunt) of the sunbeam entirely stops germination, whereas the dark 
chemical rays have the power of qnickening germination, even when the seeds are 
placed at a considerable depth beneath the soil As these experiments nro iarely 
repeated, and as even in the most recent chemical publications. Watts’ “ Dictionary 
of Chemistry” amongst others, they are not alluded to; the old and in every way 
uncertain experiments of Saussnre being adoptc l it may be well to ’state the simple 
form of experiment by which the fact may be proved. 

Take a piece of glass stained yellow with silver ; ascertain that it is so, by ex- 
posing a little chloride of silver behind it, to sunshine. If the chloride of silver does 
not darken, the gluss is of the right kind, all the chemical rays arc cut off. Take 
another piece of glass of the deepest blue that can he obtained, the blue being the 
result of cobalt. In the first we have a glass, through which the soTar light passes 
freely, but it prevents the permeation of the chemical rays. In the second we 
have a medium which is traversed freely by the chemical rays (Actinism) but very 
little light iB admitted. Place such pieces of glass over a box of earth, in which 
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arc planted an equal number of seeds, at the same depth ; all the circumstances, as it 
regards moisture and temperature, being the same* The seeds under the blue glass 
'will germinate with extraordinary rapidity, the seeds under the yellow glass will not 
germinate at alL See “ Researches on Light," and papers in the liejtoris of the 
British Association on “The Influence of Light on the Growth of Plants, &c,” by 
Robert Hunt The following letter from Mr. Charles Lawson, of Edinburgh, has 
practically settled this important discovery. 

« My dear Sir,— I am favoured with yours of the 5th, relative to my practical 
experience in the effect of the chemical agency of coloured media on the germination 
of seeds and the growth of plants. 

“ I must first explain that it is our practice to test the germinating powers of all 
seeds which come into our warehouses before wc send them out for sale ; and of 
course it is an object to discover, with as little delay as possible, the extent that the 
vital principle is active, as the value comes to be depreciated in the ratio it is found 
to be dormant «For instance, if we sow 100 seeds of any sort, and the whole germi- 
nate, the seed will be the highest current value ; but if only 90 germinate, its value 
is 10 per cent, less ; if 80, its value falls 20 per cent. 

“ I merely give this detail to show the practical value of this test, and the influence 
it exerts on the fluctuation of prices. 

“ Our usual plan' formerly was to sow the seeds to be tested in a hotbed or frame, 
and then watch the progress and note the results. It was usually from eight to 
fourteen days before we were in a condition to decide on the commercial value of the 
seeds under trial. 

“ My attention was, however, directed to your excellent work On the Physical 
Phenomena of Nature , about five years ago, and I resolved to put your theory to a 
practical test. I accordingly had a case nutde, the sides of which were formed of 
glass coloured blue or indigo, which case 1 attached to a small gas stove for en- 
gendering heat ; in the case, shelves were fixed in the inside, on which were placed 
small pots wherein the seeds to be tested were sown. 

“ The results were all that could be looked for ; the seeds freely germinating in from 
two to five days only, instead of from eight to fourteen days as before. * 

“ 1 have not carried our experiments beyond the germination of seeds, so that I 
cannot afford practical information as to the effect of other rays on the after culture 
of plants. 

“ I have, however, made Rome trials with the yellow ray in preventing the germi- 
nation of seeds, which have been successful ; and I have always found the violet ray 
prejudicial to the growth of the plant after germination. 

“ I remain, my dear Sir, very faithfully yours, 
“CnARLE8 Lawson.” 


“ To Robert Hunt Esq.” 


G EROPIG A. A factitious liquor, imported from Portngal and used in this country 
for the adulteration of wines. It is sometimes spelt Jerupiga. It appears to be a 
compound of unfermented grape juice, brandy, sugar, and colouring matter. This 
compound is used even more extensively in the United States than in this country. — 
(J/-CVW#.) 

GIG MACHINES, are rotatory drums, mounted with thistles or wire teeth for 
teazling cloth. See Woollen' Manufacture. 

GILDING. (Dorare, Fr. ; Vergoldung % Germ.) This art consists in covering bodies 
with a thin coat of gold, which may be done either by mechanical or chemical means. 
The mechanical mode is the application of gold leaf or gold powder to various sur- 
faces, and their fixation by various means. Thu# gold may be applied to wood, 
plaster, pasteboard, leather; and to metals, such as silver, copper, iron, tin, and 
bronze ; so that gilding, generally speaking, includes several arts, exercised by very 
different classes of tradesmen. 

I. Mechanical Gilding. — Oil gilding is the first method under this head, as oil 
is the fluid mosts generally need in the operation of this mechanical art The follow- 
ing process has been much extolled at Paris. 

1. A coat of impression is to be given first of all, namely, a coat of white lead paint, 
made with drying linseed oil, containing very little oil of turpentine. 

2. Calcined ceruse is to be ground very well with unboiled linseed oil, and tempered 
with essence of turpentine, in proportion as it is laid on. Three or four coats of this 
hard tint are to be applied evenly on the ornaments, and the parts which are to be 
most carefully gilded. 

S. The Gold colour is then to be smoothly applied. This * merely the dregs of lip 
colours, ground and tempered with oil, which remain in the little dish in which painters 
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dean their brushes. This substance is extremely rich and gluey ; after being ground 
up, and passed through fine linen cloth, it forms the ground for gold leaf, 

4. When the gold colour is dry enough to catch hold of the lbaf gold, this is spread 
on the cushion, ent into pieces and carefully applied with the pallet knife, pressed down 
with cotton, and on the small ornaments with a fine brush. 

5. If the gildings be for outside exposure, as balconies, gratings, statues, &c., they 
must not be varnished, as simple oil gilding stands better ; fbr when it is varnished, a 
bright sun-beam acting after heavy rain, gives the gilding a jagged appearance. 
When the objects are inside ones, a coat of spirit varnish may be passed over the gold 
leaf, then a glow from the gilder’s chafing dish may be given, and fiually a coat of oil 
varnish. The workman who causes the chafing dish to glide in front of the varnished 
surface, must avoid stopping fbr an instant opposite any point, otherwise he would 
cause the varnish to boil and blister. This heat bringB out the whole transparency 
of the varnish, and lustre of the gold. 

Oil Gilding is employed with varnish polish, upon equipages, mirror-frames, 
and other furniture. The following method is employed by eminent gilders at 
Fans : — 

1 . White lead, with half its weight of yellow ochre, and a little litharge, are sepa- 
rately ground very fine ; and the whole is then tempered with linseed oil, thinned with 
essence of turpentine, rod applied in an evenly coat, called impression. 

2. When this coat ib quite dry, several coats of the hard tint are given, even so 
many as 10 or 12, should the surface require it for smoothing and filling up the pores. 
These coats are given daily, leaving them to dry in the interval in a warm Bunny ex- 
posure. 

3. When the work is perfectly dry, it is first softened down with pumice stone and 
water, afterwards with worsted clnr and very finely powdered pumice, till the hard 
tint give no reflection, and be smooth as glass. 

4. With a earners hair brush, there must be given lightly and with a gentle 
heat, from 4 to 5 coats ut least, and even sometimes double that number, of fine lac 
varnish. 

5. Whfcn these are dry, the grounds of the pannels and the sculptures must he first 
polished with shave-grass (de la prMc) ; and next with putty of tin and tripoli, tempered, 
with water, applied with woollen cloth ; by which the varnish is polished till it shines 
like a mirror. 

f». The work thus polished is carried into a hot place, free from dust, where it re- 
ceives very lightly and smoothly, a thin coat of gold colour , much softened down. This 
coat is passed over it with a clean soft brush, and the thinner it is the better. 

7. Whenever the gold colour is dry enough to take the gold, which is known be- 
laying the back of the hand on a corner of the frame work, the gilding is begun and 
finished as usual. 

8. The gold is smoothed off with a very soft brush, one of earners hair for example, 
of three Augers’ breadth ; after which it is left to dry for several days. 

!). It is then varnished with a spirit of wine varnish ; which is treated with the 
chafing dish as above described. 

10. When this varnish is dry, two or three coats of copal, or oil of varnish, are ap- 
plied, at intervals of two days. 

11. Finally, the pannels are polished with a worsted cloth, imbued with tripoli and 
water, and lustre is given by friction with the palm of the hand, previously softened 
with a little olive oil, taking care not to rub off the gold. 

In this country. Burnished gilding is practised by first giving a ground of size 
whiting, in several successive c ;its ; next applying gilding sise ; and then the gold 
leaf, which is burnished down with agate, or a dog's tooth. 

Gilding in distemper of the French, is the same as onr burnished gilding. Their pro- 
cess Bcems to be very elaborate, and the best consists of 17 operations ; each of them 
said to be essential. 

1. Encollage , or the Glue coat. To a decoction of wormwood and garlic in water, 

strained through a cloth, a little common salt, ard some vinegar arc added. This com- 
position, as being destructive of worms in wood, is mixed with as much good glue $ 
and the mixture is spread in a hot state, with a brush of boar’s hair. When plaster or 
marble is to be gilded, the salt must be left out of the above composition, as it is apt to 
attract humidity in damp places, and to come out as a white powder op the gilding. But 
the salt is indispensable for wood. The first glue coating is made thinner than the 
second. * 

2. White preparation. This consists in covering the above surface, with 8, 1 0, or 1 2 
touts of Spanish white, mixed up with strong sisc, each well worked on with the brush, 
and in some measure incorporated with the preceding coat, to prevent their peeling off 
in scales. 
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3. Stopping up the pores, with thick whiting and glae, and smoothing the surface 
with dog-skin. 

4. Polishing the surface with pumice-stone and very cold water. 

5. Reparation ; in which a skilful artist retouches the whole. 

6. Cleansing i with a damp linen rag, and then a soft sponge. 

7. l*r&ltr. This is rubbing with horse’s tail {shave-grass) the parts to be yellowed, 
in order to make them softer. 

8. Yellowing. With this view yellow ochre is carefully ground in water, and mixed 
with transparent colourless siie. The thinner part of this mixture is applied hot over 
the white surface with a fine brush, which gives it a fine yellow hue. 

9. Ungraining; consists in rubbing the whole work with shave-grass, to remove any 
granular appearance. 

10. Coat of assiette ; trencher coat. This is the composition on which the gold is to 
be laid. It is composed of Armenian bole, 1 pound ; bloodstone (hematite), 2 ounces ; 
and as much giilffna j each separately ground in water. The whole are then mixed 
together, and ground up with about a spoonful of olive oiL The assiette well made 
and applied gives beauty to the gilding. The assicltc is tempered with a white sheep- 
skin glue, very clear and well strained. This mixture is heated and applied in three 
successive coats, wyh a very fine long-haired brush. 

1 1. Rubbing , with a piece of dry, clean linen cloth ; except 1 the parts to be bur- 
nished, which are to receive other two coats of assiette tempered with glue. 

12. Gilding. The surface being damped with cold water (iced in summer) lias 
then the gold leaf applied to it The hollow grounds must always be gilded before 
the prominent parts. Water is dexterously applied by a soft brush, immediately 
behind the gold leaf, before laying it down, which makes it lie smoother. Any 
excess of water is then removed with a dry brush. 

13. Burnishing, with bloodstone. 

14. Jhitdening. This consists in passing a thin coat of glue, “lightly warmed, over 
the parts that are not to be burnished. 

15. Mending; that is, moistening any broken points with a brush, and applying bits 
of gold leaf to them. 

16. The vermeil coat. Vermeil is a liquid which gives lustre and fire to the gold: 
and makes it resemble or-moidu. It is composed as follows : 2 ounces of aunotto, 1 
ounce of gamboge, 1 ounce of vermilion, half an ounce of dragon’s blood, 2 ounces of 
salt of tartar, and 18 grains of saffron, are boiled in a litre (2 pints English) of water, 
over a slow fire, till the liquid be reduced to a fourth. The whole is then passed 
through a silk or muslin sieve. A little of this is made to glide lightly over the gold, 
with a very soft brush. 

17. Repassage ; is passing over the dead surfaces a second coat of deadening 
glue, which must be hotter than the first This finishes the work, and gives it 
strength. 

Leaf gilding, on paper or vellum, is done by giving them a coat of gum water or 
fine size, upplying the gold leaf ere the surfaces be hard dry, and burnishing with 
agate. 

Gobi lettering, on lsmnd Inioks, is given without size, by laying the gold leaf on the 
leather, and imprinting it with hot brass types. 

The edges of the leaves of (woks are gilded , while they are in the press where they 
have been cut smooth, by applying a solution of isinglass in spirits, and laying-on the 
gold when the edges an; in a proper state of dryness. The French workmen employ 
a ground of Armenian bole, mixed with powdered sugar-candy, by means of white of 
egg. This ground is laid very thin upon the edget after fine size or gum water has 
been applied ; and when the ground is dry it is rubbed smooth with a wet rag, which 
moistens it sufficiently to take the gold. 

JafMnncrs' gilding is done by sprinkling or daubing with wash leather, some gold 
powder over an oil sized surface, mixed with oil of turpentine. This gives the appear- 
ance of frosted jjold. The gold powder may be obtained, either by precipitating gold 
from its solution in aqua regia by a solution of pure sulphate of iron, or by evaporating 
away the mercury from some gold amalgam. 

II. Chi kmical Gilding, or the application of gold by chemical affinity to metallic 
surfaces. 

A compound of copper with one seventh of brass is the best metal for gilding on ; 
copper by itself being too soft and dark coloured. Ordinary brass, however, answers 
very well. In* shall describe the process of wash gilding, with M. I) Arcets late im- 
provements, now generally adopted in Paris. 

Wash gilding , consists in applying evenly an amalgam of gold to the surface of wi 
copper alloy, and dissipating the mercury with heat, so as to leave the gold film nxed. 
The surface is afterwards burnished or deadened at pleasure. I he gold«ougbt to be 
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quite pure, and laminated to facilitate its combination with the meroury ; which should 
also be pure. 

Preparation of the amalgam. — After weighing the fine gold, tHb workman puts it in a 
crucible, and as soon as this becomes faintly red, he pours in the requisite .quantity 
of mercury ; which is about 8 to 1 of gold. lie stirs up the mixture with an iron rod, 
bent hookwise at the end, leaving the crucible on the fire till he perceives that all the 
gold is dissolved. He then pours the amalgam into a small earthen dish containing 
water, washes it with care, and squeezes out of it with his fingers all the running mer- 
cury that he can. The amalgam that now remains on the sloping sides of the vessel 
is so pasty as to preserve the impression of the fingers. When this is squeezed in a 
shamoy leather bog, it gives up much mercury ; and remains an amalgam, consisting of 
about 33 of mercury, and 57 of gold, in 100 parts. The mercury which passes through 
the bag, under the pressure of the fingers, holds a good deal of gold in solution | and 
is employed in making fresh amalgam. 

Preparation of the mercurial eolation. — The amalgam of gold is applied to brass, 
through the intervention of pure nitric acid, holding in solution a little mercury. 

100 parts of mercury, and 110 parts by weight of pure nitric acid, specific gravity 
1 *33, are to be put into a glass matrass. On the application of a gentle heat the mer- 
cury dissolves with the disengagement of fumes of nitrous gas, which must be allowed 
to escape into the chimney. This solution is to be diluted with about 25 times its 
weight of pure water, and bottled up for use. 

1. Annealing. — The workman anneals the piece of bronze after it has come out of 
the hands of the turner and engraver. He sets it among burning charcoal, or rather 
peats, which have a more equal and lively flame ; covering it quite up, so that it may 
be oxidised as little as possible, and taking care that the thin parts of the piece do not 
become hotter than the thicker. This operation is done in a dark room, and when he 
sees the piece of a cherry red colour, he removes the fuel from about it, lifts it out 
with long tongs, and sets it to cool slowly in the air. 

2. The t lecapayc . -— The object of this process is to clear the surface from the coat of 
oxide which may have formed upon it. The piece is plunged into a bucket filled with 
extremely dilute sulphuric acid ; it is left there long enough to allow the coat of oxide 
to be dissolved, or at least loosened ; and it is then rubbed with a hard brush. When 
the piece becomes perfectly bright, it is washed and dried. Its surface may, however, 
be still a little variegated ; and the piece is therefore dipped in nitric acid, specific 
gravity 1*33, and afterwards rubbed with a long-haired brush. The addition of a 
little common salt to the dilute sulphuric acid would probably save the use of nitric 
acid, which is so apt to produce a new coat of oxide. It is finally mude quite dry 
(after washing in pure water), by being rubbed well with tanners’ dry bark, sawdust, 
or bran. The surface should now appear somewhat depolished ; for when it is very 
smooth, the gold does not adhere so well. 

3. Application of the amalgam. — The gilder's scratch-brush or pencil, made with 
fine brass wire, is to be dipped into the solution of nitrate of mercury, and is 
then to be drawn over a lamp of gold amalgam, laid on the sloping side of an earthen 
vessel, after which it is to be applied to the surface of the brass. This process is to be 
repeated, dipping the brush into the solution, and drawing it over the amalgam, till the 
whole surface to be gilded is coated with its just proportion of gold. The piece is then 
washed iu a body of water, dried, and put to the fire to volatilise the mercury. If 
one coat of gilding be insufficient, the piece is washed over anew with amalgam, and 
the operation recommenced till the work prove satisfactory. 

4. Volatilisation of the mercury. — Whenever the piece is well coated with amalgam, 
the gilder exposes it to glowing charcoal, turning it about, and heating it by degrees 
to the proper point ; he then witliraws it from the fire, lifts it with long pincers, and, 
seizing it in his left haud, protected by a stuffed glove, be turns it over in every di- 
rection, rubbing and striking it all the while with a long-haired brush, in order to 
equalise tbe amalgam. lie now restores the piece to the fire, and treats it in the same 
way till the mercury be entirely volatilised, which he recognises by the hissing sound 
of a drop of water let fall on it. Daring this time- he repairs the defective spots, taking 
care to volatilise the mercury very slowly. The piece, when thoroughly coated with 
gold, is washed, and scrubbed well with a brush in water acidulated with vinegar. 

If the piece is to have some parts burnished, and others dead, the parts to be bur- 
nished are covered with a mixture of Spanish white, bruised sugar, candy, and gum 
dissolved in water. This operation is called in French epargner (protecting). When the 
gilder has protected the burnished points, he dries the piece, and carried the heat high 
enough to expel the little mercury which might. still remain on it He then plungca 
itr while still a little hot, in water acidulated with sulphuric acid, washes it, dries it, 
and gives it fhe burnish. 

ft. The burnish is given by rubbing the piece with burnishers of hematite (blood- 
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stone). The workman dips his burnisher in water sharpened with vinegar, and rubs 
the piece always in the same direction backwards and forwards, till it exhibits a fine 
polish, and a complete metallic lustre. He tlieu washes it in cold water, dries it with 
fine linen doth, and concludes the operation by drying it slowly on a grating placed 
above a chafing disli of burning charcoal. 

6. The deadening is given os follows. The piece, covered with the protection on those 
parts that are to be burnished, is attached with an iron wire to the end of an iron rod, 
and is heated strongly so os to give a brown hue to the epargne by its partial carbon- 
isation. The gilded piece assumes thus a fine tint of gold ; and is next coated over 
with a mixture of sea salt, nitre and alum, fused in the water of crystallisation of the 
latter salt The piece is now restored to the fire, and heated till the saline crast which 
covers it becomes homogenous, nearly transparent, and enters into true fusion. It is 
then taken from the fire and suddenly plunged into cold water, which separates the 
saline crust, carrying away even the coat of epargne. The piece is lastly pussed 
through very weak nitric acid, washed in a great l>ody of water, and dried by ex- 
posure either to the air, over a drying stove, or with clean linen cloths. 

7. Of or-moulu colour . — When it is desired to put a piece of gilded bronze into or- 
mtmlu colour, it must be less scrubbed with the scratch -brush than usual, and made to 
eumc back again by heating it more strongly than if it were to he deadened, and allow- 
ing it then to cool & little. The or-moulu colouring is a mixture of hematite, alum, 
and sea salt This mixture is to be thinned with vinegar, and applied with a brush so 
as to cover the gilded brass, with reserve of the burnished parts. The piece is then 
put on glowing coals, urged a little by tbc bellows, and allowed to beat till tbe colour 
begins to blacken. Tile piece ought to be so hot that water sprinkled on it may cause 
a hissing noise. It is then taken from the fire, plunged into cold water, washed, and 
next rubbed with a brush dipped in vinegar, if the piece be smooth, but if it be 
chased, weak nitric acid must t>c used. Jn either case, it must be finally washed in a 
body of pure water, and dried over a gentle fire. 

8. Of red goldcolour. — To give this line, the piece after being coated with amalgam, 
and heated, is in this hot state to be suspended by an iron wire, and tempered with 
the composition known under the name of gilder’s wax ; made with yellow wax, red 
ochre, verdigris, and alum. In this state it is presented to the flame of a wood fire, is 
heated strongly, and the combustion of its coating is favoured by throwing some drops 
of the wax mixture into the burning find. It is now turned round and round over the 
fire, so that the flame may act equally. When all the wax of the colouring is burned 
away, and when the flame 
is extinguished, the piece 
is to b« plunged in water, 
washed, and scrubbed 
with the scratch-brush 
and pure vinegar. J i* tli c 
colour is not beautiful, 
and quite equal in shade, 
the piece is coated with 
verdigris dissolved in 
vim*gar, dried over a 
gentle fire, plunged in 
w liter, and scrub!) al with 
pure vinegar, or even 
with a little weak nitric 
acid if the piece exhibit 
too dark a hue. It is 
now wushed, burnished, 
washed anew, wiped with 
linen cloth, and finally 
dried over a gentle lire. 

The followiil]^ is the 
outline of a complete 
gilding factory, as now 
fitted up at Pans. 

Figs. 888, 889, front ele- 
vation and plauof a com- 
plete gilding vforksho]). 

i*. Furnace of appcl, or 
draught, serving at the same time to heat the deadening pan ( 'jtovlon au mat ). • 

F. Ash-pit of this furnace. 

M. Chimney of this furnucc constructed of bncks, as fer as the contraction of the 
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great chimney 8 of the forge, and which is terminated by a summit pipe rising S or 3 
yards above this contraction. 

n. Forge for annealing the pieces of bronze ; for drying the gilded pieces, &c. 

c. Chimney of communication between the annealing forge, n, and the space n below 
the forge. This chimney serves to carry the noxious fumes into the great vent of the 
factory. 

u. Bucket for the brightening operation. 

▲. Forge for passing the amalgam over the piece. 

b. Shelf for the brushing operations. 

x e. Coal cellarets. 

o. Forge for the deadening process. 

o. Furnace for the same. 

v. An opening into the furnace of apjtcl, by which vapours may be let ofF from any 
operation by taking out the plug at m. 

l Cask in which the pieces of gilded brass are plunged for the deadening process. 
The vapours rising, thence are carried up the general chimney. 

j j. Casement with glass panes, which serves to contract the opening of the hearths, 
without obstructing the view. The casement may be rendered movable to admit 
larger objects. 

if n. Curtains of coar»e cotton cloth, for closing at pleasure, in wiiolc or part, one or 
Reveral of tbe forges or hearths, and for quickening the current of air in the places 
where the curtains are not drawn. 

q. Opening above the draught furnace, which serves for the heating of the potion mt 
mat (deadening pan). 

Gilding on polished iron and steel. — Jf a nearly neutral solution of gold in muriatic 
acid he mixed with sulphuric ether, and agitated, the ether will take up the gold, and 
float above the denser acid. When this auriferous ether is applied by u hair pencil to 
brightly polished iron or steel, the ether flies off, and the gold adheres. It must be 
fixed by polishing with the burnisher. This gilding is not very rich or durable. In 
fact the affinity between gold and iron is feeble, compared to that between gold and 
copper or silver. But polished iron, steel, and copper, may he gilded with heat, by 
gold leaf. They are first heated till the iron takes a bluish tint, and till the copper lias 
attained to a like temperature ; a first coat of gold leaf is now applied, which is pressed 
gently down with a burnisher, and then exposed to a gentle heat. Several leaves either 
single or double are thus applied in succession, and the last is burnished down 
cold. 

Air. Elkington obtained a patent, in June, 1836, for gilding copper, brass, &c. f by 
means of potash or soda combined with carbonic acid, and with a solution of gold. 
Dissolve, says he, 5 oz. troy of fine gold in 5 2 oz. avoirdnpoise of nitro-muriatic acid of 
the following proportions: viz. 21 oz. ot pure nitric acid, of spec. grav. 145, 17 oz. 
of pure muriatic acid, of spec. grav. 1*15, with 14 ox. of distilled water. 

The gold being put into the mixture of acids and water, they are to be heated in 
a glass or other convenient vessel till the gold is dissolved ; and it is usual to continue 
the application of heat after this is effected, until a reddish or yellowish vapour ceases 
to rise. 

The clear liquid is to be carefully poured off from any sediment which generally 
appears, and results from a small portion of silver, which is generally found in alloy 
with gold. The clear liquid is to be placed in a suitable vessel of stone ; pottery ware 
is preferred. Add to the solution of gold 4 gallons of distilled water, and 20 pounds of 
bicarbonate of potash of the best quality ; let the whole boil moderately for 2 hours, 
the mixture will then be ready for use. 

The articles to be gilded having been first perfectly cleaned from scale or grease, 
they are to be suspended on wires, conveniently for a workman to dip them in the 
liquid, which is kept boiling. The time required for gilding any particular article 
will depend on circumstances, partly on the quantity of gold remaining in the liquid, 
aud partly on the size and weight of the article ; but a little practice will readily give 
sufficient guidance to the workman. 

Supposing the articles desired to be gilded be brass or copper buttons, or small 
articles for gilt toys, or ornaments of dress, such as earrings or bracelets, a consider- 
able number of which may bo strung on a hoop, or bended piece of copper or brass 
wiret and dipped into the vessel containing the boiling liquid above described, uud 
moved therein, the requisite gilding will be generally obtained in from a few seconds 
to a iniimtc ; this is when the liquid is in the condition above described, and depend- 
ing ou the quality of the gilding desired ; but if the liquid has been used some time, 
fc quantity of gold will be lessened, which will vary the time of operating to produce 
a given effect, or the colour required, all of which will quickly be observed by the 
workman ; gnd by noting the appearance of the articles from time to time, he will 
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know when the desired object is obtained, though it is desirable to avoid as much as 
possible taking the abides out of the liquid. 

When the operation is completed, the workman perfectly washes the articles so 
gilded with clWin water ; they may then be submitted to the usual process of 
colouring. 

If the articles be cast figures of animals, or otherwise of considerable weight, com- 
pared with the articles above mentioned, the time required to perform the process will 
be greater. 

In case it is desired to produce what is called a dead appearance, it may be per- 
formed by several processes : the one usually employed is to dead the articles in the 
process of cleaning, as practised by brass founders and other trades ; it is produced by 
an acid, prepared for that purpose, sold by the makers under the term “ deeding 
aquafortis,” which is well understood. 

It may also be produced by a weak solution of nitrate of mercury, applied to the 
articles previous*to the gilding process, as is practised in the process of gilding with 
mercury, previous to spreading the amalgam, but generally a much weaker solution ; 
or the articles having been gilded may be dipped in a solution of nitrate of mercury, 
and submitted to heat to expel the same, as is practised in the usual process of 

‘ Cold gilding. — Sixty grains of fine gold and 12 of rose copjfer are to be dissolved in 
two ounces of aqua regia. When the solution is completed, it is to be dropped on 
clean linen rags, of such bulk as to absorb all the liquid. They are then dried, and 
burned into ashes. These ashes contain the gold in powder. 

When a piece is to be gilded, after subjecting it to the preliminary operations of 
softening or annealing and brightening, it is rubbed with a moistened cork, dipped in 
the above powder, till the surface seems to be sufficiently gilded. Large works ore 
thereafter burnished with pieces of hematite, and small ones with steel burnishers, 
along with soap water. 

In gilding small articles, as buttons, with amalgam, a portion of this is taken equi- 
valent to the work to be done, and some nitrate of mercury solution is added to it in 
a wooden trough ; the whole articles are now put in, and well worked about with a 
hard brush, till their surfaces are equably coated. I'hey arc then washed, dried, and 
put altogether into an iron frying-pan, and heated till the mercury begins to fiy off, 
when they are turned out into a cap, in which they are tossed and well stirred about 
with a punter’s brush. The operation must be repeated several times for a strong 
gilding. The surfaces arc finally brightened by brushing them along with small 
beer or ale grounds. 

For the processes of gilding by electro-chemical means, see Electrotype. 

GIMP, or GYMP, a silk, woollen, or cotton twist, with often a metallic wire, 
but sometimes a coarse thread running through it; it is much used in coat-lace 
making. 

G I N, or Geneva, from Genievre (juniper), is an ardent spirit manufactured in London, 
end-other places, in great quantities, and flavoured generally with juniper berries. It 
is also made in Holland, and hence called Hollands gin in this country, to distinguish 
it from British gin. The materials employed in the distilleries of Schiedam, are two 
parts of unmalted rye from Riga, weighing about 54 lbs. per bushel, and one part of 
malted bigg, weighing about 37 lbs. per bushel. The mash tun, which serves also as 
the fermenting tun, has a capacity of nearly 700 gallons, being about 5 feet in di- 
umetcr at the mouth, rather narrower at the bottom, and 4i feet deep ; the stirring 
apparatus is an oblong rectangular iron grid made fast to the end of a wooden pole. 
About a barrel, « 30 gallons of water, at a temperature of from 162° to 168° (the 
former heat being best for the most highly dried rye), are pat into the mash tun for 
every l£ cwL of meal, after which the malt is introduced and stirred, and lastly the rye 
is added. Powerful agitation is given to the magma till it becomes quite uniform ; a 
process which a vigorous workman piques himself upon executing in the course of a 
few minutes, ‘(he mouth of the tun is immediately covered over with canvas, and 
further secured by a close wooden lid, to confine the heat ; it is left m this state for 
two hours. The contents being then stirred up once more, the transparent spent wash 
of a preceding mashing is first added, and next os much cold water as will reduce 
the temperature of the whole to about 85° F. The best Flanders yeast, which 
had been brought, for the sake of carriage, to a doughy consistence by pressure, is 
now introduce*} to the amount of one pound for every 100 gallons of the mashed 
mat e rials. 

The gravity of the fresh wort is usually from 33 to 38 lbs. per Dicas' hydrometers 
and fhe fermentation is carried on from 48 to GO hours, at the end of which time the 
attenuation is from 7 to 4 lbs., that is, the specific gravity of fhe supernatant wash is 
from 1*007 to 1*004. ^ „ 

Vol. 1L G Q 
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GINGER BEER. 


The distillers are induced, by the scarcity of beer-barm in Holland, to skim off a 
quantity of the yeast from the fermenting tuns, and to sell it ty the bakers, whereby 
they obstruct materially the production of spirit, though they probably improve its 
quality, by preventing its impregnation with yeasty particles; an unpleasant 
result which seldom foils to take place in the whisky distilleries of the United 
Kingdom. 

On the third day after the fomenting tun is set, the wash containing the grains is 
transferred to the still, and converted into low wines. To every 100 gallons of this 
liquor, two pounds of juniper berries, from 8 to 5 years old, being added, along with 
about one quarter of a pound of salt, the whole are put into the low wine still, and the 
fine Hollands spirit is drawn off by a gentle and well-regulated heat, till the magma 
becomes exhausted; the first and the last products being mixed together; whereby a 
spirit, 2 to 3 per cent above our hydrometer proof, is obtained, possessing the pecu- 
liar fine aroma of {gin. The quantity of spirit varies from 18 to 21 gallons per 
quarter of grain ; this large product being partly due to the employment of the spent 
wash of the preceding fomentation ; an addition which contributes at the same time 
to improve the flavour. 

London gin is, as we have Btated, a corn spirit, which is, however, rendered sweet 
and cordial-like, by th^usc of several injurious substances. Plymouth gin, as manu- 
factured by Coates and Co. of Plymouth, is a for purer spirit The rectifiers employ 
a pure grain spirit and flavour with the wash of the whisky distilleries. Mr. Brande 
has given the following table of the quantities of alcohol ( sp. gr. at 60 F n 0*825) con- 
tained in different ardent spirits. 

Preportion of Alcohol in ardent Spirits. 


In 100 port*. 

Brandy 55*89 by measure. 

Rum ------- 53*C8 „ 

Gin ------- 51 *G0 „ 

Whisky, Scotch 54*32 „ 

Do. Irish 53*20 „ 


When wash is distilled, the fluid that comes over is called singlings , or low wines . 
It is concentrated or doubled by a second distillation, and becomes raw com spirit; this 
is sold to the rectifier at 11 or 25 per cent, over proof. 

GINGER. Zinziber nfficianalis . These species are herbaceous, with a creeping or 
tuberous rhizome. The flowers are irregular and disposed in form of a dense spike 
or raceme. The Zinziber acecc are natives of all parts of the intertropical cone : the 
common ginger is originally indigenous to the East Indies, but it is now cultivated 
in almost all warm parts of the globe. The rhizome or rootstock is the ginger of 
commerce. It is imported in large quantities from the East and West Indies 


and Africa. 

Our imports in 1864 were as follows : — 

CwL Value. 

From Sierra Leone ----- 7,0*58 1 5,652 

Bombay and Scindc - 3,719 12,848 

Madras 5,951 21,164 

Bengal and Pegu .... 10,487 21,232 

British West Indies - - - - 6,491 24,434 

Other parts ----- 1,029 3,506 

*“ 34,745 jC98,83G 

GINGER BEER. A fomented drink containing an infusion of ginger. 
The following is a good and useful form for its manufacture : — 

Barbadoes ginger root ----- 12 ounces. 

4 Tartaric acid -----.-3 ounces. 
White sugar -------8 po un ds. 

Gum arsbie 8 ounces. 

Essence of lemon ------ 2 drachms. 

Water - -- -- -- -9 gallons. 


The ginger root, bruised, is to be boiled for an hour, then the liquor, being strained, 
the tartaric acid and sugar added, boiled and the same removed. The gum arabic 
dissolved in a separate portion of water, added with the essence of lemons. When 
the whole has cooled to about 100° Fahr., some fresh yeast is to be added, and the 
beer carefully fomented. Then bottle for use. 

Ginger beer powders are thus prepared . — 
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White sugar ------- 5 ounces. 

Tartaric acid ------- 14 ounce. 

Carbonate of soda ------ l| ounce. 

Powdered Jamaica ginger ..... 2 drachms. 

Essence of Lemon ...... 10 drops. 

All the materials are to be carefully dried, and mixed while yet warm, in a warm 
mortar, and immediately bottled. 

If the acid and the carbonate of soda are kept separate, these precautions are not 
.necessary. 

GINNING is the name of the operation by which the filaments of cotton are sepa- 
rated from the seeds. See Cotton Manufactube. 

G IRA SOL. The name given by the French to fire opal. See Opal. 

GL A IRE. The white of egg. This consists according to Gmelin of albumen, 1 2*0, 
mucus, 2*7, saltf, 0*3, water, 85*0. Glaire or albumen (ovalbvmen) is distinguished from 
tlic albumen of the serum of the blood ( seralbumen ), by its being coagulated by ether. 
Glaire is used by bookbinders in finishing the backs of books, and for a few other 
purposes in the arts. See Albumen. 

GLANCE CO4L, a name given to anthracite, of which there are two varieties, 
the slaty and the conchoidaL See Antitracite and Coal. • 

GLASS (Ferre, Fr. ; Ghu, Germ.) is a transparent solid formed by the fusion of 
siliceous and alkaline matter. It was known to the Phoenicians, and constituted for 
a long time an exclusive manufacture of that people, in consequence of its ingredi- 
ents, natron, sand, and fuel, abounding upon their coasts. It is certain that the 
ancient Egyptians were acquainted with glass, for, although we find no mention of it 
in the writings of Moses, wc discover glass ornaments in tombs which are as old as 
the days of Moses. According to Pliny and Strabo, the glass works of Sidon and 
Alexandria were famous in their times, and produced beautiful articles, which were 
cut, engraved, gilt, and stained of the most brilliant colouro, in imitation of precions 
stones. The Romans employed glass for various purposes ; and have left specimens 
in Herculaneum of window-glass, which must have been blown by methods analogous 
to the modern. The Phoenician processes seem to have been learned by the Crusaders, 
and transferred to Venice in the 13th century, where they were long held secret, and 
formed a lucrative commercial monopoly. Soon after the middle of the seventeenth 
century Colbert enriched France with the blown mirror glass manufacture. 

Chance may have hod a share in the invention of this curious fabrication, but there 
were circumstances in the most ancient arts likely to lead to it ; such, as the fusir ^ 
and vitrifying heats required for the formation of pottery, and for the extraction of 
metals from their ores. Pliny ascribes the origin of glass to the following accident. 
A merchant ship laden with natron being driven upon the coast at the month of the 
river Bclus, in tempestuous weather, the crew were compelled to cook their victual* 
ashore, and having placed lumps of the natron upon the sand, as supports to the 
kettles, found to their surprise masses of transparent stone among the cinders. The 
sand of this small stream of Galilee, which runs from the foot of Mount Carmel, was 
in consequence supposed to possess a peculiar virtue for making glass, and continued 
for ages to be sought after and exported to distant countries for this purpose. There 
exists good evidence that the manufacture of glass, and of vitreous glazes is much 
older than the time ascribed by Pliny. 

Agricola, the oldest author who has written technically upon glass, describes fnr- 
naces and processes closely resembling those employed at the present day. Neri, 
Kunckel, Uenckel, Pott, A chard, and some other chemists, have since then composed 
treatises upon the subject ; but Neri, Bose, Antic, J-oysel, and Allut, in the Ency- 
clopedic Mcthodique , are the best of the older authorities. 

The Venetians were the first in modem times who attained to any degree of ex- 
cellence in the art of working glass, but the French became eventually so zealous of 
rivalling them, ^rticularly in the construction of mirrors, that a decree was issued by 
the court of France, declaring not only that the manufacture of glass should not dero- 
gate from the dignity of a nobleman, but that nobles alone should be masters of glass- 
works. Within the last 30 or 40 years, Great Britain has mode rapid advances in this 
important art, and at the present day her pre-eminence in some departments hardly 
admits of disputd . 

The window-glass manufacture was first begun in England in 1557, in Crutehed 
Friars, London ; and fine articles of flint-glass were soon afterwards made in the 
Savoy House, Strand. In 1635 the art received a great improvement from Sir 
Robert Mansell, by the use of coal fuel instead of wood. The first sheets if 
blown glass for looking-glasses and coach windows were made in 1678 at Lambeth, 
by Venetian artisans employed under the patronage of the Duke of Buckingham. 

00 2 
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The casting of mirror-plates was commenced in France about the year 1688, 
by Abraham Thevart; an invention which gave rise soon afterwards to the estab- 
lishment of the celebrated works of St Gobain, which continued for nearly a 
century the sole place where this highly-prised object of luxury was well made. In 
cheapness, if not in excellence, the French mirror-plate has been for some time rivalled 
by the English. 

The analysis of modem' chemists, which will be detailed in the course of this 
article, and the light thrown upon the manufacture of glass in general by the accu- 
rate means now possessed of purifying its several ingredients, would have brought 
the art long since to the highest state of perfection in this country, but for the long ■ 
continued vexatious interference and obstructions of our excise laws now happily at 
an end. 

The researches of Berzelius having removed all doubts concerning the acid character 
of silica, the general composition of glass presents now no difficulty of conception. 
This substance consists of one or more salts, which are silicates with' bases of potash, 
soda, lime, oxide of iron, alumina, or oxide of lead ; in any of which compounds we 
can substitute one of these bases for another, provided that one alkaline base be left. 
Silica in its turn may be replaced by the boracid acid, without causing the glass to 
lose its principal characters. «■ 

Under the title glass are therefore comprehended various substances fusible at a 
high temperature, solid at ordinary temperatures, brilliant, generally more or less 
transparent, and always brittle. The following chemical distribution of glasses has 
been proposed : — 

1. Soluble glass ; a simple silicate of potash or soda ; or of both these alkalies. 

9. Crown glass ; silicate of potash and lime. 

3. Bottle glass ; silicate of soda, lime, alumina, and iron. 

4. Common window glass; silicate of soda and lime; sometimes also of potash. 

5. Plate glass ; silica, soda or potash, lime, and alumina. 

6. Ordinary crystal glass ; silicate of potash and lead. 

7. Flint glare ; silicate of potash and lead ; richer in lead than the preceding. 

8. Stress ; silicate of potash and lead ; still richer in lead. 

9. Enamel ; silicate and stannate or antimoniatc of potash or soda, and lead. 

The following analyses of these varieties of glare will place the composition more 
completely before the reader : — 




Silicic 

Acid. 

Fotaidi or 
Soda. 

Lime. 

Oxide of 
Lend. 

Alumina. 

■Water. 

1. Soluble glass 


G2 

26 

n 

0 

0 

12 

2. Crown glare 


63 

22 

mm 

0 

3 

0 

3. Bottle glass 


64 

5 

mum 

6 ox. iron 

0 

0 

4. Window glass 


69 

] 1 soda 

18 

0 

7 

mm 

5. Plate glass 


72 

17 soda 

6 

2 ox. iron 

2 

MM 

6. Crystal 


61 

6 

0 

33 

0 

0 

7. Flint glass 


45 

12 

0 

43 

0 

0 

8. Straws 


38 

8 

0 

53 

1 

0 

9. Enamel 


31 

8 

0 

50 

10 ox. tin 

■ 


Bohemian glare has not been named among the varieties. It has been generally 
grouped with the English glare os containing no lead, but it has some special pecu- 
liarities, as the following analyses by Peligot will show : — 



Silica. 

Potash. 

Lime. 

Alumina. 

Soda. 

Bohemian glass 

76*0 

15*0 

8*0 

1-0 

0 

Do. opal glass 

80*9 

17*0 

•7 

•8 

0 

Do. mirror glass - 

677 

210 

9*9 

u 1-4 

0 

Do. hard glass (as 
analysed by Mr. Bowney) 

730 

11*5 

10*5 

if 

t 20 

3 


In the following table is also given the analyses of a certain number of Bohemian 
glasses, which will indicate their composition with precision, and show how uncertain 
their composition is. 
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• 

(i.) 

(80 

(S.) 

(40 

(50 

(6.) 

ao 

(8) 

Silica - 

71-6 

71-7 

69-4 

62*8 

75-9 

78-85 

70* 

57* 

Potassa - 

11-0 

12*7 

11‘8 

22-1 

- 

5*5 

20* 

25- 

Soda - 

- 

2-3 

- - 

- 

17-5 

1205 



Lime - 

■ ■ 

10*3 

92 

12*5 

38 

5*6 

4* 

12*5 

Magnesia 

■ 








Alumina - 

■ 

0-4 

9*6 

2-6 

2-8 

3*5 

5- 

3* 

Oxide of Iron - 

3-9 

0-3 


. 

. 

_ 

0*6 

1*3 

Oxide of Manganese - 

mm 

02 


- - 

- - 

- - 

0-4 

0*4 


101-2 

981 



100* 

100*5 

100* 

99*2 


(1.) Bohemian glass from Neufcld (M. Grus). 

(2.) A fine table glass from Neuwelt (M. Berthier); it is exceedingly beautiful, and 
is prepared, according to M. Perdounct, -with a mixture of 100 quartz, 50 cunsuc lime, 
75 carbonate of p^tassa, and a very small quantity of nitre, arsenious acid, and oxide 
of manganese. * 

(3.) Old Bohemian glass (M. Dumas'). 

(4.) Crown glass of German manufacture (M. Dumas). 

(5.) Glass for mirrors (M. Dumas). 

(6.) Another glass for mirrors (M. Dumas). 

(7.) White table glass, from Silherherg near Gratzen. 

(8.) Mirror glass from New-IIurkcnthal, for the manufacture of cast mirrors. 
Peligot gives the analysis of Venetian aventnrine as follows : — 


Silica 

. 

. 

- 67*7 

Oxide of Tin - 


2*3 

Potash - 

. 

.. 

- 5*5 

Oxide of Lead 


1*1 

Lime 

- 

- 

- 8*9 

Metallic Copper 

- 

3*9 

Soda - 

- 

- 

- 7*1 

Oxide of Iron - 

- 

3*5 


See A ventures. 

The following analyses of different varieties of continental glass are instructive 




No. 1. 

No. 2. 

No. 3. 

No. 4. 

No. 5. 

No. n. 

Silica 


71*7 

69*2 

62*8 

60*4 

53*55 

42*5 

Potash 


12*7 

15*8 

22*1 

3*2 

5*48 

11*7 

Soda 


2*5 

30 

- 

S. pot 



Lime 


10*3 

7*G 

1 5 

207 

29*22 

0*5 

Alumina - 


0*4 

1*2 

1 

10*4 

6*01 

1*8 

Magnesia - 


- - 

2*0 

> 2-6 

0*6 



Oxide of iron - 



0*5 

J 

*3*8 

5*74 


— man gun e se 








— lead 


- 

- 

- 

- 


43*5 

Baryta 


• 

- 

“ 

0*9 




No. 1. is a very beautiful white wine glass of Neawclt in Bohemia. 

No. 2. Gloss tubes, much more fusible than common wine glasses. 

No. 3. Crown glass of Bohemia. 

No. 4. Flask glass of St Etienne, for which some heavy spar is used. 

No. 5. Glass of Sevres. 

No. 6. Guinfgid’s flint glass. 

Ancient glass has the following composition ; the analyses are by Richard Phillips i — 




HUio. 

Alumina. 

Oxide of 
Iron. 

Manganese. 

Lima. 

Uasncala. 

Soda. 

Roman bate - - - 

Do. Flatted |la*« - 

Da Lachrymatory - 

70* AS 
71*95 
71*45 

1*80 

trace 1 

2*15 

0- ra 

3-45 

1- 02 

c:-48 

0*57 

*17 

8*00 

7*83 

814 

trace 

0fi0 

tract* 

18-86 

15-30 

IG-GU 

» 


Thu« we see that the ancient glasses were all soda glasses. . . 

The glasses which several bases are liable to suffer different changes when 
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they are melted or cooled slowly. The silica is divided among these bases, forming 
new compounds in definite proportions, which by crystallising Separate from each 
other, so that the general mixture of the ingredients which constitute the glass is 
destroyed. It becomes then very hard, fibrous, opaque, much less fhsible, a better 
conductor of electricity and of heat ; forming what Reaumur styled devitrified glass ; 
and what is called after him Reaumur’s porcelain. 

This altered glass can always be produced in a more or less perfect state, by 
melting the glass and allowing it to cool very slowly ; or merely by heating it to the 
softening pitch, and keeping it at that heat for some time. The process succeeds 
best with the most complex vitreous compounds, such as bottle glass ; next with 
ordinary window glass ; and lastly with glass of potash and lead. 

This property ought to be kept constantly in view in manufacturing glass. It 
shows why in making bottles wc should fashion them as quickly as possible with the 
aid of a mould, and reheat them as seldom as may be absolutely necessary. If glass 
is often heated and cooled, it loses its ductility, becomes refractory, and exhibits a 
multitude of stony granulations throughout its substance. When coarse glass is 
worked at the enameller’s lamp, it is apt to change its nature in the same way, if the 
workman be not quick and expert at his business. 

Fusibility, Cooling, Annealing, Devitrification. — All glass is mote or less fusible ; 
when it is softened by the action of heat, it may be worked with the greatest ease, and 
may be drawn out into threads as fine as those of the cocoon of the silkworm. Glass, 
when it is submitted to rupid cooling, becomes very fragile, and presents several very 
remarkable phenomena, among which as an example Prince Rupert's drops may be in- 
stanced. Glass supports variations of temperatures better in proportion as it has been 
more slowly cooled ; thus, when it has been slightly annealed, or not at all, its fragility 
may be considerably diminished by annealing it in water, or better, in boiling oil. 

Action of Atmospheric and Chemical Agents. — Thu harder and more infusible a 
glass is, the less it is alterable by the action of atmospheric and chemical agents, with 
the exception of hydrofluoric acid. Glass which is too alkaline attracts gradually the 
moisture of the air, and loses its lustre and polish. Many glasses ore perceptibly 
attacked by a prolonged boiling with water, and a fortiori by acid and alkaline solu- 
tions ; thus, the bottle glass is frequently attacked by the tartar which is found in the 
wine. According to Guyton- Morveau, all glass which is attacked by prolonged 
boiling with concentrated solutions of alum, common salt, sulphuric acid, or potassa, 
is of bad quality. 

From these facts we perceive the importance of making a careful choice of the gloss 
intended to be worked in considerable masses, such os the large object glasses of trie- 
scopes ; as their annealing requires a very slow process of refrigeration, which is apt 
to cause devitrified specks and clouds. For such purposes, therefore, no other species 
of glass is well adapted except that with bases of potash and lead ; or that with bases 
of potash and lime. These two form the best flint glass and crown glass ; and they 
should be exclusively employed for the construction of the object glasses of achromatic 
telescopes. 

Glass, it will be apparent from the analyses given, may be defined in technical 
.phraseology, to be a transparent homogeneous compound formed by the fusion of 
silica with oxides of the alkaline, earthy, or common metals. It is usually colourless, 
and then resembles rock crystal, but is occasionally stained by accident or design with 
coloured metallic oxides. At common temperatures it is hard and brittle, in thick 
pieces; in thin plates or threads, flexible and elastic; sonorous when struck ; fracture 
conchoidal, and of thut peculiar lustre called vitreous ; at a red heat, becoming soft, 
ductile aud plastic. Other bodies are capable of entering into vitreous fusion, as 
phosphoric acid, boracic acid, arsenic acid, as also certain metallic oxides, as of 
lead and antimony, and several chlorides; some of which are denominated 
glasses. 

Silica, formerly styled the earth of flints, which constitutes the basis of all com- 
mercial glass, is infusible by itself in the strongest fire of our frfrnaces ; but its 
vitreous fusion is easily effected by a competent addition of potash or soda, either 
alone or mixed with lime or litharge. The silica, which may be regarded as be- 
longing to the class of acids, combines at the heat of fusion with these bases, into 
saline compounds ; and hence glass may be viewed as a silicate qf certain oxides, 
in which the acid and the bases exist in equivalent proportions. Were these pro. 
portions, or the quantities of the bases which silica requires for its saturation at 
the melting point, exactly ascertained, we might readily determine beforehand the 
best proportions of materials for the glass manufacture. But as this is far from 
being the case, and as it is, moreover, not improbable that the capacity of satura- 
tion of the* silica varies with the temperature, and that the properties of glass also 
▼ary with the bases, we must in the present state of our knowledge, regulate the 
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proportions rather by practice than by theory, though the latter may throw an in- 
direct light upon the subject For example, a good colourless glass has been found 
by analysis to consist of 78 parts of silica, 13 parts of potash, and 10 parts of 
lime, in 95 parts. If we reduce these numbers to the equivalent ratios, we shall 
have the following results, taking the atomic weights as given by Berzelius : — 


I atom potash> 

- 590 

14-67 

1 lime 

356 

8*84 

3 silica 

1722 

42-79 

2 silica 

1155 

28-70, 


3823 

95-00 


This glass would therefore have been properly better compounded with the just 
atomic proportions, to which it nearly approaches, viz. 71-49 silica, 14*67 potash, and 
8*84 lime, instead of those given above as its actual constituents. 

The proportions in which silica unites with the alkaline and other oxides are mo- 
dified by the temperature as above stated ; the lower the heat, the less silica will enter 
into the glass, and the more of the base will in general be required. If a glass which 
contains an excess of alkali be exceed to a much higher temperature than that of its 
formation, a portlbn of the base will be set free to act upon the* materials of the earthen 
pot, or to be dissipated in fumes, until such a silicate remains as to constitute a per- 
manent glass corresponding to that temperature. Hence the same mixture of vitrifiablo 
materials will yield very different results, according to the heats in which it is fused 
and worked in the glasshouse ; and therefore the composition should always he re- 
ferable to “the going” of the furnace. When a species of glass, which at a high 
temperature formed a transparent combination with a considerable quantity of lime, is 
kept for some time in fusion at a lower temperature, a portion of the lime unites with 
the silica into another combination of a semi-vitreous or even of a stony aspect, so as 
to spoil the transparency of the glass altogether. There is probably a supersilicate, 
aud a Bub-silicate formed in such cases; the latter being much the more fusible of the 
two compounds. The Reaumur’s porcelain already mentioned, is an example of this 
species of vitreous change in which new affinities arc exercised at a lower tempera- 
ture. An excess of silica, caused by the volatilisation of alkaline mutter with too 
strong firing, will bring on similar appcaranccR. 

The specific gravity of glass varies from 2-3 to 3-6. That of least specific gravity 
consists of merely silica und potash fused together; that with lime is sowewhu. denser, 
and with oxide of lead denser still. Plate gbiss made from silica, soda, and lime, l..i* 
a specific gravity which varies from 2*5 to 2*G ; crystal or flint glass containing lead 
from 3*0 to 3'6. 

The density of several glasses t cithout lead is os follows : — 

Old Bohemian glass (Dumas) - 
Bohemian bottle glass ..... 

do. window glass - - - - - 

Fine glass, called Bohemian crystal ... 

Mirror glass of Cherbourg (Dumas) 

do. St Gobain 

do. Hewhaus, 1812 (Scholz) 
do. do. 1830 - 


- 2*396 

- 3-782 

- 2-642 

- 2*892 

- 2*506 

- 2*488 

- 2*551 

- 2653 


The* power of glass to resist the action of water, alkalies, acids, air, And light, is in 
general the greater the higher the temperature employed in its manufacture, the smaller 
the proportion of its fluxes, and the more exact the Equivalent ratios of its constituents. 
When glass contains too much alkali, it is partially soluble in water. Most crystal 
glass is affected by having water boiled in it for a -mnsiderahlc time; but crown glass 
being poorer in alkali, and containing no lead, resists that action much longer, and is 
therefore better adapted to chemical operations. In general also potash gluss is more 
apt to become damp than Boda glass, agreeably to the respective hygrometric pro- 
perties of these two alkalies, and also to the smaller proportion of soda than of potash 
requisite to form glass. 

Air and light operate upon gloss probably by their oxidising property. Bluish or 
greenish colour^! glasses become by exposure colourless, in consequence undoubtedly 
of the peroxidisement of the iron, to whose protoxide they owed their tint; other glasses 
become purplcwed from the peroxidisement of the manganese. The glasses which con- 
tain lead, suffer another kind of change in the air, if sulphuretted hydrogen be pre- 
sent; the oxide of lead is converted into a sulphuret, with the effect of rendering tie 
surface of the glass opaque and iridescent. The more lead is m the glass, the quicker 
does this iridescence supervene. By boiling concentrated sulphuric acid in a glass 
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vessel, or upon glass, we can ascertain its power of resisting ordinary menstrua. 
Good glass will remain smooth and transparent ; bad glass will become rough and 
dim. The conditions of decomposition as it occurs in glass of^reat age, hare not 
been satisfactorily explained ; the glass of the Roman tombs decomposes from the 
surface, exfoliating in a remarkable manner, film after film, of a pearly and beauti- 
fully iridescent character, falling off one after the other. The same kind of change 
is seen on the windows of our ancient churches. 

The brittleness of unannealed glass by change of temperature is sometimes very 
great. This defect may be corrected by slowly heating the vessel in salt-water 
or oil to the highest pitch consistent with the nature of these liquids, and letting 
it cool very Blowly. Within the limits of that range of heat, it will, in conse- 
quence of this treatment, bear alternations of temperature without cracking. 

It has been said that glass made from silica and alkalies alone, will not resist tlie 
action of water, but that the addition of a little lime is necessary for this effect. 
In general 100 parts of quartxose sand require S3 parts of dry cerbonate of soda 
for their vitrification, and 45 parts of dry carbonate of potash. But to make un- 
changeable alkaline glass especially with potash, a smaller quantity of this than the 
above should be used with a very violent heat A small proportion of lime increases 
the density, hardness, and lustre of glass ; and it aids in decomposing the alkaline 
sulphates and xnariatcs'blways present in the pearlash of commerce. From 7 to 20 
parts of dry slaked lime have been added for 100 of silica, with advantage, it is 
said, in some German glass manufactories, where the alkaline matter is soda ; for 
potash does not assimilate well with the calcareous earth. 

In many glass works on the continent, sulphate of soda is the form under which 
alkaline matter is introduced into glass. This salt requires the addition of 8 per 
cent of charcoal to decompose and dissipate its acid ; a result which takes place at a 
high heat, without the addition of any lime. 88 pounds of quartz-sand, 44 pounds of 
dry glauber salt, and 3 pounds of charcoal, properly mixed and fused, afford a 
limpid, fluent, and workable glass; with the addition of 17 pounds of lime, these 
materials fuse more readily into a plastic mass. If less carbon be added, the fusion 
becomes more tedious. 

By a proper addition of galena (the native solphuret of lead) to glauber salt and 
quarts sand, without charcoal, it is said a tolerably good crystal glasB may be formed. 
The sulphuric acid of the salt is probably converted by the reaction of the sulphuret 
of lead into sulphurous acid gas, which is disengaged. 

One atom of sulphuret of lead — 1495*67, is requisite to decompose 3 atoms of 
sulphate of soda— 2676. It is stated, on good authority, that a good colourless glass 
may be obtained by using glauber salt without charcoal, as by the following formula. 

Qnartx sand - - - 100 pounds I Lime - 20 pounds 

Calcined glauber salt 20 „ j Cullet of soda glass - 12 „ 

The melting heat most be continued for 26 J hours. A small quantity of the sand 
is reserved to be thrown in towards the conclusion of the process, in order to fheilitate 
the expulsion of air bubbles. The above mixture will bear to be blanched by the 
addition of manganese and arsenic. The decomposition of the salt is in this case 
effected by the lime, with which the sulphnric acid first combines, which is then con- 
verted into sulphurous acid, and dissipated. Glass made in this way was found by 
analysis to consist of 79 parts of silica, 12 lime, and 9 a 6 soda, without any trace of 
gypsum or sulphuric acid. 

Glauber salt is partially volatilised by the heat of the furnace, and acts npon the 
arch of the oven and the tops of the pots. This is best prevented by introducing at 
first into the pots the whole of the salt mixed with the charcoal, the lime, and one- 
fourth part of the sand ; fusing this mixture at a moderate heat, and adding gradually 
afterwards the remainder of the sand, increasing the temperature at the same time. 
If we put in the whole ingredients together, as is done with potash glass, the sand and 
lime soon fall to the bottom, while the salt rises to the surface, and-ihe com binat ion 
becomes difficult and unequal. 

Sulphate of potash acts in the same way as sulphate of soda. 

Muriate of soda also, according to Kirn, may be used as a glass flux with advan- 
tage. The most suitable proportions are 4 parts of potash, 2 of common salt, and 3 of 
lime, agreeably to the following compositions. 



1 . 

2. 

Quarts sand ' 

- 60*0 

57*1 

Calcined carbonate of potash 

- 17-8 

191 

Common salt 

- 8-9 

9*5 

Lime ■ • ■ - 

- 13*3 

14-8 
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For No. 1, the melting heat must be 10 hoars, which tarns out a very pare, solid, 
good glass ; for No.v2, S3 hoars of the furnace are required. Instead of the potash, 
glauber salt may be substituted ; the proportions being then 19*1 glauber salt, 9*5 
muriate of soda, 14*8 lime, 57*1 sand, a£d 1*3 charcoal. 

The oxide of lead is an essential constituent of the denser glasses, and may be re- 
garded as replacing the lime, so as to form with the qaarts-sand a silicate of lead. It 
assimilates best with purified pcarlash, on account of the freedom of this alkali from 
iron, which is present in most sodas. 

Its atomic constitution may be represented as follows : 




Computation. 

Analysis. 

Silicic acid « - 

5 atoms « 2877*0 

59*19 

59 20 

Oxide of lead ... 

l - 1394*5 

28*68 

28*20 

Potash - 

1 a 590*0 

12*13 

9 00 

Oxides of iron and manganese 

- - 

- 

1*40 

• 

4861*5 


97*80 


The above analysis by Bcrthicr relates to a specimen of the best English crystal 
glass, perfectly colourless and free from air-bubbles. This kind of glass may, how- 
ever, take several different proportions of potash and silica to the oxide of lead. 

The composition of mirror-plate, ns made on the Continent, is as follows : — 

White quartz-sand ------ 300 pounds 

Dry carbonate of soda ..... 100 

Lime slaked in the air 43 

Cullet, or old glass 300 

The manganese should not exceed one half per cent, of the weight of soda. 

Optical glass requires to be made with very peculiar care. It is of two different 
kinds ; namely, crown glass and flint glass. The latter contains a considerable pro- 
]K>rtion of lead, in order to give it an increased dispersive power npon the rays of 
light, in proportion to its mean refractive power. 

Optical crown glass should be perfectly limpid, and have so little colour, that a 
pretty thick piece of it may give no appreciable tinge to the rays of light. It should 
be exempt from stria; or veins as well as air-bubbles, and have not the slightest 
degree of milkiness. It should, moreover, preserve these qualities when worked in 
considerable quantities. Potash is preferable to soda for making optical crown glass, 
because the latter alkali is apt to make a glass which devitrifies and becomes 
opalescent, by long exposure to heat in the annealing process. A simple potash silicate 
would be free from this defect, but it would be too attractive of moisture, and apt to 
decompose eventually by the humidity of the atmosphere. It should, therefore, con- 
tain a small quantity of lime, and as little potash as suffices for making a perfect 
glass at a pretty high temperature. It is probably owing to the high heats used in 
the English crown glass works, and the moderate quantity of alkali (soda) which is 
employed, that our crown glass has been found to answer so well for optical purposes. 

The following recipe for crown glass is excellent : — 

5 atoms of silica (21?) - - - - 80 

« i ^ w r a 


I carbonate of soda 54 

5 silica --------80 

1 carbonate of lime ----- 50 

1 atom of carbonate of baryta - - - 98 

% ft atoms of silica - - - - - 80 


Silicates of lime and baryta per sc, or even combined, are very refractory ; but they* 
vitrify well along with a third silicate, such as that of soda or potash. 

The following are additional recipes for making different kinds of glass. 

1. Bottle gloM/t . — 11 pounds of dry glanber salts $ 12 pounds of soaper salts : a half 
bushel of waste soap ashes; 56 pounds of sand; 22 pounds of glass skimmings ; 1 
cwt of green'broken glass *, 25 pounds of basalt This mixture affords a dark green 

glass. 

2. Yellow or white sand, 100 parts ; kelp, SO to 40; lixiviated wood ashes, from 160 
to 170 parts; fresh wood ashes, 30 to 40 parts ; potters clay, 80 to 100 parts ; cuflet 
or broken glass, 100, If basalt be used, the proportion of kelp may be diminished. 

In two bottle-glass houses in the neighbourhood of Valenc ienn es, an ^unknown in- 
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gradient, told by a Belgian, was employed, which he called spar. This was discovered 
by chemical analysis to be sulphate of baryta. The glam-makers observed that the 
bottles which contained some of this substance were denser, more homogeneous, more 
fusible, and worked more kindly, than those fprmed of the common materials. When 
one prime equivalent of the silicate of baryta* 123, is mixed with three primes of the 
silicate of soda=»(3 x 77*6) 232*8, and exposed in a proper furnace, vitrification 
readily ensues, and the glass may be worked a little under a cherry-red heat, with as 
much case as a glass of lead, and has nearly the same lustra. 

3. Green window glass, or broad glass, — 11 ponnds of dry glauber salt ; 10 pounds 
of soaper salts : half a bushel of lixiviated soap waste ; 50 ponnds of sand ; 22 pounds 
of glass pot skimmings; 1 cwt of broken green glass. 

4. Crown glass . — 300 parts of fine sand ; 200 of good soda ash ; 33 of lime ; from 

i 50 to 300 of broken gloss ; 60 of white sand ; 30 of purified potash ; 15 of saltpetre 
( 1 of borax); 4 of anenious acid. » 

5. Nearly white table glass. — 20 pounds of potashes; 11 pounds of dry glauber salts; 
16 of soaper salt ; 55 of sand; 140 of cullet of the same kind. Another. — 100 of 
sand; 235 of kelp ; 60 of wood ashes ; 1J of manganese ; 100 of broken glass. 

C. White table glass. — 40 ponnds of potashes ; 11 of chalk ; 76 of sand ; J of man- 
ganese ; 95 of white cuVet « 

Another. — 50 of purified potashes ; 100 of sand ; 20 of chalk ; and 2 of Baltpetrc. 

Bohemian table or plate plass is made with 63 parts of quarts ; 2G of purified pot- 
ashes ; 1 1 of sifted slaked lime, and some cullet 

7. Crystal glass.— 60 parts of purified potashes; 120 of sand; 24 of chalk; 2 of 
saltpetre ; 2 of arsenious acid ; ^ of manganese. 

Another. — 70 of purified pearl ashes ; 120 of white sand; 10 of saltpetre; £ of 
arsenious acid ; J of manganese. 

A third. — 67 of sand ; 23 of purified pearl ashes : 10 of sifted Blaked lime; } of 
manganese ; (5 to 8 of red lead). 

A fourth. — 120 of white sand ; 50 of red lead ; 40 of purified pearl ashes ; 20 of salt- 
petre ; } of manganese. 

A fifth. — 120 of white sand ; 40 of pearl ashes purified; 35 of red lead; 13 of salt- 
petre; A of manganese. 

A sixth. — 30 of the finest Band ; 20 of red lead ; 8 of pearl ashes purified ; 2 of salt- 
petre ; a little arsenious acid and manganese. 

A seventh. — 100 of sand ; 45 of red lead ; 35 of purified pearl ashes; } of manga- 
nese ; £ of arsenious acid. 

8. Plate glass. — Very white sand, 300 parts ; dry purified soda, 100 parts ; carbonate 
of lime, 43 parts ; manganese, 1 ; cullet, 300. 

Another. — Finest sand, 720 ; purified soda, 450 ; quicklime, 80 parts ; saltpetre, 25 
parts ; cullet, 425. 

A little borax has also been prescribed ; much of it communicates an exfoliating 
property to glass. 

Practical Details of the Manufacture of Glass. 

There are five different species of gloss, each requiring a peculiar mode of fabrica- 
tion, and peculiar materials : — 1. The coarsest and simplest form of this manufacture is 
bottle glass. 2. Next to it in cheapness of material may be ranked broad or spread 
window glass. An improved article of this kind is now mude near Birmingham, 
under the name of British or German plate. 3. Crown gloss comes next, or window 
glass, formed in large circular pl&tes or discs. This glass is peculiar to Great Britain. 
4. Flint glass, crystal glass, or glass of lead. 5. Plate or fine mirror glass. 

Tins Pots. — The materials of every kind of glass are vitrified in pots made of a 
pure refractory clay ; the best kind of which is a species of shale or slate clay dug 
out of the coal-formation near Stourbridge, li contains hardly any lime or iron, and 
consists of 6ilica and alumina in nearly equal proportions. The m&Aes arc carefully 
picked, brushed, and ground under edge iron wheels of considerable weight, and 
sifted through sieves having 20 meshes in the square inch. This ]>owdcr is moistened 
with water (best hot), and kneaded by the feet or a loam-mill into an uniform smooth 
paste. A large body of this dough should be made up at a time, and {aid by in a damp 
cellar to ripen. Previously to working it into shapes, it should be mixed with about 
a fourth of its weight of cement of old pots, ground to powder. This mixture is 
sufficiently plastic, and being less contractile by heat, forms more solid and durable 
steels. Glass- house pots have the figure of a truncated cone, with the narrow end 
undermost ; those for bottle and window -glass being open at top, about 30 inches 
diameter at« bottom, 40 inches at the mouth, and 40 inches deep ; but the flint-glass 
pots are covered in at top with a dome-cap, having a mouth at the side, by which the 
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materials are introduced, and tlie glass is extracted. Bottle and crown-honae pots axe 
from 3 to 4 inches thick ; those for flint-houses are an inch thinner, and of propor- 
tionally smaller capacity. See Clay. 

The well-mixed and kneaded dongh is first worked upon a board into a cake for 
the bottom ; over this the sides are raised, by laying on its edges rolls of day above 
each other with much manual labour, and careful condensation. The day is made 
into lumps, is equalised, and slapped much in the same way as for making pottery. 
The pots thus fashioned must be dried very prudently, first in the atmospheric tem- 
perature, and finally in a stove floor, which usually borrows its heat directly from the 
glass-house. Before setting the j/ots in the furnace, they are annealed during 4 or 5 
days, at a red heat in a small reverberatory vault, made on purpose. When com- 
pletely annealed, they are transferred with the utmost expedition into their seat in the 
fire, by means of powerful tongs supported on the axle of an iron-wheel carriage 
frame, and terminating in a long lever for raising them and swinging them round. 
The pot-netting is a desperate service, and when unskilfully conducted without due 
mechanical aids, is the forlorn hope of the gloss-founder. 

> The glass-houses are usually built in the form of a cone, from 60 to 100 feet high, 
and from 50 to 80 feet in diameter at the base. The furnace is constructed in the 
centre of the area/kbove an arched or groined gallery which extends across the whole 
space, and terminates without the walls, in large folding doors. TIiib cavern must 
be sufficiently high to allow labourers to wheel out the cinders in their barrows. 
The middle of the vaulted top is left open in the building, and is covered over with 
the grate-bars of the furnace. 

1. Bottle glass. — The bottle-house and its furnace resemble nearly Jig. 895. The 
furnace is usually an oblong square chamber, built of large fire-bricks, and arched 
over with fire-stone, a siliceous grit of excellent quality extracted from the coal 
measures of Newcastle. This fornacc stands in the middle of the area ; und has its 
base divided into three compartments. The central space is occupied by the grate- 
bars : and on either side is the platform or fire-brick siege (seat), raised about 12 
inches above the level of the ribs upon which the pots rest. Each siege is about 3 
feet broad. 

In the sides of the furnace semi-circular holes of about a foot diameter are left, 
opposite to, and a little above the top of, each pot, called working holes, by which 
the workmen shovel in the materials, and take out the plastic glass. At each angle 
of the furnace there is likewise a hole of about the same size, which communicates 
with the calcining furnace of a cylindrical form, dome-shaped at top. The flame 
that escapes from the founding or pot-furnace is thus economically brought to rever- 
berate on the raw materials of the bottle glass, so as to dissipate their carbonaceous or 
volatile impurities, and convert them into a frit A bottle-house has generally eigkt 
other furnaces or fire arches ; of which six are used for annealing the bottles after they 
are blown, and two for annealing the pots, before setting them in the furnace. 

Generally, for common bottles, the common river sand and soap-boilers’ waste are 
used. About 3 parts of waste, consisting of the insoluble residuum of kelp mixed with 
lime, and a little saline sabstance, are employed for 1 part of sand. This waste is first 
of all calcined in two of the fire arches or reverberatories reserved for that purjjose, 
called the coarse arches, where it is kept at a red heat, with occasional stirring, from 
24 to 30 hours, being the period of a journey, or juumie, in which the materials could 
he melted and worked into bottles. The roasted soap-waste is then withdrawn under of 
the name of ashes, from its arch, coarsely ground, and mixed with its proper proportion 
of sand. This mixture is now put into the fine arej, and calcined during the working 
journey, which extends to 10 or 12 hours. Whenever the pots are worked out, that 
frit is immediately transferred into them in its ignited state, and the founding process 
proceeds with such despatch that this first charge of materials is completely melted 
down in 6 hours, so that the pots might admit to be filled up again with the second charge 
of frit, which is founded in 4 hours more. The heat is briskly continued, and in the 
conrsc of from 12 to 18 hoars, according to the size of the pots, the quality of the fuel, 
and the draught of the furnace, the vitrification is complete. Before blowing the 
bottles, however, the glass must be left to settle, and to cool down to the blowing con- 
sistency, by shutting the cave doors and feeding holes, so as to exclude the air from the 
fire-grate and the bottom of the hearth. Tim glass or metal becomes more dense, and 
by its subsidence throws up the foreign lighter earthy and saline matters in the form of 
a scum on the" surface, which is removed with skimming irons. The furnace is now 
charged with coal, to enable it to afford a working heat for 4 or 5 hours, at the endof 
which time more fuel is cautiously added to preserve adequate heat for fini s h ing the 
journey. 

It is hardly possible to convey in words alone a correct idea of the manipulations 
necessary to the formation of a wine bottle. Six people are employed at this task : 
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one, called a gatherer, dips the end of an iron tube, about fire feet long, previously 
made red hot, into the pot of melted metal, turns the rod round art as to surround it with 
glass, lifts it out to cool a little, and then dips and turns it round again ; and so in 
succession till a ball is formed on its end sufficient to make the required bottle. He 
then hands it to the blower, who rolls the plastic lump of glass on a smooth stone or 
cast-iron plate, till he brings it to the very end of the tube ; he next introduces the 
pear-shaped ball into an open brass or cast-iron mould, shuts this together by pressing 
a pedal with his foot, and holding his tube vertically, blows through it, so as to ex- 
pand the cooling glass into the form of the mould. Whenever he takes his foot from 
the pedal-lever, the mould spontaneously opens out into two halves, and falls asunder 
by its bottom hinge. He then lifts the bottle up at the end of the rod, and transfers it 
to the finisher, who, touching the glass-tube at the end of the pipe with a cold iron, 
cracks off. the bottle smoothly at its mouth-ring. The finished bottles are immediately 
piled up in the hot annealing arch, where they are afterwards allowed to cool slowly 
for 24 hours at least 

2. Broad or spread window glass. — This kind of glass is called inferior window glass 
in this country, because coarse in texture, of a wavy wrinkled snrfhcc, and very cheap ; 
but on the continent spread window glass, being made with more care, is much 
better than ours, though still far inferior in transparency and polish to crown gluss, 
which has, therefore, nearly superseded its use among us. But Messrs. Chance and Co., 
of Birmingham, make British sheet glass upon the best principles, and turn out au 
article quite equal, if not superior, to anything of the kind made either in France or 
Belgium. Their materials are those used iu the crown-glass manufacture. The vitri- 
fying mixture is fritted for 20 or 30 hours in a reverberatory arch, with considerable 
stirring and puddling with hmg-handled shovels and rakes ; and the frit is then trans- 
ferred by shovels, while red hot, to the melting pots to be founded. When the glass is 
rightly vitrified, settled, and brought to a working heut, it is lifted out by iron tubes, 
blown into pears, which, being elongated into cylinders, are c rucked up ulong one side 
parallel to the axis, by touching them with a cold irou dipped in water, and are then 
opened out into sheets. The gloss cylinders arc spread on a bed of smooth stone Paris- 
plaster, or laid on the bottom of a reverberatory arch ; the cylinder being placed on its 
side horizontally, with the cracked line uppermost, gradually opens out, and flattens 
on the hearth. At one time, thick plates were thus prepared for subsequent polishing 
into mirrors ; but the glass was never of very good quality ; and this mode of making 
mirror-plate has accordingly been generally abandoned. 

The spreading furnace or oven is that in which cylinders are expanded into tables 
or plates. It ought to be maintained at a brisk red heat, to facilitate the softening of 
the glass. The oven is placed in immediate connection with the annealing arch, so 
that the tables may be readily and safely transferred from the former to the latter. 
Sometimes the cylinders are spread in a large muffle furnace, in order to protect them 
from being tarnished by sulphureous and carbonaceous fumes. 

Fip. 890 represents a ground plan of both the spreading and annealing furnace; Jig. 
891 is an oblong profile in the direction of the dotted line x x,Jig. 890. 

890 891 



a is the fire-place ; b b f the canals or flues through which the flame rises into both 
furnaces ; c, the spreading furnace, upon whose sole is the spreading slab rf, is the 
cooling and annealing oven ; e e, iron bars which extend obliquely across the anneal- 
ing arch, and serve for resting the glass tables against daring the cooling, ff, the 
channel along which the previously cracked cylinders are slid, so as to be gradually 
warmed ; g, the opening in the spreading furnace, for enabling the workmen to regu- 
late the process ; h, a door in the annealing arch, for introducing the tools requisite for 
raising up and removing the tables. 

The series of transformations in sheet glass, already described, is represented in Jig. 
M2, at ▲, n, c, D, s, F, o, H. 

Figs. 893 and 894 represent a Bohemian furnace in which excellent white window 
glass is founded. Fig. 893 is a longitudinal section of the glass and annealing furnace. 
Fig. 894 is the ground plan, a is the ash pit vaulted under the sole of the furnace ; 
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die fire-place itself U divided into three compartments j with a middle slab at d, which 
is hollowed in the centre, for collecting any spilt glass, and two hearth tiles or slabs 
bb . cc are the draught or air 

holes; e e are arches upon ■ 8 2 « 8 9 

which the bearing slabs //Aft _ 

partly rest In the middle be- ** rrma t * 7 7 /wfi u I 1 S 

tween these arches, the flame hr Kg| > |j|£|g|- -4 

strikes upwards upon the pots A | I# l ii I 

p p, placed as closely together 1 £ I W&Pn I 

as possible for economy of fl jx I 

room. A is the breast wall of ^ ll j~" a~ | f_ 

the farnace; i, fig. 894, the J I 

opening through which the ft I I ggi 

pots are introduced; it is Q w « 

bricked up as soon as they are ^ ^ ft fgp 

set. A A is the base of the jl fi — ®^r 

cone or dome of the furnace ; &i| F 

///, the working orifices, which |i| |1 |jl -» b 

are made larger or smaller ac- 11 11 11 \JMkzfcfm u 

cording to the sistfof the glass ill W |.ja / 

articles to be made, vn is the |w ||H 111 

flue which leads to the anneal- 111 I |H II ^ Mm 

ing stove n, with an arched IJll |^p |||| 0 

door. Exterior to this there BlLB 


is nsually a drying kiln, not shown in the figure ; and there are adjoining stoves, 
calk'd arches, for drying and annealing the new pots before they are set, 

The cooling or annealing arch, or leer, is often built independent of the glass-house 
furnace, is then heated by a separate fire-place, and constructed like n very long re- 
verberatory furnace. 

The leer pans, or trays of sheet iron, are laid upon its bottom in an oblong series, 
and hooked to each other. 

3. Croum-glass. — The crown-glass house with its furnace is represented in Jig. 895, 
where the blowing operation is shown on the one side of the figure, and th e flashing on 
the other. The furnace is usually constructed to receive 4 or 6 pots, of such dimen- 
sions as to make about a ton of glass each at a time. There arc, however, several 
subsidiary furnaces to a crown-house: 1, a reverberatory ftirnace or calcar, fur cal- 
cining or fritting the materials ; 2, r 
a blowing furnace, for blowing the 88J 
pear-shaped halls made at the pot- 
holes, into large globes, 3, a flash- 
ing furnace, and bottoming hole for 
communicating a softening heat, 
in expanding the globe into a cir- 
cular plate ; 4, the annealing arch 
for the finished tables ; 5, the rever- 
beratory oven for annealing the pots 
prior to their being set upon the 
foundirg siege. 

The materials of crown glass used 
to be. fine sand, by measure 5 parts, 
or by weight 10 ; ground kelp, by 
measure 11 parts, or by weight 16£ ; 
hut instead of kelp, soda ash is now 
generally employed. From 6 to 
8 cwt. of sand, lime, and soda-ash, 
mixed together in wooden boxes 
with a shovel,* are thrown on the 
sole of a large reverberatory. Here the mixture is well worked together with iron 
paddles, flat shovels, and rakes with long handles; the area of this furnace being 
about 6 feet square, and the height 2 feet. The heat soon brings the materials to a 
pasty consistence, when they must be diligently turned over, to favour the dissipation 
of the carbon, sulphur, and other volatile matters of the kelp or soda ash, and to in- 
corporate the fixed ingredients uniformly with the sand. Towards the end of 3 hours, 
the fire is considerably raised, and when the fourth hour has expired, the fritting 
operation is finished. The mass is now shovelled or raked out into shallow cast-irOn 
square cases, smoothed down, and divided before it hardens by cooling, into, square 
lumps, by cross sections with the spade. These frit-bricks are afterwards piled up 
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in a large apartment for use ; and have been supposed to improve with age, by the 
efflorescence of their saline constituents into carbonate of soda on their surface. 

The founding-pots are filled up with these blocks of frit, and She furnace is power- 
fully urged by opening all the subterranean passages to its grate, and closing all the 
doors and windows of the glass-house itself After 8 or 10 hoars the vitrification has 
made such progress, and the blocks first introduced are so far melted down, that 
another charge of frit can be thrown in, and thus the pot is fed with, frit till the 
proper quantity is used. In about 16 hours the vitrification of the frit has taken 
place, and a considerable quantity, amounting often to the ewt of liquid saline matter 
floats over the glass. This salt is carefully skimmed off into iron pots with long 
ladles. It is called Sandiver, or Glass-gall, and consists usually of muriate of soda, 
with a little snlphate. The pot is now ready for receiving the topping of cutlet, which 
is broken pieces of window glass, to the amount of 3 or 4 ewt Thu u shovelled in 
at short intervals ; and as its pressure forces up the residuary saline matter, this is 
removed ; for were it allowed to remain, the body of the glass would bo materially 
deteriorated. 

The heat is still continued for several hours till the glass is perfect, and the extri- 
cation of gas called the boil, which accompanies the fusion of crown glass, has nearly 
terminated, when the fire is abated, by shutting up the lower vault doors and eveiy 
avenue to the grate, in^rdcr that the glass may settle fine. At the end of about 40 
hours altogether, the fire being slightly raised by adding some coals, and opening the 
doors, the glass is carefully skimmed, and the working of the pots commences. 

Before describing it, however, we may 
state that the marginal figure, 896, shows 
the base of the crown-house cone, with the 
four open pots in two ranges on opposite 
sides of the furnace, sitting on their raised 
sieges , at each side of the grate. At one 
side of the base the door of the vault is 
shown, and its coune is marked by the 
dotted lines. 

The crown-glass furnace, Jigs. 897, 898, is an oblong square, built in the centre of a 
brick cone, large enough to contain within it two or three pots at each side of the 
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grate room, which is either divided as shown in the plan, or runs the whole length of 
the furnace* as the manufacturer chooses. Fig. 898 is a ground plan, and Jig, 897 a 
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front deration of a lix-pot fbrnaee. 1, 2, 3 897, are the working holei for the 
pnrpoees of ventilation, of patting in the materials, and of taking oat the metal to be 
wrought 4, 5, 6, 7, lire pipe holes fbr warming the pipes before beginning to work 
with them. 8, 9, 10, are foot holes for mending the pots and sieges. 11 is a bar 
of iron fbr binding the furnace, and keeping it from swelling. 

The arch is of an elliptic form ; though a barrel arch, that is, an arch shaped like 
the half of a barrel cut longwise through the centre, is sometimes used. But this soon 
gives way when used in the manufacture of crown glass, although it does very well 
in the day-furnace used fbr bottle houses. 

The best stone fbr building furnaces is fire-stone; it may bo obtained in the 
neighbourhood of Newcastle from the coal-measures generally, and some of the 
sandstones of the eastern counties are found to answer the purpose admirably. The 
great danger in building furnaces is, lest the cement at the top should give way with 
the excessive heat, and by dropping into the pots, spoil the metal. The top should 
therefore be built with stones only, as loose as they cun hold together after die centres 
are removed, and without any cement whatever. The stones expand and come quite 
dose together when annealing ; an operation which takes from eight to fourteen days 
at most. There is thus less risk of any thing dropping from the roof of the furnace. 

The inside of the square of the furnace is built either of Stourbridge fire-clay an- 
nealed, or of fire-stone, to the thickness of sixteen inches, ffhe outside is built of 
common brick, about nine inches in thickness. 

The furnace is thrown over an ash-pit, or cave as it is called, which admits the 
atmospheric air, and promotes the combustion of the fnmace. This cave is built of 
stone until it comes beneath the grate room, when it is formed of fire-brick. The 
abutments are useful for binding and keeping the furnace together, and are built of 
masonry. The furnaces are stoutly clasped with iron all round, to keep them tight. 
In four-pot furnaces this is unnecessary, provided there be four good abutments. 

Fig. 899 is an elevation of the flashing furnace. The outside is built of common 
brick, the inside of fire-brick, and the mouth or nose of Stourbridge fire-clay. 

901 
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Fig. 900 is tbo annealing kiln. It is built of common brick, except round tho 
grate room, where fire-brick is used. 

Few tools are needed for blowing and flashing crown-glass. The requisite ball of 
plastic glass is gathered, in successive layers as for bottles, on the end of an iron tube, 
and rolled into a pear-shape, on a cast-iron plate ; the workman taking care that the 
air blown into its cavity is surrounded with on equal body of glass, and if he percei\ es 
any side to be thicker than another, he corrects the inequality by rolling it on the slop- 
ing iron table called marver (marbre). He now heats the bulb in the fire, and rolls it so 
as to form the glass upon the end of the tube, and by a dexterous swing or two he 
lengthens it, as shown in t^fig. 901. To extend the n«ck of that pear, he next rolls it 
over a smooth iron rod, turned round in a horisontal direction, into the shape K ,fig. 901. 
By further expansion at the blowing furnace, he now brings it to the shape L, repre- 
sented in Jig. 901. 

This spheroid having become cool and somewhat stiff, is next carried to the bottom- 
ing hole (like./fy. 899), to he exposed to the action of flame. A slight wall erected 
before one half of this hole, screens the workman from the heat, but leaves room for 
the globe to paai between it and the posterior wall. The blowing-pipe is made to 
rest a little wav from the neck of the globe, on a hook fixed in the front wall ; and 
thus may be made easily to revolve on its axis, and by giving centrifugal force to the 
globe, while the bottom of it, or part opposite to the pipe, is softened by the heat, it 
soon assumes the form exhibited in M,Jfg. 901 . • 

In thin state the flattened globe is removed from the fire, and its rod^ being rested 
on the oosAer box covered with coal cinders, another workman now applies the end of 
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a solid iron rod tipped with melted glass, called a pun to, to the nipple or prominence 
in the middle; and thus attaches it to the centre of the globe, while the first work- 
man cracks off the globe by touching its tnbnlar neck with antfron chisel dipped in 
cold water. The workman haying thereby taken possession of the globe by its 
bottom or knobbled polo attached to his punty rod, he now carries it to another cir- 
cnlar opening, where he exposes it to the action of moderate flame with regular rota- 
tion, and thus slowly heats the thick projecting remains of the former neck, and 
opens it slightly out, as shown at w, in fig. 901. He next hands it to the flasher, who, 
resting the iron rod in a hook placed near the side of the orifice ▲ ,fig. 899, wheels it 
rapidly round opposite to a powerful flame, till it assumes first the figure o, and finally 
that of a flat circular table. 

The flasher then walks off with the table, keeping up a slight rotation as he moves 
along, and when it is sufficiently cool, he turns down his rod into a vertical position, 
and lays the table flat on a dry block of fire-clay, or bed of sand, when an assistant 
nips it off from the punto with a pair of long iron shears, or cracks it off with a touch 
of cold iron. The loose table or plate is lastly lifted up horixontally on a double 
pronged iron fork, introduced into the annealing arch. fig. 900, and raised on edge ; an 
assistant with a long-kneed fork preventing it from foiling too rapidly backwards. 
In this arch a great many tables of glass are piled up in iron frames, and slowly 
cooled from a heat of about 600° to 100 J F., which takes about 24' hours ; when they 
are removed. A circular plate or table of about 5 feet diameter weighs on an average 
9 pounds. 

4. Flint glass . — This kind of glass is so called because originally made with cal- 
cined flints, as the siliceous ingredient The materials at present employed in this 
country for the finest flint gloss are, first, sand, calcined, sifted, and washed ; second, 
an oxide of lead, either red lead or litharge $ and third, pearlash. Sand for flint 
glass manufacture is obtained from the Isle of Wight, Aylesbury, the New Forest, 
and some other localities in this country. A very beautiful sand is brought from 
America, and some has been sent home from Australia. The pearl ash of commerce 
must however be purified by digesting it in a very little hot water, which dissolves 
the carbonate of potash, and leaves the foreign salts, chiefly sulphate of potash, 
muriate of potash, and muriate of soda. The solution of the carbonate being allowed 
to cool and become clear in lead pans, is then run off into a shallow iron boiler, and 
evaporated to dryness. Nitre is generally added as a fourth ingredient of the body 
of the glass ; and it serves to correct any imperfections which might arise from acci- 
dental combustible particles, or from the lead being not duly oxidised. The above 
four substances constitute the main articles ; to which wc may odd arsenic and man- 
ganese, introduced in very small quantities, to purify the colour and clear up the 
transparency of the glass. The black oxide of manganese, when used in such quantity 
only as to peroxidise the iron of the sand, simply removes the green tinge caused by 
the protoxide of iron ; but if more manganese be added than accomplishes that 
purpose, it will give a purple tinge to the gloss. The arsenic is supposed to counter- 
act the izyury arising from excess of manganese, but is itself very apt on the other 
0,12 hand to communicate some degree 

of opalescence, or at least to im- 
pair the lustre of the glass. 

The raw materials of flint glass, 
arc always mixed with about a 
third or a fourth of their weight 
of broken glass of like quality ; 
this mixture is thrown into the 
pot with a shovel ; and more is 
added whenever the preceding 
portions by melting subside; the 
object being to obtain a pot frill of 
glass, to facilitate the skimming 
off the impurities and sandiver. 
The mouth of the pot is now shut, 
by applying day-lute round the 
stopper, with the exception of a 
small orifice belgw, for the escape 
of the liquid saline matter. Flint 
glass requires about 48 hours for 
its complete vitrification, though 
the materials are more fusible than 
those of crown glass ; in consequ e nce of the contents of the pot being partially screened 
by its cover from the action of the fire, as also from the lower intensity of the heat 
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Fty. 90S represents a flint glass house for 6 pots, with the arch or leer on one side for 
annealing the crystal ware. In fig. 903, the base of tlic cone is seen, and the glass 
pots m eitm on their platform PO* 

ranged round the central fire grate. 

The dotted line denotes the con- 
tour of the fhrnace. Jig. 909. ^ — A R4 

Whenever the glass appears fine, 
and is freed from its air bubbles, 
which it usually is in about 36 ^SJlUjjjh 
hours, the heat is suffered to fall 
a little by closing the bottom valves, 

&c., that the pot may settle ; but prior to working the metal, the heat is somewhat 
raised again. 

It would be useless to describe the manual operations of fashioning the various 
articles of the fliift-glass manufacture, because they are indefinitely varied to suit the 
conveniences and caprices of human society. 

Every different flint-house has a peculiar proportion of glass materials. The fol- 
lowing have been offered as good practical mixtures : — 

1. Fine white sand 300 parts. 

Red lead or litharge - ------ 200 

Refined pearl ashes ----.-.-80 

Nitre - -- -- -- -- -20 

Arsenic and manganese, a minute quantity. 

9. Fine sand - -- . 50*5 

Litharge ---------- - 27*2 

Refined pearl ashes (carbonate of potash, with 5 per cent, of water) 1 7*5 
Nitre - -- -- -- -- --4*8 


1 000 

To these quantities from 30 to 50 parts of broken glass or cnllet are added, with 
about a two- thousandth part of manganese, and a three-thousandth part of arsenic. 
Rut manganese varies so extremely in its purity, and contains often so much oxide of 
iron, that nothing can be predicated as to its quantity previously to trial. 

M. Payen, an eminent manufacturing chemist in France, says that the composition 
of "crystal” (the name given in France to their finest flint glass) does not deviate much 


from the following proportions : — 

Wood fire. 

Coni fire. 

Siliceous sand - - - 

- 3 

3 

Minium - 

- 2 

si 

Carbonate of potash 

■ ii 



The flint-glass leer for annealing glass, is an arched gallery or large flue, about 36 
feet long, 3 feet high, 4 wide ; having its floor raised above 2 feet above the grouud of 
the glass-house. The hot air and smoke of a fire-place at one end pass along this gal- 
lery, and are discharged by a chimney 8 or 10 feet short of the other end. On the floor 
of the vault, large iron trays arc laid and hooked to each other in a series, which are 
drawn from the fire end towards the other by a chain, wound abont a cylinder by a 
winch handle projecting through the side. The flint-glass articles are placed in their 
hot state into the tray next the fire, which is moved onwards to a cooler station when- 
ever it is filled, end an empty tray is set in its place. 'Thus, in the course of about 20 
honrs, the glass advances to the cool end thoroughly qnnealed. . 

Besides colourless transparent glass, which forms the most important part of this 
manufacture, various coloured glasses arc made to suit the taste of the public. The 
opaline crystal may be prepared by adding to the above composition (No. 2) phos- 
phate of lime, or well burnt bone-osh in fine powder, washed, and dried. The article 
mast be as uniform in thickness as possible, and speedily worked into shape, with a 
moderate heat Axide of tin, putty-powder , was formerly used for making opalescent 
glass, but the lustre of the body was always impaired by its means. 

Crystal vessels are made of which the inner surface is colourless, and all the external 
facets coloured. Such works arc easily executed. The end of the blowing-rod must 
be dipped first in the pot containing colourless glass, to form a bulb of a certain sixe, 
which being cooled a little is then dipped for an instant into the pot of coloured glass. 
The two layers dte associated without intermixture ; and when the article is finished 
in its form, it is white within and coloured without. Fluted lines somewhat deeply 
cat, pass through the coloured coat, and enter the colourless one ; so that when they 1 
cross, their ends alone are coloured. ... . .... , . , 

For some past, likewise, various crystal articles have been exhibited In the 
Vol.IL H H 
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market with coloured enamel figures on their surface, or with white incrustations of a 
silvery lustre in their interior. The former are prepared by placing the enamel object 
in the brass mould, at the place where it is sought to be attached. The bulb of gloss 
being put into the mould, and blown while very hot, the small plate of enamel gets 
cemented to the surface. For making the white argentine incrustations, small figures 
are prepared with an impalpable powder of dry porcelain paste, cemented into a solid 
by means of a little gypsum plaster. When these pieces are thoroughly dried, they 
are laid on the glass while it is red hot, and a large patch of very liquid glass is placed 
above it, so as to encase it and form one body with the whole. In this way the in- 
crustation is completely enclosed ; and the polished surface of the crystal which 
scarcely touches it, gives a brilliant aspect, pleasing to tbe eye. 

Optical Olass. — An uniform flint-glass, free from striae, or tera/Z//, is much in 
demand for the optician. It would appear that such an article was much more com- 
monly made by the English manufacturers many years ago, than at present ; and that 
in improving the brilliancy of crystal glass they have injured its fitness for construct- 
ing optical lenses, which depends, not so much on its whiteness and lustre, as ou its 
homogeneous character. Even a potful of pretty uniform glass, when it stands sonic 
time liquid, becomes eventually unequable by the subsidence of the denser portions ; 
so that strife and gelatinous appearances begin to manifest themselves, and the glass 
becomes or little value. Glass allowed to cool slowly in mass in the pot is particularly 
full of wreath, and if quickly refrigerated, that is in two or three hours, it is apt to 
split into a multitude of minute splinters, of which no use can be made. For optical 
purposes, the glass must be taken out in its liquid state, being gathered on the end of 
the iron rod from the central portion of a recently skimmed pot, after the upper laj era 
have been worked off in general article's. 

M. Guiimnd, of Brands near Neufchs'.tel, a workman in the watch and clock trade, 
appears to have discovered processes that furnished almost certainly pieces of flint 
glass capable of forming good lenses of remarkable dimensions, even of 11 inches 
diameter, of adequate density and transparency, and nearly free from stria. Guinaud’s 
plan consisted mainly in thoroughly mixing the melted “ metal ” with an iron ml. 
Gumand joined M. Fraucnhoffer, of Munich, and one of the largest of the lenses pro- 
duced by them, the diameter of which is 9 inches, is now in the observatory at Dorpat. 

Guinand was long in communication with the Astronomical Society of London; 
and he sent over some discs of flint-glass, of which Messrs. Dollond and Hcrschcl 
made a favourable report. A commission was formed, consisting of Herschel, Dollond, 
Faraday, and Uogct, but owing to the annoying interferences of the excise ofiiccra, 
notwithstanding the Government had made some special exceptions in favour of those 
scientific experiments, the results were not practically of that high value which might 
have l>ecn expected. Many of the observations however were of great value. A mongst 
other discoveries might be named the remarkable heavy glass, the Sihco-ttontle of laid, 
with which the discovery of the “so-called” magnetisation of a ray of light was made. 
M. Guinand died, and one of his sons worked with M. Bontemps, while the widow 
and another son set up works in Switzerland. From their manufactory t>ome examples 
of lcnst’8 were sent to the Great Exhibition of 1851. M. Bontemps mas in 1848 pre- 
vailed upon to accept the invitation of Messrs. Chance Brothers and Co. to unite with 
them in attempts they were then making to improve the quality of glass. They suc- 
ceeded in producing discs of extraordinary dimensions in flint of 29 inches diameter, 
weighing two cwt, and of crown glass up to 20 inches. Messrs. Chance, at the re- 
commendation of the jury, were induced to submit their disc of flint-glass to the 
operation of grinding, finishing, and other processes necessary in order to ascertain 
the uniformity of its density throughout, and its superior quality was fully established. 

M. Maes of Clichy, near Paris, proposes to manufacture optical glass, with the 
addition of barytes, magnesia, and oxide of zinc, in combination wilh borucic acid. 
The glass manufactured by M. Macs is exceedingly beautiful, but the boracic acid 
renders it very expensive. M. Cauchoix, the eminent French optician, says, that out 
of ten object glasses, 4 inches in diameter, made with M. Guinand’s flint-glass, eight 
or nine turned out very good, while out of an equal number of object glasses made of 
the flint-glass of the English and French manufactories, only one, or two at most, were 
found serviceable. 

An achromatic otyect gloss for telescopes and microscopes consists of at least two 
lenses ; the one made with glass of lead, or flint glass, and the other with crown glass; 
the former possessing a power of dispersing the coloured rays relatively to its mean 
refractive power much greater than the latter; upon which principle^ the achromatism 
of the image is produced, by re-uniting the different coloured rays into one focus. 
Three plans have been prescribed for obtaining homogeneous pieces of optical glass: 
I, to lift a mass of it in large ladles, and let it cool in them ; 2, to pour it out from 
the pots iuto moulds ; 3, to allow it to cool in the pots, and afterwards to cut it off in 
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horiiontal strata. The last method seldom affords pieces of uniform density, unless 
peculiar precaution^ have been adopted to settles the flint glass in uniform strata; 
because its materials arc of such unequal density, the oxide of lead having a spe- 
cific gravity of 8 f and silica of 2*7, that they are apt to stand at irregular heights in 
the pots. 

One main cause of these inequalities lies in the construction of the furnace, whereby 
the bottom of the pot is usually much less heated than the upper part In a plate glnss 
furnace the temperature of the top of the pot has been found to be 130° Wedgew., while 
that of the bottom was only 110°, constituting a difference of no less than 2610° F. 
The necessary consequence is that the denser particles which subside to the bottom 
during the fhsion of the materials, and after the first extrication of the gases, must 
remain there, not being duly agitated by the expansive force of caloric, acting from 
below upwards. 

The following suggestions, deduced from a consideration of principles, may pro- 
bably lead to some improvements, if judiciously applied. The great object is to 
counteract the tendency of the glass of lead to distribute itself into strata of different 
densities ; which may he effected either by mechanical agitation or by applying the 
greatest heat to the bottom of the pot. But however homogeneous the glass may be 
thereby made, its gubsequent separation into strata of different densities must be pre- 
vented by rapid cooling and solidification. As tho deeper th? pots, the greater is the 
chance of unequal specific gravity in their contents, it would be advisable to make them 
wider and shallower than those in use for making ordinary gloss. The intermixture 
may be effected either by lading the gloss out of one pot into another in the furnace, 
and back again, with copper ladles, or by stirring it up with a rouser, then allowing it 
to settle for a short time, till it becomes clear and free from air bubbles. The pot 
may now be removed from the furnace, in order to solidify its contents in their ho- 
mogeneous state ; after which the glass may be broken in pieces, and be perfected by 
subjecting it to a second fusion ; or wliat is easier and quicker, we may form suitable 
discs of glass without breaking down the potful, by lifting it out in flat copper ladles 
with iron shanks, and transferring the lumps alter a little * Lilc into the an. ealing 
leer. — Ure. 

To render a potful of glass homogeneous by agitation, is a most difficult task, as 
an iron rod would discolour it, and a copper rod would be apt to melt. An iron rod 
sheathed in laminated platinum would answer well, but for its expense. A stone- 
ware tube supported within by a rod of iron, might also be employed for the purpose 
in careful hands ; the stirring being repeated several times, till at last the n lasH is 
suffered to stiffen a little by decrease of temperature. It must be then allowed t(. 
settle and cool, after which the pot, being of small dimensions, may be drawn out of 
the fire. 

2. The second method of producing the desired uniformity of mixture, consists 
in applying a greater heat to the bottom than to the upper part of the melting pot. 
Fiy. 904 represents in section a furnace contrived to effect this object. It is cylin- 
drical, and of a diameter no greater than to allow the flames 
to play round the pot, containing from three to four cwts. of 
vitreous materials, a is the pot, resting upon the arched 904 
grid b a, built of fire-bricks, whose apertures are wide 
enough to let the flames rise freely, and strike the bottom 
and sides of the vessel. From to 2 feet under that arch, 
the fuel grate c d is placed, u c are the two working open- 
ings for introducing the materials and inspecting the progress 
of the fusion; they must be closed with fire* tiles qnd luted 
with fire-clay at the beginning of the process. At tne back 
of the furnace, opposite the mouth of the fire-place, there is 
a door- way, which is bricked up, except upon occasion of 
putting in and taking out the pot. The draught is regulated 
by means of a slide-plate, upon the mouth of the ash-pit f. 

The pot being heated to tho proper pitch, some purified pearl 
ash, mixed with fully twice its weight of colourless quartz 
sand, is to be thrown into it, and after the complete fusion of 
this mixture, the remaining part of the sand, along with the 
oxide of lead (fiqp litharge), is to be strewn npon the surface. 

These siliceous particles in their descent serve to extricate 
the air from tlfc mass. Whenever the whole is fused, the 
heat must be strongly urged to insure a complete uniformity 
of combination by the internal motions of the particles. As 
soon as the glass has been found by making test phials to be perfectly fine, the fire 
must be withdrawn, the two working -holes must be opened, as well as the mouths of 
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the fire-place and ash pit to admit free ingress to cooling currents of air, so as to con- 
geal the liquid mass as quickly as possible 1 ; a condition essential .to the uniformity of 
the glass. It may be worth while to stir it a little with the pottery rod at the com- 
mencement of the cooling process. The solidified pi ass may be afterwards detached 
a hammer in conchoidal discs, which after chipping off their edges, arc to be 
placed in proper porcelain or stone- ware dishes, and exposed to a softening heat, in 
order to give them a lenticular shape. Great care must l>e taken that the heat thus 
applied by the muffle furnace be very equable, for otherwise wreathes might be very 
readily reproduced in the discs. A small oven upon the plan of a baker’s, is best 
fitted for this purpose, which being heated to dull redness, and then extinguished, is 
ready to soften and afterwards anneal the conchoidal pieces. 

Ouinand's dense optical fiint glass, of specific gravity 3*61 6, consists, by analysis, of 
oxide of lead, 43*05 ; silica, 44*3 ; and potash, 1 1 *75 ; hut requires for its formation the 
following ingredients : — 100 pounds of ground quartz ; 100 pounds of fine red lead ; 35 
pounds of purified potash ; and from 2 to 4 pounds of saltpetre. As this species of 
glass is iqjured by an excess of potash, it should he compounded with rather a defect 
of it, and melted by a proportionally higher or longer hear. A good optical glass 
has been made in Germany with 7 parts of pure red lead, 3 parts of finely ground 
quartz, and 2 parts of calcined borax. 

5. Plate glass. — This, 'like English crown-glass, has a soda flux, whereas flint-glass 
requires potash, and is never of good quality when made with soda. We shall distri- 
bute our account of this manufacture under two heads. 

1. The different furnaces and principal machines, without whose knowledge it would 
be impossible to understand the several processes of a plate-glass factory. 

2. The materials which enter into the composition of this kind of glass, and the 
series of operations which they undergo ; devoting our chief attention to the changes 
and improvements which long experience, enlightened by modern chemistry, has intro- 
duced into the great manufactory of Saint- Gobain in France, under the direction of 
M. Tossaert. It may however be remarked that the English plate-glass manufacture 
derives peculiar advantages from the excellence of its grinding and polishing ma- 
chinery. 

The following description given by Dr. Ure refers almost entirely to the manufac- 
ture of plate glass in France. It is retained in nearly its original form, and is, in 
nearly all respects, equally applicable to the manufacture of the best plate glass in this 
country. 

The clay for making the bricks and pots shonld be free from linie and iron, and 
very refractory. It is mixed with the powder of old pots passed through a silk sieve. 
If the cluy be very plastic it will bear its own weight of the powder, hut if shorter in 
quality, it will take only three-fifths. But before mingling it with the cement of old 
pots, it must be dried, bruised, then picked, ground, and finally elutriated by agita- 
tion with water, decantation through a hair sieve, and subsidence. The clay fluid after 
passing the sieve is called slip ( coulis ). 

The furnace is built of dry bricks, cemented with slip, and has at each of its four 
angles a peculiar annealing arch, which communicates with the furnace interiorly, aud 
thence derives sufficient heat to effect in part, if not wholly, the annealing of the i>ots, 
which are always deposited there a long time before they are used. Three of these 
arches, exclusively appropriated to this purpose, are called j>ot-arches. The fourth is 
called the arch of the materials , because it serves for drying them before they are founded. 
Each arch has, moreover, a principal opening called the throat, another called honnunl, 
by the French workmen, through which fire may he kindled in the arch itself, when it 
was thought to he necessary for tjic annealing of the pots ; a practice now abandoned. 
The duration of a furnace ir. commonly a year, or at most 14 months; that of the 
arches is 30 years or upwards, as they arc not exposed to so strong a heat 

In the manufacture of plate-glass two sorts of crucibles arc employed, called the 
]x>ts and the basins (cuvettes), 'ITie first serve for containing the materials to be 
founded, and for keeping them a long time in the melted state. The curettes receive the 
melted glass after it is refined, and decant it out on the table to he nflled into a plate. 
Three pots hold liquid glass for six small basins, or for three large ones, the latter Iwing 
employed for making mirrors of great dimensions, that is, 100 inches long and up- 
wards. Furnaces have been lately constrncted with 6 pots, and 12 cuvettes, 8 of which 
arc small, and 4 large ; and cuvettes of three sixes are made, called spa//, mnUlimj , and 
large. The small are perfect cubes, the middling aud the large ones are oblong pn- 
rallelopipeds. Towards the middle of their height, a notch or groori?, two or three 
inches broad, and an inch deep, is left, called the girdle of the cuvette, by which part 
they are grasped with the tongs, or rather are clamped in the iron frame. This franio 
goes round the four sides of the small cuvettes, and may he placed indifferently upon 
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all their sides; in the other cuvettes, the girdle extends only over the two large sides, 
because they cannot j>e turned up. See m T,fig. 905, p. 360. 

The pot is an inverted truncated cone, like a crown gluss pot It is about 30 inches 
high, and from 80 to 32 inches wide, including its thickness. There is only a few 
inches of difference between the diameter of the top and that of the bottom. The 
bottom is three inches thick, aud the body turns gradually thinner till it is an inch at 
the mouth of the pot. 

The large building or factory, of which the melting furnace occupies the middle 
space, is called the halle in French. At liavenhead in Lancashire it is called the 
foundry, and is of magnificent dimensions, its length is 339 feet, and its breadth 155. 
The famous halle of St. Gobain is 174 feet by 120. Along the two side walls of the 
Italic, which are solidly constructed of hewn stone, there are openings like those of 
common ovens. These ovens, destined for the annealing of the newly cast plates, 
bear the name oj carqmises. Their soles are raised two feet and a half above the level 
of the ground, in order to bring them into the same horizontal plane with the casting 
tables. Their length, amounting sometimes to 30 feet, and their breadth to 20, are 
required in order to accommodate 6, 8, or even 10 plates of glass alongside of each 
other. The front aperture is called the throat, and the buck door the little throat 
(gundclte). The otrquaisc is heated by means of a lirc-plucc^f a square form called 
a tisnr , which extends along its side. 

The founding or melting furnace is a square brick building laid on solid foundations, 
being IVom 8 to 10 feet in each of its fronts, and rising inside into a vault or crown 
aluMit 10 feet high. At each angle of this square, a small oven or arch is constructed, 
likewise vaulted within, and communicating with the melting furnace by square Hues, 
called lunettes , through which it receives a powerful heat, though much inferior to that 
round the pots. The arches are so distributed as that two of the exterior sides of the 
furnace stand wholly free, while the two other sides, on which the arches encroach, 
offer a free space of only 8 feet In this interjacent space, two principal openings of 
tlie furnace, of equal size in each side, arc left in the building. These are called 
tunnels. They are destined for the introduction of the pots aud the fuel. 

On looking through the tunnels into the inside of the furnace, we perceive to the 
right band and the left, along the two free sides, two low platforms or sieges, at least 

30 inches in height and breadth. EjcJigs. 89G, 898. 

These sieges (seats) being intended to support the pots and the cuvettes filled with 
heavy materials, are terminated by a slope, which ensures the solidity of the fire-clay 
mound. The slopes of the two sieges extend towards tlie middle of the furnace so 
near as to leave a space of only from G to 10 inches between them for the hearth. The 
end of this is perforated with a hole sufficiently large to give passage to the liquid glass 
of a broken pot, while the rest is preserved by lading it from tlie mouth into the ad- 
joiuing cuvette. 

In the two large parallel sides of the furnace, other apertures are left, much smaller 
than the tunnels, which are called ouvreaux (peep holes). The lower ones, or the 
ouvreaux cn bos, called cuvette openings, because, being allotted to the admission of these 
vessels, they are exactly ou a level with the surface of the sieges, and with the floor of 
the halle . Plates of cast iron form the thresholds of these openings, and facilitate the 
ingress and egress of the cuvettes. The apertures are arched at top, with hewn stone 
like the tunnels, and are 18 inches wide when the cuvettes are IG inches broad. 

The upper and smaller apertures, or the higher ouvreaux, called the lading holes, be- 
cause they serve for trausvasing the liquid glass, are three in number, and are placed 

31 or 32 inches above the surface of the sicyes. As the pots are only 30 inches high, 
it becomes easy to work through these openings either in tlie pots or the cuvettes. The 
pots stand opposite to the two pillars which separate the openings, so that a space is left 
between them for one or more cuvettes according to the size of the latter. It is obvious 
that if the tunnels and ouvreaux were left open, the furnace would not draw or take the 
requisite founding heat Hence the openings are shut by means of fire tiles. These 
are put in their places, and removed by means of two holes left in them in corre- 
spondence with the two prongs of a large iron fork supported by an axle and two iron 
wheels, and terminated by two handles which the workmen lay hold of wheu they 
wish to move the tile. 

The closing of the tunucl is more complex. When it is shut or ready for the firing, 
the aperture appedVs built up with bricks and mortar from the top of the arch to the 
middle of the tugneL The remainder of the door-way is closed, — 1. on the two sides 
down to the bottom, by a small upright wall, likewise of bricks, and 8 inches broad, 
called walls of the glage ; 2, by an assemblage of pieces called pieces of the gltn/e, be-* 
cause the whole of the closure of the tunnel bears the name of ghige. The upper hole, 
4 inches square, is called the tisar, through which billets of wood are tossqd into the 
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fire. Fuel is also introduced into the posterior openings. The fire is always kept np 
on the hearth of the tunnel, which is on this account, 4 inches higher than the furnace- 
hearth, in order that the glass which may accidentally fall down on it, and which does 
not flow off by the bottom hole, may not impede the combustion. . Should a body of 
glass, however, at any time obstruct the grate, it must be removed with rakes, by open- 
ing the tunnel and dismounting the fire-tile stoppers of the ylayc. 

Formerly wood fuel alone was employed for heating the melting-furnaces of the 
mirror- plate manufactory of Saint-Gobain ; but within these few years, the director of 
the works makes use with nearly equal advantage of pit-coal. In the same establishment, 
two melting furnaces may be seen, one of which is fired with wood, and the other with 
coals, without any difference being perceptible in the quality of the glass furnished by 
either. It is not true, as has been stated, that the introduction of pit-coal has made it 
necessary to work with covered pots in order to avoid the discolouration of the materials, 
or that more alkali was required to compensate for the diminished heat in the covered 
]H>ts. They arc not now covered when pit-coal is used, and the same success is ob- 
tained as heretofore by leaving the materials two or three hours longer in the pots and 
the cuvettes. The construction of the furnaces in which coal is burned is the same 
as that with wood, with slight modifications. Instead of the close bottomed hearth of 
the wood furnace, there is an iron grate in the coal -hearth through which the air 
enters, and the waste oslics descend. 

When billets of wood were used as fuel, they were well dried beforehand, by being 
placed a few days on a frame work of wood called the wheel, placed two feet above 
the furnace and' its arches, and supported on four pillars at Borne distance from the 
angles of the building. 

The progress of chemistry, the discovery of a good process for the manufacture of 
soda from sea salt, which furnishes a pare alkali of uniform power, and the certain 
methods of ascertaining its purity, have rendered this department of glass-making far 
more certain than formerly. At Saint-Gohain no alkali is employed except artificial 
crystals of soda, prejiared at the manufactory of Chauny, subsidiary to that estab- 
lishment. The first crop of soda crystals is reserved for the plate-glass manufac- 
ture, the other crystals and the mother-water salts are sold to the makers of inferior 
glass. 

If glass contains much lend it has a yellow tint If manganese is present it changes 
by tlu* action of light to a pale rose. Iron imparts a dull greenish tint ; therefore the 
proportions of all those materials should be adjusted with great care. 

At the mirror-plate works of Ravenhcad, near St. Helen's in Lancashire, sodu crys- 
tals, from the decomposition of the sulphate of soda by chalk and coal, have been also 
tried, but without equal success os at Saint-Gobain ; the failure being unquestionably 
due to the impurity of the alkali, lleuce, in the English establishment, the soda is ob- 
tained by treating sea-salt with pearl-ash, whence carbonate of soda aud muriate of 
potash result The latter salt iB crystallised out of the mingled solution, hy evapora- 
tion at a moderate heat, for the carbonate of soda does not readily crystallise till the 
Icuipcrature of the solution fall lx? low 6U° Fahr. When the muriate of potash is thuB 
removed, the alkoliuc carbonate is evaporated to dryness. 

I*ong experience at Saint-Gobain has proved that one part of dry carbonate of soda 
is adequate to vitrify perfectly three parts of fine siliceous sand, us that of the mound 
of Auiiiout near Senlis, of Alum Ray in the Isle of Wight, or of Lynn in Norfolk. It 
is also known that the degree of heat has a great influence upon the vitrification, and 
that increase of temperature will compensate for a certain deficiency of alkali ; for it is 
certain that u very strong lire always dissipates u good deal of the soda, and yet the glass 
is not less beautiful. The iiiom perfect mirror- plate has constantly afforded to M. Vnu- 
quelin, in auulysis, a portion of soda inferior to wlmt had been employed in its forma- 
tion. lienee, it has become the practice to add, for every 1 00 parts of cullet or broken 
plate that is mixed with the glass composition, oue part of alkali, to make up for the 
loss that the old glass must have experienced. 

To the above mentioned proportions of sand and alkali, independently of the cullet 
which may be used, dry slaked lime carefully sifted is to be added to the amount of 
one seventh of the sand ; or the proportion will be, sand, 7 cwt. ; quicklime, 1 cwt. ; 
dry carbonate of soda, 2 cwt. and 37 lbs. ; besides cullet. The lime improves the quality 
of the glass ; rendering it less brittle and less liable to change. The preceding quan- 
tities of materials, suitably blended, have been uniformly found to afford most advan- 
tageous results. The practice formerly was to dry that mixture, as soon as it was 
made, in the arch for the materials, but it has Ixjen ascertained that this step may be 
dispensed with, and the small j>orlion of humidity present is dissijKited almost instantly 
hfter they are thrown into the furnace. The coat of glaxc previously applied to ihe 
inside of the pot, prevents the moisture from doing them any harm. For this reason, 
when the demand for gloss at Saint-Gobain is very great, th.* materials are neither 
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fritted nor even dried, bat shovelled directly into the pot ; this is called founding raw. 
Six workmen are employed in shovelling in the materials either fritted or otherwise, 
for the sake of expALition, and to prevent the furnace getting cooled. One-third of 
the mixture is introduced at first ; whenever this is melted, the second third is thrown 
in, and then the last These three stages are called the first, second, and third fusion 
or founding. 

According to the ancient practice, the founding and refining were both executed in 
the pots, and it was not till the glass was refined, that it was laded into the cuvettes, 
where it remained only 3 hoars, the time necessary for the disengagement of the air 
bubbles introduced by the transvasion, and for giving the metal the proper consistence 
for easting At present, the period requisite for founding and refining is equully 
divided between the pots and the cuvettes. The materials are left 16 hours in the pots, 
and as many in the cuvettes; so that in 32 hours, the glass is ready to be cast. During 
the last two or three hours, the firemun or tiseur ceases to add fuel ; all the openings 
are shut, and the glass is allowed to assume the requisite fluidity ; an operation called 
supping the glass, or performing the ceremony . 

The transfer of the glass into the is called lading (trejetage). Before this is 

done, the cuvettes are cleared oat, that is, the glass remaining on their bottom is re- 
moved, and the ashes of the firing. They are lifted red hot out of the furnaec by the 
method presently* to be described, and placed on an iron Opiate, near a tub filled 
with water. The workmen, by means of iron paddles G feet long, flattened at one end 
and hammered to an edge, scoop oat the fluid glass expeditiously, and throw it into 
water ; the cuvettes arc now returned to the furnace, and a few minutes afterwards the 
lading begins. 

In this operation, ladles of wrought iron are employed, furnished with long handles, 
which are plunged into the pots through the upper openings or lading holes, and 
immediately transfer their charge of glass into the buckets. Each workman dips his 
ladle only three times, and empties its contents into the cuvette. By these three 
immersions (whence the term trejefer is derived), the lurge iron spoon is heated so much 
that when plunged into a tub full of water, it makes a noise like the roaring of a lion, 
w liich iqgy be heard to a very great distance. 

The founding, refining, and ceremony beiug finished, they next try whether the gla^s 
bo ready for casting. With this view, the end of a rod is dipped into the bucket which 
is culled drawing the glass; the portion taken up beiug allowed to run off, naturally 
assumes a pear-shape, from the appearance of which they can judge if the consistence 
be proper, and if any air bubbles remain. If all he right, the curettes are taken out of 
the furnace, and conveyed to the part of the halte where their contents are to he poured 
out. This process requires peculiar instruments and manipulations. 

Casting. — While the glass is refining, that is, coming to its highest point of perfec- 
tion, preparation is made for the most important process, the easting of the plate, whose 
success crowns all the preliminary labours and cares. The oven or rorquals'! destined 
to receive and anneal the plate, is now heated by its small fire or tisar to such a pitch 
that its sole may have the. same temperature as that of the plates, beiug nearly red- 
hot at the moment of their being introduced. An unequal degree of heat in the 
carguaise would cause breakage of the glass. The casting table is then rolled towanls 
the front d'»or or throat, by means of levers, and its surface is brought exactly to the 
level of the sole of the oven. 

The table t, jig. 906, is a mass of bronze, or now preferably east-iron, about 10 feel 
long, 5 feet brood, and from C to 7 inches thick, supported by a frame of carpentry, 
which rests on three cast-iron wheels. At the end of the table opposite to that next to 
the front of I lie oven, is a very strong frame of timber- work, called the puppet or 
standard, upon which the bronze roller which spreads the glass is laid, before and 
after the casting. This is 6 feet long by 1 foot in diameter ; it is thick in the metal 
but hollow in the axis. The same roller can serve only for two plates at one easting, 
when another is put in its place, and the first is laid aside to cool ; for otherwise the 
hot roller would, at a third easting, make the plate expand unequally, and cause it to 
crack. When the rollers are not in action, they arc laid aside in strong wooden trestles, 
like those employed by sawyers. On the two sides of the table in the line of its length, 
are two parallel bars of bronze, /, /, destined to support the roller during its passage 
from end to end; the thickness of these bars determines that of the plute. The table 
being thus arranged, a crane is had recourse to for lifting the cuvette, and keeping it 
suspended, till it w emptied upon the table. This raising and suspension are effected 
by means of an fe*on gib, furnished with pulleys, held horizontally, and w hich turns with 
them. 

The tongs, T,Jtg. 905, are made of four irou bars, bent into a square frame iuthidf 
middle, for embracing the bucket. Four cliaius proceeding from the corners of the 
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frame v, are united at their other ends into a ring which fits into the hook of the crane. 
Things being thus arranged, all the workmen of the foundry co-operate in the manipu- 



lations of the casting. Two of them fetch, and place quickly in front of one of the lower 
openings, the small cuvette-carriage, which bears a forked bar of iron, having two 
prongs corresponding to the two holes left in the fire-tile door.. This fork, mounted 
on the axle of two cast-iron wheels, extends at its other end into two branches ter- 
minated by handles, by which the workmen move the fork, lift out the tile stopper, 
and set it down against the outer wall of the furnace. 

The instant these men retire, two others push forward into the opening the extre- 
mity of the tongs-carriage, so as to seize the bucket by the girdle or rather to clamp 
it- At the same time, a third workman is busy with an iron pinch or long chisel, 
detaching the bucket from its seat, to which it ofteu adheres by some spilt gloss ; 
whenever it is free, he withdraws it from the furnace. Two powerful branches of 
iron united by a bolt, like two scissor blades, which open, come together, end join by 
a quadrant near the other end, form the tongs-carriage, which is mounted ujioii two 
wheels like a truck. 

The same description will apply almost wholly to the iron-plate carnage, on which 
the bucket is laid the moment it is taken out of the furnace ; the only difference in its 
construction is, that on the bent iron bars which form the tail or lower steps of this 
carriage (in place of the tongs) is permanently fastened an iron plate, on which the 
bucket is placed and carried for the casting. 

Whenever the cuvette is set upon its carnage, it must be rapidly wheeled to its station 
near the crane. The tongs T above descrilied are now applied to the girdle, and are 
then hooked upon the crane by the suspension chains. In this position the bucket is 
skimmed by means of a copper tool called a Bahru, because it has nearly the shape of 
that weapon. Every portion of the matter removed by the sabre is thrown into a 
copjxT ladle (poche de gamin), which is emptied from time to time into a cistern of 
water. Alter being skimmed, the bucket is lifted up, and brushed very dean on its 
sides and bottom ; then by the double handles of the suspension-tongs it is swung 
round to the table, where it is seized by the workmen appointed to turn it over ; the 
roller having been previously laid on its ruler bars, near the end of the table which is 
in contact with the annealing oven. The cuvette-men begin to pour out towards the 
right extremity k of the roller, and terminate when it has arrived at the left extremity 
». While preparing to do so, ana ut the instant of casting, two men place within the 
ruler-bar on each side, that is, between the bar and the liquid glass, two iron instru- 
ments called hand s, mm, mm, which prevent the glass from spreading beyond the 
rulers, whilst another draws along the table the wiping bar c c, wrapped in linen, to 
remove dust, or any small objects which may interpose between the table and the 
liquid glass. r 

Whenever the melted gloss is poured out., two men spread it over the table, guiding 
the roller slowly and steadily along, beyond the limits of the glass, and then run it 
smartly into the wooden standard prepared for its reception, in place of the trestles v v. 

The empty bucket, while still red-hot, is hung again upon the craqc,sctonits plate- 
iron carriage, freed from its tongs, and replaced in the furnace, to he speedily cleared 
out anew, and charged with fresh fluid from the |>ots. If, while the roller glides along, 
the two workmen who stand by with picking tools perceive tears in the matter in ad- 
vance of the roller, and can dexlroasly snatch them out, they are suitably rewarded, 
according to the spot where the blemish lay, whether in the centre, where it would 
have proved most detrimeutal, or near the edge. These tears proceed usually from 
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■mall portions of semi-vitrified matter which fell from the vault of the furnace, and 
from their density occupy the bottom of the cuvettes. 

While the plate instill red-hot and ductile, about 2 inches of its end opposite to the 
carquaiee door is turned up with a tool $ this portion is called the head of the mirror ; 
against the outside of this head, the shovel, in the shape of a rake without teeth, is ap- 
plied, with which the plate is eventually pushed into the oven, while two other work- 
men press upon the upper part of the head with a wooden pole, eight feet long, to 
preserve the plate in its horizontal position, and prevent its being warped. The plate 
is now left for a few moments near the throat of the carquaue, to give it solidity ; 
after which it is pushed farther in by means of a very long iron tool, whose extremity 
is forked like the letter y, and hence bears that name ; and is thereby arranged in the 
most suitable spot for allowing other plates to be introduced. 

However numerous the manipulations executed from the moment of withdrawing 
the cuvette from the furnace, till the cast-plate is pushed into the annealing oven, they 
are all performed in less than five minutes. 

When all the plates of the same casting have been placed in the carquaise , it is 
sealed up ; that is to say, all its orifices are closed with sheets of iron, surrounded and 
made tight with plastic loam. With this precaution, the cooling {goes on slowly and 
equably in every port, for no cooling current can have access to the interior of the oven. 

After they are perfectly cooled, the plates are carefully withdrawn one after another, 
keeping them all the whue in a horizontal position, till they are entirely out of the 
curqitaise. As soon as each plate is taken out, one set of workmen lower quickly and 
steadily the edge which they hold, while another set raise the opposite edjge, tul the 
glass be placed upright on two cushions stuffed with straw, and covered with canvas. 
In this vertical position they pass through, beneath the lower edge of the plate, three 
girths or straps, each four feet long, thickened with leather in their middle, and ending 
in wooden handles ; bo that one embraces the middle of the plate, and the other two 
the ends. The workmen, six in number, now seize the handles of the straps, lift np 
the glass closely to their bodies, and convey it with a regular step to the warehouse. 
Here the head of the plate is first cut off with a diamond square, and then the whole is 
attentively examined, in reference to its defects and imperfections, to determine the 
sections which must be made of it, and the eventual size of the pieces. The parings 
and small cuttings detached are set aside, in order to be ground and mixed with the 
raw materials of another glass- pot. 

The apartment in which the roughing-down and smoothing of the plates is per- 
formed, is furnished with a considerable number of stone tables, truly hewn and placed 
apart like billiard tables, in a horizontal position, about 2 feet above the ground. 
They are rectangular, and of different sizes proportional to the dimensions of the 
plates, which they ought always to exceed a little. These tables are supported either 
on stone pillars or wooden frames, and are surrounded with a wooden board whose 
npper edge stands somewhat below their level, and leaves in the space between it and 
the stone all round an interval of 3 or 4 inches, of which we shall presently see the use. 

A cast plate, unless formed on a table quite new, has always one of its feces, the one 
next the table, rougher than the other ; and with this feeing the roughing-down begins. 
"With this view, the smoother face is cemented on the stone table with Paris-plaster. 
But often instead of one plate, several arc cemented alongside of each other, those of 
the same thickness being curcfully selected. They then take one or more crude 
plates of about one-third or one-fourth the surface of the plate fixed to the table, 
and fix it on them with liquid gypsum to the large base of a quadrangular truncated 
pyramid of stone, of a weight proportioned to its extent, or about a pound to the 
square inch. This pyramidal inuller, if small sized, hears at each of its angles of the 
upper face a peg or bill, which the grinders lay hold of in working it ; hut when of 
greater dimension, there is adapted to it horizontally a wheel of slight construction, 
8 or 10 feet in diameter, whose circumference is made of wood rounded so as to be 
seized with the hand. The upper plate is now nibbed over tho lower ones, with 
moistened sand applied between. 

This operatidh is however performed by machinery. The under plate being fixed 
or imbedded in stncco, on a solid table, the upper one likewise imbedded by the same 
cement in a cast-iron frame, has a motion of circomrotation given to it, closely resem- 
bling that communicated by the human hand and arm, moist sand being supplied 
between them. JVhile an excentric mechanism imparts this double rotatory movement 
to the upper plate round its own centre, and of that centre round a point in the lower 
plate, this plat! placed on a movable platform changes its position by a slow horizontal 
motion, both in the direction of its length and its breadth. _ By this ingenious con- 
trivance, which jiervades the whole of the grinding and jiolishing machinery, a re- 
markable regularity of friction and truth of surface is produced. A>hen the plates are 
sufficiently worked on oue face, they are reversed in the frames, and wosked together 
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on the other. The Paris plaster is usually coloured red, in order to show any defects 
in the glass. 

The smoothing of the plates is effected on the same principles by the use of moist 
emery washed to successive degrees of fineness, for the successive stages of the ope- 
ration; and the polishing process is performed by rubbers of hat-felt and a thin paste 
of colcothar and water. The colcotliar, called &1bo crocus, is red oxide of iron pre- 
pared by the ignition of copperas, with grinding and elutriation. 

The last part, or the polishing process, is performed by hand. This is managed by 
females, who slide one plate over another, while a little moistened putty of tin finely 
levigated is thrown between. 

Large mirror-plates are now the indispensable ornaments of every large and sump- 
tuous apartment; they diffuse lustre and gaiety round them, by reflecting the rays of 
light in a thousand lines, and by multiplying indefinitely the images of objects placed 
between opposite parallel planes. 

The process of silvering plate glass will be described under Mir&obs. For the 
production of the perfectly plane surface required to ensure true reflection, a process of 
the most careful polishing is required. It will not differ from the process already 
described in any respect, beyond that of the extreme care which is required. 

Not only is this great exactness of surface required for the production of mirrors 
of high class, but it is jven more necessary in the plates of glass employed in the 
production of “ the Ghost,” as it is called, which has of late excited so much 
of the public attention at the Polytechnic Institution, and elsewhere; this 
phenomenon being due to the total reflection of highly illuminated objects, which 
are hidden from the spectators, from the plane surface of highly polished plate 
glass. 

The progress of the plate glass manufacture is very instructive. Owing to the 
obstruction of Excise regulations, notwithstanding the reduction of the duty in 1819 
to per cwt, the production in I83G was but about 7,000 feet per week. In the 
latter year, however, the manufacture ceased to be confined to two honses ; new 
establishments were fonned, and in 1845 the production had more than trebled, at a 
great reduction of price. In 1845 the Excise duties on glass were abolished, and Sir 
JL Peel, in proposing their abolition, said, “ If you leave the manufacture altogether 
disburdened, as in France and Belgium, then, with your peculiar advantages of 
material, the command of alkali and coal, my belief is, yon will supply almost the 
whole world.” And, thanks to the wisdom of that measure, freedom from fiscal 
regulation has opened the door to extraordinary advantages, by incanB of which the 
cost of production has been reduced to a point below that of any other country. Iu 
coal the savings effected by unrestricted action are no less than 80 per cent, in' quan- 
tity alone, involving a corresponding decrease in the cost of furnaces, fire-clay, pots, 
tools, labour, and also in the erection of buildings that now suffice. The cost of coal, 
therefore, which, in London, in 1826 exceeded 1«. J Od. on each superficial foot of 
glass, is now about 2d. per foot. Sand also, which is its base, forming as it does 
nearly three-fifths of its composition, is now obtained near l^ondon in boundless 
supplies at 3*. Gd. and upwards per ton, of a quality superior to Lynn sand formerly 
used at 18a per. ton. The direct charge of labour, which in 1826 exceeded la Gd. 
per foot, is now about bd. per foot, and, notwithstanding this enormous reduction of 
more than 70 per cent, the average rate of wages for skilled labour is higher by 20 
per cent than forty years ago. In 1819 two furnaces, each having a huge chimney- 
shaft, were required to produce 1 ,000 feet per week, while at the present time tw'o 
furnaces, with only one chimney-shaft, suffice for the production of 12,000 feet, with 
the same, if not a less, consumption of fuel. Similarly, though in a less degree, 
grinding and polishing benches which then finished 200 feet each per week, now 
accomplish 500 feet to 700 feet, which, by judicious means, may tie still further 
increased to 1,000 feet and upwards. By these means the whole cost has been 
reduced to nearly the price of common duty-paid window glass thirty years ago; 
and whereas in 1819 the British make* was 3,000 feet per week, sold ut 20s. to 25s. 
per foot, it is now 140,000 feet, selling at 2s. r.nd upwards according to quality. The 
former superior make of this country has, indeed, been greatly neglected, and this 
has led to a very large increase in the import of the finest fabrics of France and 
Belgium, so that these imports amounted in 1862 and 1863 to about 16,000 feet per 
week, and those countries have had a corresponding sale in foreign markets in the 
absence of such supplies from Fngland ; but still the exports of British plate glass 
have increased about tenfold since 1849. No manufacture of this description exists 
in all the eastern hemisphere nor in the whole of America; the Japanese mirror 
still consists of costly, highly-polished steel. At home, glass is now extensively 
used in slabs for flooring and underground purposes, combining as it does greater 
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strength than die Tork flag, with the additional advantage of conveying light; 
and slabs tested at Woolwich dockyard have been found to bear a pressure exceed- 
ing a ton weight About twenty-five years ago, a supply of such slabs was required 
for the purpose of flooring a palace of one of the native princes of India, but the 
Excise restrictions then prevailing precluded its supply from England at less than 
30.v. per foot; it could now be afforded at 3s. to 4s. The successful application 
of glass also to the sheathing of iron ships, as recently tested in the Royal Navy, 
and die consequent freedom from the incrustation inseparable from both wood and 
iron, indicates a new and important opening in the further progress of the trade. In 
fact, its true position has yet to be attained, when the resources of this country Bhall 
have stimulated that more full development of which it is susceptible, and Great 
Britain shall, as the author of the freedom of this industry predicted, “ supply almost 
the whole world.** 

Bohemian glass. — M. Peligot states that the hard glass of Bohemia is composed of 
100 parts of si Rea, 12 parts of quicklime, and only 28 parts of carbonate of potash. 
These proportions give a glass quite unmanageable in ordinary furnaces ; but the ad- 
dition of a comparatively small quantity of boracic acid is capable of determining 
fusion, and the result is a glass having all the requisite limpidity at a high temperature, 
and possessing a^thc same time a great brilliancy and h&rdneRS. 

The Bohemian glass is, within certain limits, perfectly elftstic, and very sonorous ; 
when well made, it is sufficiently hard to strike fire with steel, and is scratched with 
difficulty. The lead glasses, on the other hand, have hut little hardness, aud less in 
proportion as they contain more oxide of lead ; besides which they rapidly lose their 
brilliancy by use. 

'The silica which is employed in Bohemia in the manufacture of glass, is obtained by 
calcining crystalline quartz, and afterwards pounding it while dry. When the quartz 
has been heated to a cherry-red, it is withdrawn from the fire, aud thrown imme- 
diately into cold water. 

Almost all the Bohemian glass is a j»otash glass, because soda and its salts give to 
glass a sensible yellowish tint The limestone which is used is as white as Carrara 
marble. The clay employed for the crucibles is very white, and consists of silica, 45, H 0 ; 
alumina, 40^, ; and water, 13^ 

The manufacture of glass in Bohemia is of very high antiquity, and the same pecu- 
liarities have always belonged to the true Bohemian manufacture. 

In our modern times the Bohemian glass has been more especially celebrated for 
the beautiful varieties of colours which are produced. See Glass, coloi kkd. 

Venetian glass. — From an early date the city of Venice has been celebrated for 
its glass ; the reticulated glass , the crackle glass , and the glass paper weights, or milk - 
fore, are all due to the Venetians. 

The manufacture of glass fjeads at Murano, near Venice, has been carried on for an 
indefinite period, and Africa aud Asia have been supplied from their glass-houses. The 
process is most ingeniously simple. Tubes of gloss of every colour, arc drawn out to 
great lengths in a gallery adjoining the glass-house pots, in the same way ns the more 
moderate lengths of thermometer and barometer tubes are drawn in our glass-houses. 
These tubes are chopped into very small pieces of nearly uniform length on the up- 
right edge of a fixed chisel These elementary cylinders being then put in a heap 
in‘o a mixture of flue sand and wood ashes, are stirred about with an iron spatula till 
their cavities get filled. This curious mixture is now transferred to an iron pan sus- 
pended over a moderate fire, and continually stirred about as before, whereby the 
cylindrical bits assume a smooth rounded form ; so that when removed from the fire 
and cleared out in the bore, they constitute Ik? ads, frtiicli are packed in casks, and ex- 
erted in prodigious quantities to almost every country. See Gkmb, artificial. 

'The manufacture of reticulated glass for which Venice was equally celebrated, was 
long lost; it was at length revived by Pohl, and the crackle glass was in like manner 
reproduced by Mr. A psley Pcllattiu 1851. 

The reticulated gloss is produced by a kind of network consisting of small 
bubbles, of air inclosed within the mass, and ranged in regular series crossing aud 
interlacing each other. To produce this ornamental np|K.*arance, hollow glass cones 
or conical tubes are kept prepared, containing already tin’s network arrangement of 
air bubbles. These tubes are made by arranging a number of small glass rods round 
a centre, so as to form a cylinder, and fixing them in this position by melted glass. 
The cylinder is then healed until the single rods stick together, when they are drawn 
out oil the pipe to a long cone, nnd spirally twisted at the same time, the one half to 
the right and the other to the left, when one of these hollow cones is inserted into 
the other, and the two ure heated uutil they fuse togetluv; wherever the little rt^s 
crus-s each other a bubble of air will be inclosed, and this occurring in a very regular 
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manner, the reticulated appearance is produced. The Venetians were also cele- 
brated for their 11 filigree.” This glass has of late years been reproduced in France 
and in this country. The process of manufacture has been thus described by Mr. 
Apsley Pellatt, in his Curiosities of Glass Manufacture : — 

“ Before ornaments or vessels can be blown, small filigree canes, with white or 
variously coloured enamels must be drawn. These are first ' whetted ’ off to the 
required lengths, and then put into a cylindrical mould with suitable internal 
recesses, and both cane and mould are thus submitted to a moderate heat The se- 
lection of the colour of the canes depends upon the taste of the manufacturer : two to 
four white enamel cones are chiefly used, alternately, with about half the number of 
coloured. The blower then prepares a solid ball of transparent flint glass, which being 
dei>ositcd in contact with the various canes, at a welding heat, occasions them to 
adhere. This solid ball is then taken from the mould, is reheated, and i tuarvcrcd ' 
till the adhering projecting ornamental canes are rubbed into one ^uniform muss ; 
the ball is next covered with a gathering of white gla^s, which must then be drawn 
to any size and length that may be required. Should a spiral cane be preferred, the 
‘ pucellas ' holds the apex in a fixed position, while the ornamental moss, still adhering 
to the glass maker's iron, is revolved during the process, till the requisite twist 
is given. Where vases are formed of alternately coloured and enamelled filigree 
caucs, the above process is repeated, and the usual mode of blowing is followed." 

The Venetian hall is a collection of waste pieces of filigree glass conglomerated 
together without regular design : this is packed into u pocket of transparent glass, 
which is adhesively collapsed upon the interior mass by sucking up, producing out- 
ward pressure of the atmosphere. 

Millefiore , or star work of the Venetians, is similar to the last, only, the lozenges of 
glass are more regularly placed. 

The Vitro di Trino of the Venetians is similar to the filigree in many respects ; but 
by closing an outer on the inner case, each containing filigree canes, a bubble of air lb 
inclosed between each crossing of the canes. 

The celebrated frosted glass of the Venetians was reintroduced by Mr. Apsley 
Pellatt in 1851, who thus describes the process of manufacture: — “Frosted glass, 
like Vitro di Trino, is one of the few specimens of Venetian work not previously 
made by the Egyptians and the Romans ; and not since executed by the Bohemian 
or French glass makers. The process of making it, until recently practised at the 
Falcon Gloss Works, was considered a lost art. Frosted glass has irregularly varied 
marblc-likc projecting dislocations in its intervening fissures. Suddenly plunging hot 
gloss into cold water, produces crystalline convex fractures, with a polished exterior, 
like Derbyshire spar ; but the concave intervening figures are caused, first by chilling, 
and then reheating at the furnace, and simultaneously expanding the reheated ball of 
glass by blowing; thus separating the crystals from each other, and leaving open 
figure's between, which is done preparatory to forming vases or ornaments. Although 
ffosted glass appears covered with fractures, it is perfectly sonorous.** 

GLASS, COLOURED. Most of the metallic oxides impart a colour to glass, and 
some non -metallic, and even some substances derived from the organic kingdom have 
the power of imparting permanent colours to the vitreous combinations of flint and 
potash. There is much in this subject which still requires examination. M. 
Bontemps, at the meeting of the British Association at Birmingham, brought for- 
ward some very extraordinary facts in connection with the colouring powers of 
different bodies. Of his communication the following is an abstract. 

lu the first place it was shown, that all the colours of the prismatic spectrum might 
be given to glass by the use of thg oxide of iron in varying proportions, and by the 
agency of different degrees of heat : the conclusion of the author being, that all the 
colours are produced in their natural disposition in proportion ns you increase the 
temperature. Similar phenomena were observed with the oxide of manganese. 
Manganese is employed to give a pink or purple tint to glass, and also to neutralise 
the slight green given by iron and carbon to glass in its manufacture. If flic glass 
coloured by manganese remains too long in the melting-pot or the annealing-kiln, 
the purple tint tarns first to a light brownish red , then to yellow, and afterwards to 
green. White glass, in which BBmall proportion of manganese has been used, is liable 
to become light yellow by exposure to luminous power. This oxide is also, in certain 
window glass, disposed to torn pink or purple under the action of Hhe sun’s rays. 
M. Bontemps has found that similar changes take place in the annealipg oven. He 
has determined, by experiments made by him on polygonal lenses for M. Fresnel, 
that light is the agent producing the change mentioned : and the author expresses a 
doubt whether any change in the oxidation of the metal will explain the photogenic 
effect A series of chromatic changes of a similur character were otaerved with the 
oxides of copper, the colours being in like manner regulated by the heat to which 
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the glen was exposed. It was found that silver, although with leas intensity, exhibited 
the same phenomena ; and gold, although usually employed for the purpose of imparting 
varieties of red, was* found by varying degrees of heating at a high temperature, 
and recasting several times, to give a great many tints, varying from blue to pink, 
red, opaque yellow, and green. Charcoal in excess in a mixture of silica-alkaline 
glass gives a yellow colour, which is not so bright as the yellow from silver : and 
this yellow colour may be turned to a dark red by a second fire. The author is 
disposed to refer these chromatic changes to some modifications of the composing 
particles rather tlian to any chemical changes in the materials employed. 

It is not possible in the present essay to enter into the minute details of this beau- 
tiful branch of glass manufacture. In the following statement the materials ordinarily 
employed to colour glass alone arc named. 

Yellow. Charcoal or soot is used for producing the commoner varieties of yeliow 
glass. 

The glass of Antimony, which is obtained by roasting sulphide of antimony until 
antimonious acid is formed, and melting it with about 5 per cent, of undecomposed 
sulphide of the same metoL 

The antimmiale of potash, a preparation similar to James’s powder, is stated to 
answer the same purpose. Bohemian glass is coloured yellow with glass of antimony, 
minium, and oxide of iron. * 

Silver imparts a very beautiful yellow colour to gloss ; but it requires some caution 
in its mode of application. It is believed, that the presence of alumina is necessary 
to the production of colour, since a fine yellow cannot be produced unless alumina 
be present. A mixture of powdered clay and chloride of silver is prepared, and 
spread upon the surface of the glass ; the glass is then reheated and the silver pene- 
trates to a certain depth into the glass, before the latter softens. The coating is then 
scraped off and the fine yellow colour appears. If the silver yellow glass is held 
over the flame of burning wood, a peculiar opalescence is produced upon the surfhcc, 
probably by the oxidation of the silver. 

Uranium produces the beautiful canary yellow, which is found in many articles of 
an ornamental kind. This glass possesses the very peculiar property of gi* ing a 
green colour when it is looked at, although perfectly and purely yellow when looked 
through. This lias been attributed to the presence of iron in the commercial oxide of 
uranium employed ; but the purer the uranium is, the moic beautifully will this 
phenomenon be brought out. It depends upon a very remarkable physical peculiarity 
belonging to uranium and some other bodies. See Fluorescence. 

Red. A common brownish red colour is produced in glass by oxule of iron , added 
as ochre, or in the state of pure peroxide. Muller found ancient red glass to contain silicic 
acid, alkalies, lime, magnesia, alumina, protoxide of iron, and suboxide of copper. 

Copper is more generally employed in colouring glass red. The use of this metal for 
this purpose dates from very high antiquity, and all through the middle ages it was 
employed to produce the reds which we see in the fine old windows left by our ancestors 
for our admiration. The ancient Htrmatinone was a copper red glass. Suboxidc 
of copper is used, either in the state of commercial copper scale, or it is prepared by 
heating copper turnings to redness. If, during the fusion of the glass in .the pot, the 
suh -oxide unites with an additional quantity of oxygen, green and not red is the result. 
This is avoided by combining some reducing agent with the melted substance. Glass 
thus coloured docs not exhibit its red colour on leaving the crucible ; it is nearly 
colourless, or with a tinge of green even when cold ; but if it is then heated a second 
time it assumes the red colour. IT. Rose supposes that a colourless neutral or acid 
silicate of the sub-oxide of copper is formed at a higji temperature, and that the subse- 
quent softening of the glass at a lower temperature causes the decomposition of this 
compound and a separation of a portion of the sub-oxide* We believe that no such 
chemical change takes place, and that the alteration is due merely to a change in 
the molecular arrangement of the particles. The sub-oxide of copper possesses an intense 
colouring power, so great indeed that gloss coloured with even a very small quantity 
is almost impermeable to light; hence it is usaal merely to flash colourless glass with 
this coloured glass, that is, to spread a very thin film of it over the colourless surface. 
A process for colouring glass red after its manufacture with sulphide of copper has 
been introduced by Bedford. 

Gold can accoeding to circumstances he made to impart a ruby, carmine, or pink 
tint to glass. The purple of Cassius, was employed ; but Dr. Fuss first showed that 
a mere olutiod of gold without the presence of tin, as in the salt named, is capable 
of producing rose and carmine coloured glass. 

Similar changes to those already described with copper occur with the salts c.f 
gold. Perhaps the glass is colourless in the pot, and it then remains colourless when 
cold; but when reheated, the glass quickly assumes a light red colour, which rapidly 
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spreads from the heated point over the whole glass, and increases in intensity until it 
becomes nearly a black red. This coloured glass can be again rendered colourless 
by fusion and slow cooling; its colour is again produced by a repetition of the heating 
process. If, however, it is suddenly cooled it cannot, again be made to resume its 
ruby colour. This is also an example confirmatory in the highest degree of the 
view, that no chemical change takes place ; but that all the phenomena are due to 
alterations in molecular structure. The practice of flashing colourless glass with the 
ruby glass from gold is commonly adopted. The beautiful examples of the Bohe- 
mian glass manufacture, in which we have a mixture of rich ruby and the purest 
crystal, arc produced in this way. A globe of hot colourless glass :s taken from the 
pot, and a cake of ruby glass prepared with a composition called schmebze, is wanned 
and brought into contact with the melted globe ; this ruby glass rapidly diffuses 
itself over the surface, and the required article is blown or moulded with a coaling 
of glass, coloured ruby by gold, of any required thickness. 

Schmebze is prepared with 500 parts of silica, 800 of minium, 100 of nitre, and the 
same quantity of potash. A very small portion of a solution of gold in aqua regia is 
intimately mixed with 500 parts of schmebze, 43 parts of prismatic borax, 3 or 4 of 
oxide of tin, and a similar quantity of oxide of antimony. This mixture is heated for 
twelve hours in an open crucible placed in a fiat furnace, and then pooled Blowly in an 
annealing oven. A Bohemian ruby , especially so called, is prepared by melting to- 
gether fulminating gold rubbed in with oil of turpentine, quartz powdered, and fritted 
minium, sulphide of antimony, peroxide of manganese, and potash. Bohme has given 
an analysis of a Venetian ruby gloss, in which ^ of a grain of gold is combined with 
about 150 of the ordinary ingredients of glass, with some tin and iron. 

Manganese is sometimes employed to give a fine amethystine colour to glass ; 
care is however required to prevent the reduction of the peroxide of manganese m the 
process. 

(■been. Green colours may be obtained by a variety of metallic oxides. Protoxide 
of iron imparts a dull green ; an emerald green colour is given by oxide of copjwr. 
Either copper scaleB or verdigris dried and powdered are employed, the colour being 
much finer with a lead glass, than with one containing no lead. Translucent or dial 
ylass is converted into a deep blue or turquoise colour by oxide of copper and not 
into a green. An emerald green is also produced by the oxide of chromium. Two kinds 
of Bohemiun green glass, known respectively as the ancient and modern emerald 
greens, arc prepared from mixtures of the oxides of nickel and of uranium. 

Blue. The only fine blue is produced by cobalt. The manufacture of small or 
zaffre is so important that it will bo treated of in a separate article. See Smalt and 
Cobalt. 

Brown. Peroxide of manganese with zaffre yields a fine garnet-like brown. 

Pink or Flesh Colour. Oxide of iron ai.d alumina, obtained by heating a mixture 
of alum and green vitriol. 

Orange. Peroxide of iron with chloride of silver. 

Jasper. A Bohemian glass, generally black, but of fine lustre, prepared by adding 
forge scales, charcoal, and bone ashes to the ordinary materials for glass. 

Amongst the different varieties of glass, artificial gems may be enumerated. For a 
description of their manufacture, see Gems, Artificial. 

GLASS, STAINED. See Glass, Coloured. 

GLASS, its physical conditions and chemical constitution. — So far as may oe in- 
ferred, from the analysis of ordinary commercial sampk s of window-gloss, this substance 
has not only a very variable composition, but, worse than this, it is out of all keeping 
with uny thing like definite proportion. That it should be full of striae, and, therefore, 
refract the rays of light unequally, as it does, so as to produce the most hideous ap- 
pearances of distortion, is a mere natural consequence of its mechanical composition, 
which might, fcnd must one day be corrected ; but that whole nations shonld have 
come to view this defect as an unavoidable peculiarity, is precisely one of those sur- 
prising facts which demonstrate the influence of habit over the powers of the mind, 
and show how easily human reason can recon. ilc itself to the most'' gross inconsist- 
encies. If window-glass had one uniform atomic composition, the tendency to form 
these stria) would nowhere exist in excess ; and, therefore, their production would 
diminish as the skill of the workmen increased ; but, with the present variable com- 
pound, the glass stretches unequally in different parts, by an equal application of 
force, and, in spite of human skill, presents a result alternately thick or thin, as ac- 
cident determines. That these stri© have not the same composition a's the parts sur- 
rounding them is very obvious, from the circumstance that, if striated glass be cut to 
an uniform thickness, and polished on both sides, the optical defects remain but little 
changed, and occasionally they are found to be increased. Again it is known, that 
the more complex the composition of any gloss may be, the greater the liability to this 
striated structure, — of which flint glass offers an apposite illustration ; for here, in 
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addition to the ordinary components of glass, the silicate of lead is saperadded. Now 
the specific gravity of silicate of lead is very high compared with that of silicate of 
soda, potash, or liiAc ; hence, unless employed in the exact quantity to form a 
chemical combination with the other silicates, a mere mechanical mixture is produced 
of \ery different densities throughout ; and the product, under the action of light, dis- 
plays, permanently, that peculiar fugitive appearance seen when syrup and water, or 
alcohol and water, are mixed together ; that is to say, a series of curved lines are 
formed by the unequal refraction of the two fluids, which entiiely disappear, so soon 
as perfect admixture has taken place, hut which remain in the case of flint-glass, 
from the utter impossibility of effecting the necessary anion between its various parts. 
Although, however, this cannot be done mechanically, yet, in a chemical way, nature 
performs such operations with ease and unerring fidelity. The French chcinhf. 
Berth icr, long ago proved that many neutral salts combine together by fusion in 
atomic proportions, and form new and definite compounds. Thus, carbonate of potash 
and carbonate <Tf soda when mixed, atom for atom, unite and produce a compound 
more easy of fusion than the most fusible of the two: — similarly, either of tliose car- 
bonates will act with carhonate of baryta or strontia, and again, fluor-spar and 
sulphate of lime, two remarkably infusible substauces, when mixed, melt readily, at 
a low red heat, intp a fluid as mobile and transparent as water. It is nseless to mul- 
tiply examples of this kind, for thousands exist; and the alkaline and earthy silicates 
form no exception to this almost universal rule. A mixture of silicate of potash and 
silicate of soda will, if in atomic ratios, fuse much more readily than either of them 
alone. But now, let ns imagine an attempt to fuse these two bodies together, in any 
other proportion than that in which they are naturally disposed to combine ; — say 
that the silicate of soda is in excess ; then the silicate of potash would unite with 
exactly sufficient of the silicate of soda to produce the extremely fusible compound 
above spoken of ; whilst the less easily fusible silicate of soda, added in excess, would 
form a kind of network throughout the mass. It may he said, that a higher heat 
would overcome this difficulty, by thoroughly liquefying the silicate of soda; and this 
is really the plan now used with that view; hut, independent of the fact that the 
mixed silicate of potash and soda would also undergo a corresponding liquefaction, 
and, therefore, favour the separation of the silicate of soda ; yet, as chemical union is 
impossible, from the very conditions of the experiment, even the most perfect me- 
chanical mixture, under the greatest advantages of fluidity, would never generate a 
homogeneous body. The striic might, indeed, be diminished in size ; hut this would 
imply a corresponding increase in their number ; and, if carried very far, complete 
opacity would result from such an endeavour to subvert the laws of nature. The 
power of the workmen to remedy this defect is therefore limited to the capability of 
modifying its more salient features ; he can neither remove nor destroy it, What 
we have here illustrated by the simplest of all assumptions, gathers and accumulates 
into a formidable evil when several silicates are fused together, having considerable 
differences of specific weight Thus, in the case of flint-glass before alluded to, there 
are generally three, and sometimes five, of these silicates fused together, into, pro- 
bably, one of the most antagonistic compounds that could he conceived, refracting and 
dispersing the ray of light in fifty directions, and demonstrating the unfriendly 
nature of its coerced union, by flying in pieces fVom the most trivial applications of 
heat or violence. Yet in flint-glass we arc not surpassed, nor indeed equalled, by 
any other nation ; and so thoroughly has this beautiful substance become associated 
with our industrial reputation, that the British name, flint glass, has been adopted into 
several continental languages. Nevertheless, it cannot he doubted that a wide field of 
improvement is open in this quarter, and that some pi ore solid foundation is needed by 
our manufacturers in this line, than the prestige of a name, or the force of capital. 

In France, us in England, the ingredients are mixed with some care, and intro- 
duced into a crucible, heated by a powerful furnace. These ingredients are sand or 
silic-n, carbonate of Foda, and carbonate of lime, with perhaps a little ground felspar in 
Borne cases. The carbonate of soda is first attacked by the silica, and its carbonic acid 
driven off, whilst the remaining silica and carbonate of lime become imbedded in the 
vitrifying moss. As the heat increases, a more perfect fusion takes place ; and then 
the carbonic acid of the carbonate of lime makes its way through the fused materials 
by which they are mechanically mingled together during the effervescence, which is 
technically termed the “ boil ;” and, provided no after separation ensues from the 
process of “ settling,” the whole crucible or “pot ” of glass will have a uniform com- 
position. But as we have seen, this depends altogether upon the relative proportion 
of the materials towards each other, for an excess of either one or other of the bases 
will destroy the homogeneous character of the whole, and introduce a plexus of strife. 
Now the plate-glass of St. Gobain is almost exactly an atomic compound, and consists 
of one atom of the trisilicatc of soda and one atom of the trisilicate of 4ime, with a 
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small percentage of alumina. The onion is therefore complete ; and when it is re- 
membered that the celebrated French chemist, Gay-Lussac, waq regularly employed 
as an adviser to this company, and that his son, M. Jules Lusdac, retains that ap- 
pointment to this day, it is not very surprising that our manufacturers are defeated in 
the article of plate-glass. Science must ever take the lead of prejudice and custom. 

The examination of English plate-glass fully corroborates the general result deduced 
from the action of light. There is no approach to an atomic arrangement The 
principal constituent u trisilicate of soda, but variable quantities of lime, alumina, 
and even magnesia, exist in it Potash is sometimes present, and oxide of iron is 
invariably so ; but in not one single instance, out of 17 samples examined with great 
care, could so much as a surmise of the doctrine of combining proportions be gathered 
from the result of the analyses. Similarly fruitless was a research instituted upon flint- 
glass, both British and foreign. Of 35 samples analysed, no satisfactory evidence 
could be adduced to favour the opinion that science had been a helpmate to industry, 
or was at all concerned in this branch of manufacture. There arc, however, some 
points of vast interest associated with the practical working out of this matter. Potash 
is known to give a more brilliant and harder glass than soda, and alumina seems to 
tend in the same direction. The Bohemian glass, so celebrated throughout Europe, is 
a glass of this description, and contains silicate of alumina, silicate of lime, and silicate 
of potash, but not in cUbmical proportions. This glass is therefore striated, but it 
seems to permit of a more perfect decoration by metallic oxides than can be de- 
veloped in glass of lime and soda. This very probably depends upon the alumina 
contained in it. From some singular oversight, the use of carbonate of baryta has not 
yet found its way into the composition of glass, though we can scarcely conceive a 
more hope Ail material. This substance may be had in large quantity in the North of 
England, of great purity, and at a merely nominal cost as compared with its value 
for such a purpose as glass-making. That it would fuse readily with a due amount 
of soda, and give “ a boil ” as well os chalk, there can be no doubt j whilst its great 
density will certainly improve the refractive power of the resulting product, and thus 
rival the brilliancy of lead or flint-glass, without imparting that softness and liability 
to receive scratches which are so objectionable in the latter variety. One difficulty 
may perhaps reside in the want of information concerning the quantity to be em- 
ployed. But this is easily adjusted ; for it has been demonstrated that, during vitri- 
fication, the silicic acid unites to bases in the proportion of three atoms to one : 
consequently three atoms, or 138 parts, will always require one atom of each base. 
Therefore, this weight of good dry sand may be set against 54 of dry carbonate of 
soda, 70 of carbonate of potash, 50 of pure marble or chalk, 99 of carbonate of baryta, 
and 112 of oxide of lead or litharge. Suppose, then, that the object is to employ 
carbonate of baryta for the first time, here 6 atoms or 276 parts of sand, 1 atom or 54 
parts of dry carbonate of soda, and 1 atom or 99 parts of carbonate of baryta, may be 
mixed and fused together with every prospect of obtaining a good result ; or 9 atoms 
of silica, 1 of carbonate of potash, l of carbonate of soda, and 1 of carbonate of bary ta, 
might be tried without fear of failure. Again, in the case of flint-glass, 112 of 
litharge, 54 of soda, and 276 of sand, would probably succeed, or an additional atom 
of trisilicate of potash might be used. For many years past, M. Dumas, now, perhaps, 
the first chemist in France, has been in the habit of demonstrating to his pupils that 
glass of all kinds, when properly made, must necessarily be an atomic compound ; 
and yet we scarcely expect to find a single British glassmaker who will admit that 
his art is susceptible of such decisive and beautiful simplification. 

To assist as Air as we can in the attainment of this end, we Bhall proceed to describe 
a simple means for the analysis of glass, which will enable any person, possessed of 
even very trifling chemical skill, to determine the composition of any given sample of 
glass in a comparatively short time. From the nature of the material, it becomes ne- 
cessary to divide the analysis into two distinct portions ; one of which has for its 
object the estimation of its alkaline ingredients, the other that of the earthy, metallic, 
and siliceous matters. Having heated a sufficient quantity of the soxpple in question 
to dull redness, it must be suddenly thrown, whilst still hot, into a basin containing 
cold water. In this way it becomes cracked and flawed in all directions, so as to 
fitvour its reduction into powder. When dry it must, therefore, be carefully ground 
in an agate or steel mortar, until it has the appearance of fine flour. Nor is it a 
matter of indifference whether this takes place in contact with water tor not ; for glass 
in this extreme state of comminution, readily gives up a part of its alkali to water ; 
and hence, if ground in the presence of that fluid, the resulting analysis would prove 
incorrect. But we will suppose that a quantity of finely powdered glass has been ob- 
tained as above indicated, and the amount of its alkali is desired ; then weigh out 
100 grains of the glass, and carefhlly mix with it 200 grains of pure fluor spar in a 
similarly powdered condition. Place the mixture in a platinum or leaden vessel, and 
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pour over it 500 grains of strong sulphuric acid, — stirring the whole well together 
with a silver spoon, hut taking care not to remove any portion of the materials. 
Next, apply a heat of about 212° Fahr. ; and as the process draws to a conclusion, 
this may be raised as high as 300°. When all evolution of gaseous fhmes has ceased, 
water may be poured on the residuary mass to the extent of four or five ounces, and 
the mixture thrown on a filter. After the clear fluid has passed through, a little more 
water must be added to the filter, so as to wash out the whole of the soluble matter; 
these washings being joined to the original clear fluid, which consists of sulphate of 
soda or potash, or both, with a quantity of sulphate of lime, and perhaps also of 
magnesia and alumina. To this an excess of carbonate of ammonia most now be 
added, to admit of the separation of the earthy salts being effected by filtration. The 
dear solution is next boiled down to dryness, and the residue is heated red-hot for a 
minute or twa This residue is the soda or potash, or both, formerly contained in 
100 grains of the glass, but now united to sulphuric acid. Having ascertained its 
weight, the relative proportions of potash and soda muy be found by testing its con- 
tent of sulphuric acid with a harytic solution, and calculating the result by the well- 
known Archimedean equation ; or by dissolving the mixed salt in a small quantity of 
water, and, after adding an excess of tartaric acid, leaving the whole for a few hours 
covered up in a cool place. Almost the whole of the potash will separate in this way 
as bitartrate of potafh. The quantity of alkali may be determined from the atomic 
constitution of the alkaline salts. Thus, supposing the dry residue altogether com- 
posed of sulphate of soda, then as 72 grains of it indicate 32 of pare soda, the result 
may be obtained by the rule of proportion. The amount of alkali being known, 
another portion o£ the powdered glass must he employed for ascertaining the re- 
mainder of the ingredients. That is to say, 100 grains of the sample must be mixed 
with 200 grains of pnre potash, and the whole fused together in a silver crucible, at a 
red heat, until perfect liquefaction ensues, when the crucible and its contents may be 
withdrawn from the fire, and, as soon as cool enough, boiled in half a pint of pure 
water, so as thoroughly to dissolve the fused mass from the crucible. An excess of 
nitric acid being poured into the solution, the mixtnrc is then evaporated to dryness, 
by which means the silicic acid is rendered insoluble ; consequently, on the applica- 
tion of water, this remains, and may be dried and weighed, whilst the lime, alumina, 
and lead of (he glass may be separated from the soluble portion by the addition, first, 
of sulphuretted hydrogen, which separates the lead, then of ammonia, which throws 
down the alumina, and, next, by pouring in carhonute of ammouiu, which precipi • 
tates the lime as a carbonate. Thus, therefore, the alkaline matters are found by one 
process, and the silica, earthy, and metallic constituents by another, both of which may- 
be conducted at the same time. It has been recommended to employ carbonate of 
baryta in the analysis of glass ; hut the high temperature required with this sub- 
stance dissipates a portion of the alkaline components, and thus leads to serious errors. 
Even mere fusion in a glass furnace expels soda from glass, and renders it more and 
more infusible ; bat this expulsion is much favoured by the presence of baryta. The 
above method of analysing glass is, therefore to he preferred to the baryta plan, by 
individuals not habitually engaged in manipulative chemistry.—- Ure. 

GLASS for horticultural purposes. — An impression taken np loosely in the first in- 
stance from some experiments on the action of the chemical rays of light, when 
made to permeate coloured glass, has led the public frequently to conceive that 
glasses which admitted freely the chemical rays were the most adapted to accelerate 
the growth of plants. No more mistaken view was ever entertained. At different 
periods in the life of a plant different influences are necessary ; at one time the 
chemical force is required, at another the luminous power, and at another the calorific 
agent The solar rays, as we receive them direct ifom the sun, have those forces 
exactly adjusted to produce the best possible conditions; but under some of the artificial 
conditions in which we place plants, it is important to know the conditions of the solar 
rays best suited to produce a given effect This we mu3t briefly attempt to explain : — 

1. Seeds germinating absorb oxygen, and convert their starch into sugar; this is a 
purclychemical jfrocess, and demands the full power of the chemical iaye (actinium). 

2. Wood forming, from the decomposition of carbonic acid, is a function of the 
vital power of the plant, excited by light (luminous force). 

3. Flowering and fruiting manifest compound actions, and appear to demand the 
combined power of heat (calorific power) and of the chemical rays. 

Such are the three chief conditions in the phenomena of vegetable growth. Now 
a, a glass staineef blue with cobalt admits the permeation of the chemical rays with 
great freedom, obstructing both light and heat ; A, a glass stained yellow with silver, 
will powerfully obstruct the chemical rays, and allow the luminous rays to pass freely ; , 
c, deep copper or gold red glares admit the maximum heat rays to pass freely, and 
in general allow of the permeation of a small quantity of the chemical rays^ 

VOL. II. I I 



4S2 


GLASS CUTTING AND GRINDING. 


When seed in placed in the soil to germinate, a blue glass placed above the soil will 
greatly accelerate the process, the first leaves will appear above the soil, in many in- 
stances, days before they are seen when the seed is under the ordinary conditions in 
the soil ; but if a plant is allowed to grow under these circumstances, scarcely any 
wood is produced, but loDg succulent stalks are formed, with imperfect leaves. 

After gennination has taken place, if the plant is brought under the influence of 
the rays permeating yellow gloss {light separated to a considerable extent from the 
chemical power), wood is formed abundantly, and very healthy plants with dark 
. leaves are produced. For the production of perfect flowers and fruit, the red glass 
named is the most effective. Plants growing in conservatories which have been 
glased with the colourless German sheet glass, frequently suffer from scorchiug. To 
avoid this if possible, the editor of this volume was consulted on the glass which 
should be employed in glazing the great palm house at Kew, the problem being to 
avoid the necessity of blinds, and to secure the plants from the injurious action of the 
scorching rays. By a long series of experiments it was determined that glass 
stained green with a little of the oxide of copper, and from which there waB an entire 
absence of the oxide of manganese, entirely etlcctcd this end. The great palm house 
in the Royal Botanic Gardens at Kew was glazed with glass made on this principle, 
by the Messrs. Chance Brothers and Co. of Birmingham, and it lias now been tested 
by the sunshine of eighteen summers (18GG) ; and the plants, as every one may ob- 
serve, grow most luxuriantly, and are entirely free from any indications of scorching 
on their leaves. 

GLASS CUTTING AND GRINDING, for common and optical purposes. By 
this mechanical process the surface of glass may be modified into almost any orna- 
mental or useful form. 

1. The grinding of crystal ware. This kind of glass is best adapted to receive 
polished facets, both on account of its relative softness, and its higher refractive power, 
which gives lustre to its surface. The cutting shop should lie a spacious long upart- 
nient, furnished with numerous skylights, having the grinding and polishing luthe* 
arranged right under them, which are set in motion by a steam-engine or water-wheel 
at one end of the building. A shaft is fixed us 
usual in gallowses along the ceiling; and from 
the pulleys of the shaft, hands descend to turn the 
different lathes, by passing round the driving 
pulleys neur their ends. 

' The turning lathe is of the simplest construc- 
tion. Fig. 90G, D, is an iron spindle with two well- 
turned prolongations, running in the iron puppets 
a a , between two concave boshes of tin or type 
metal, which may he pressed more or less to- 
gether by the thumb-screws shown in the figure. 

These two puppets are made fast to the wooden 
support n, which is attached by a strong screw and 
holt to the longitudinal beam of the workshop a. 
e is the fast and loose pulley for putting the lathe 
into and out of gecr with the driving shaft. The projecting end of the spindle is 
furnished with a hollow head-piece, into which the rod c is pushed tight. This rod 
carries the cutting or grinding disc plate. For heavy work, this rod is fixed into 
the head by a screw. When a conical fit is preferred, the cone is covered with lead to 
increase the friction. 

Upon projecting rods or spindles of that kind the different discs for cutting the glass 
are made fast. Some of these are made of fine sandstone or polishing slate, from 8 to 
10 inches in diameter, and from jf to 4 inch thick. They must he carefully turned and 
polished at the lathe, not only upon their rounded hut upon their fiat face, in order to 
grind and polish in their turn the flat and carved sarfaces of glass vessels. Other discs 
of the some diameter, but only of an inch thick, are made of cast tin truly turned, 
and serve for polishing the vessels previously ground ; a third set co nsis ts of sheet 
iron from £ to $ an inch thick, and IS inches in diameter, and are destined to cut 
grooves in glass hy the aid of sand and water. Small discs of well-hammered copper 
from £ to 3 inches in diameter, whose circumference is sometimes fiat, and sometimes 
concave or convex, serve to make all sorts of delineations upon»glass by means of 
emery and oil Lastly, there are rods of copper or brass furnished with small hemi- 
spheres from fa to ^ of an inch in diameter, to excavate round hollows in glass. 
Wooden discs are also employed for polishing, made of white wood cat across the 
v grain, as also of cork. 

The cutting of deep indentations, and of grooves, is usually performed by the iron 
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disc, with sand and water, which are allowed constantly (o trickle down from a wooden 
hopper placed right over it, and furnished with a wooden stopple or plug at the apex, 
to regulate by its grlater or less looseness the flow of the grinding materials. The 
same effect may be produced by using buckets as shown in fig. 907. 
The sand which is contained in the bucket f, above the luthe, has a 
spigot and faucet inserted near its bottom, and is supplied with a 
stream of water from the stopcock in the vessel c, which, together, 
running down the inclined hoard, are conducted to the periphery of 
the disc as shown in the figure, to whose lowest point the glass 
vessel is applied with pressure by the hand. The sand and water 
are afterwards collected in the tub n. Finer markings which are to 
remain without lustre, are made with the small copper discs, emery, 
and oiL The polishing is effected by the edge of the tin disc, which 
is from time to time moistened with putty (white oxide of tin) and 
'water. The wooden disc is also employed for this purpose with 
putty, colcothar, or washed tripoli. For fine delineations, the glass 
is first traced over with some coloured varnish, to guide the hand of 
the entter. 

4 In grinding and facetting crystal glass, the deep grooves are first 
cut, for example, the cross lines, with the iroif disc and rounded edge, 
by means of sand and water. That disc is one sixth of an inch thick 
and 12 inches in diameter. With another iron disc about half an 
inch thick, and more or less in diameter, according to the curvature 
of the surface, the grooves may be widened. These roughly cut parts must be next 
smoothed down with the sandstone disc and water, and then polished with the wooden 
disc about half an inch thick, to whose edge the workman applies, from time to time, 
a bag of fine linen containing some ground pumice moistened with water. When the 
cork or wooden disc edged with hat felt is used for polishing, putty or colcothar is ap- 
plied to it The above several processes in a large manufactory, ure usually com- 
mitted to several workmen on the principle of the division of labour, so that each may 
become expert in his department 

2. The grinding of optical glasses. — The glasses intended for optical purposes being 
spherically ground, are called lenser ; and are used eitiier as simple magnifiers and 
spectacles, or for telescopes and microscopes. The curvature is always a portion of <i 
sphere, and either convex or concave. This form insures the convergence or diver- 
gence of the rays of light that pass through them, os the polishing does the bright ness 
of the image. 

The grinding of the lenses is performed in brass moulds, either concave or convex, 
formed to the same curvature as that desired in the lenses ; and may be worked either 
by hand or by machinery. A gauge is first cut out of brass or copper plate to suit 
the curvature of the lens, the circular arc being traced by a pair of compasses lu 
this way both a convex and concave circular gauge arc obtained. To these gauges 
the brass moulds are turned. Sometimes, also, lead moulds are used. A tier ihe two 
moulds are made, they are ground face to face with fine emery. 

The piece of gloss is now roughed into a circular form by a pair of pincers, leaving 
it a little larger than the finished lens ought to be, and then smoothed round upon the 
stone disc, or in an old mould with emery and water, and is next made fast to a hold- 
fast. This consists of a round brass plate having a screw in its back ; and is some- 
what smaller in diameter than the lens, and two thirds as thick. This is turned 
concave upon the lathe, and then attached to the piece of glass by drops of pitch ap- 
plied to several points of its surface, taking care, while the pitch is warm, that tiie 
centre of the glass coincides with the centre of the brass plate. This serves not merely 
as a holdfast, by enabling a person to seize its edge with the fingers, but it prevents 
the glass from bending by the necessary pressure in grinding. 

The glass most now be ground with coarse emery upon its appropriate mould, 
whether convex oj concave, the emery being all the time kept moist with water. To 
prevent the heat of the hand from affecting the glass, a rod for holding the brass 
plute is Bcrewcd to its back. For every six tarns of circular motion, it must receive 
two or three mbs across the diameter in different directions, and so on alternately. 
The middle point of the glass must never pass beyond the edge of the mould ; nor 
slioald strong pressure be at any time applied. Whenever the glass hus assumed the 
shape of the mould, and touches it in every point, the coarse emery must be washed 
away, finer be suDStitnted in its place, and the grinding be continued as before, till all 
the scratches disappear, and a uniform dead surface be produced. A commencement % 
of pol ishin g is now to be given with pumice-stone powder. During all this time the 
convex mould s ho uld be occasionally worked in the concave, in order that both may 
preserve their correspondence of shape between them. After the one sfirfaee has 
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been thni finished, the glass must be turned over, and treated in the same way upon 
the other side. »» 

Both surfaces are now to be polished. With this view equal parts of pitch and resin 
must be melted together, and strained through a cloth to separate all impurities. The 
concave mould is next to be heated, and covered with that mixture in a fluid state to 
the thickness uniformly of one quarter of an inch. The cold convex mould is now to 
be pressed down into the yielding pitch, its surface being quite clean and dry, in order 
to give the pitch the exact form of the ground lens ; and both are to be plunged into 
cold water till they be chilled. This pitch impression is now the mould upon which 
the glass is to be polished, according to the methods above described, with finely 
washed colcothar and water, till the surface become perfectly clear and brilliant. To 
prevent the pitch from changing its figure by the friction, cross lines must be cut in it 
about £ an inch asunder, and l-12th of an inch broad and deep. These grooves re- 
move all the snperfluous parts of the polishing powder, and tend, to preserve the 
polishing surface of the pitch clean and unaltered. No additional colcothar after the 
first is required in this part of the process, but only a drop of water from time to 
time. The pitch gets warm as the polishing advances, and renders the friction more . 
laborious from the adhesion between the surfaces. No interruption must now be 
suffered in the work, npr must either water or colcothar be add^d; but should tlic 
pitch become too adhesive, it must bo merely breathed upon, till the polish be com- 
plete. The nearer the lens is brought to a true and fine surface in the first grinding, 
the tetter and more easy docs the polishing become. It should never be submitted to 
this process with uny scratches perceptible in it, even when examined by a magnifier. 

As to small lenses and s]>ectacle eyes, several arc gronnd and polished togelher. 
The pieces of glass are affixed by means of a resinous cement to the mould, close to 
each other, and arc then all treated as if they formed but one large Icub. Plane 
glasses are ground upon a surface of pitch rendered plane by the pressure of a piece 
of plute glass upon it in its softened state. 

]*cnRes are also ground and polished by means of machinery', into the details of which 
the limits of this work will not allow us to enter. See Lenses. 

GLASS PAPER and CLOTII. Paper or cloth being covered with glue, sand, 
varying in its degree of fineness, is dusted over it, and of course adheres. These are 
used for polishing, or removing the rough surfaces of woods or metals. 

GLAUBER'S SALTS (the Sal cathartic us Gluuberi, or Sal mirabile Glauber i ). 
Sulphate of soda was discovered by Glauber in 1058. Its composition is : — 

Soda 19-24 

Sulphuric acid • 24-76 

Water 56-00 

10000 

GLAZES. See Pottery. 

GLAZIER, is the workman who cuts plates or panes of glass with the diamond, 
and fastens them hy means of putty in frames or window casements. See Diamond, 
for an explanation of its glass>cutting property. 

GLAZING. The process of giving a hard polished surface to bodies. Paper is 
glazed hy the nsc of resins, gelatine, &c. See Paper. Pottery is glazed by the use 
of certain fusible materials. See Pottery and Porcelain. Some metals are said 
to he “glazed" when, hy means of polishing wheels, the highest finish is put upon 
their surfaces. 

GLOVE MANUFACTURE. In February, 1822, Mr. James Winter of Stokc- 
under-Hambdon, in the county of Somerset, obtained a patent for an improvement 
upon a former patent machine cif his for sewing and pointing leather gloves- Fig. 908, 
represents a pedestal, upon which the instrument called the jaws is to be placed. 
Fig. 909 shows the jaws, which instead of opening and closing by a circular move- 
ment upon a joint, as described in the former specification, are now made to open 
and shut hy a parallel horizontal movement, effected hy a slide and screw ; a a is 
the fixed jaw, made of one piece, on the under side of which is a tenon, to ho inserted 
into the top of the pedestal. By means of this tenon the jaws may he readily 
removed, and another similar pair of jaws placed in tbeii; stead, which affords the 
advantage of expediting the operation hy enabling one person tp prepare the work 
whilst another is sewing ; b b is the movable jaw, made of one piece. The two jaws 
being placed together in the manner shown at fig. 910, the movable jaw traverses back- 
wards and forwards upon two guide-bars, c, which are made to pass through holes 
< exactly fitted to (hem, in the lower parts of the jaws. At the upper parts of the jaws 
are what are called the indexes, d d, which are pressed tightly together hy a spring 
shown at Jig. 911, and intended to be introduced between the perpendicular ribs of 
the Jaws at e. At / is a thumb-screw, passing through the rite for the purpose of 
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tightening the jaws* and holding the leather fast between the indexes while being 
sewn ; 'this screw, however, will seldom, if ever, be necessary if the spring is suffi- 
ciently strong ; g is an eye or ring fixed to 
fioa the movable jaw, through which the end of 

t gjg a lever, h in fig . 908, pusses; this lever is 

connected by a spring to a treadle at the 
q base of the pedestal, and by the pressure of 

J jy the right foot upon this treadle, the movable 

jy jaw is withdrawn; so that the person eni- 

, l" v ployed in sewing may shift the leather, and 

y p fl — Bn °" nffatlua ° M ^ * place another part of the glove between the 

908 I [$LJ 914 J aw8, The P* 0068 called indexes are con- 

I I/* ° O I nected to the upper part of the jaws, by 

pig J I screws passing through elongated holes which 

* * render them capable of adjustment 

Ql i The patentee states, that in addition to the 

index described in bis former patent, which 
y V. is applicable to what is called round-seam 

y V sewing only, and which permits the leather 

m 912 ex P? n ^ but Ac direction, when the 

= 1 needle is passed through it, namely, upwards, 

= : be now makes two iudexes of different coii- 

i z struction, one of which he calls the receding 

i = index, and the other the longitudinally 

grooved index. Fig. 911 represents an end 

view, and fig. 9 12, a top view of the receding 

/LJ /=z ft 9 1 0 index, which is particularly adapted for what 

/ 'jfjj / — are called “drawn sewing, aud prick-scam 

/ i C /// sewing.’* This index, instead of biting to 

f (/ the top, is so rounded off in the inside from 

the bottom of the cross grooves, as to |«erinit 
the needles, by being passed backwards and 
forwards, to carry the silk thread on each side of the leather without parsing over 
it. Fig. 913 represents an end view of the longitudinally grooved index, partly 
open, to show the section of the grooves more distinctly; and Jig. 914 represents an 
inside view of one side of the same index, in which the longitudinal groove is shown, 
passing from k to /. This index is more particularly adapted to round-seam sow ing, 
and permits the leather to expand in every direction when the needle is passed through 
it, by which the leather is less strained, and the sewing consequently rendered much 
stronger. 

GLOVE SEWING. The following simple and ingenious apparatus invented by 
an Englishman, has been employed extensively in Paris. The instrument is shown 
^ s t . in profile ready for action in 

fig. 915. It resembles an iron 

I W ===== 3f\ 915 vice, having the upper portion 

— fif ’X of each jaw made of brass, and 

A / J'iI yt tipped with a kind of comb of 

\ / # 111 \\ the Bame metal. The teeth of 

\ / rtf * v\ this comb, only onc-twclfih of 

910 1 ill \\ an are perfectly **«- 

1 F r n\ • gular and equal. Change combs 

I J [ I l \ are provided for different styles 

I J 11 of work. The vice ▲ A is made 

Sjj p a 1 fast to the edge of the bench or 

«l 1 7 ™ ~ ( table b, of the proper height, 

• — mu ■ by a thumb screw c, armed with 

|W C a cramp which lays hold of the 

1 if * . 1 yH wood. Of the two jaws coin- 

L fci posing the machine, the one d 

* 1^1 is made fbst to the foot a a, 

• 1 0 1 but the other e is movable 

upon the solid Jbase of the machine, by means of a hinge at the point r. At 1 i is 
shown how the upper brass portion is adjusted to the low er part made of iron ; the 
two being secured to each other by two stout screws. The comb, seen separatelyin 
fig. 917, » made fast to the upper end of each jaw, by the three screws n t n, n. Fi Jr. 
916, is a front view of the jaw mounted with its comb, to illustrate its construction. 


917 
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The lever * corresponds by the stout iron wire l, with a pedal pressed by the 
needle^ woman s foot, whenever she wishes to separate the two jews. in order to insert 
between them the parallel edges of leather to be sewed. . The instant she lifts her 
foot, the two jaws join by the force of the spring a, which pushes the movable jaw 

k, against the stationary one, d. The spring is nude fast to the frame of the vice by 
the screw, h. 

After putting the double edge to be sewed in its pluce, the woman passes her needle 
successively through all the teeth of the comb, nnd is sure of making a regular seam 
in every direction, provided she is careful to make the needle graze along the bottom 
of the notches. As soon as this piece is sewed, she presses down the pedal with her 
toes, whereby the jaws start asunder, allowing her to introduce a new Beam ; and so 
on in quick succession. 

The comb may have any desired shape, straight or curved ; and the teeth may 
be either larger or smaller, according to the kind of work to be done. With 
this view, the combs might be changed as occasion requires; but it is more 
economical to have sets of vices ready mounted with combB of every requisite Bize 
and form. 

It is estimated that the valnc of the gloves manufactured in France is between 

l , 6()0,00()/. and 2,000,01)0/., and is still rapidly increasing. The kid and lamb skin 
used .or glazed gloves are dressed at Paris, Grenoble, Annonay, Romans, and Charle- 
inont. The Paris manufacturers whose gloves are most esteemed employ workmen 
from Vendoine. 

GLUCINA ( Glucinc, Fr.; lierylterde , Germ.) is one of the primitive earths, ori- 
ginally discovered by Vauquelin in 1707 in the emerald of Limoges; he called it 
glucina from the sweet taste possessed by its salts. Its existence in several other 
minerals lias since been proved : viz., in cymophane or chrysoberyl, phinacite, 
cucIukc, gadolinite, leucophane, &c. Its properties have been comparatively little 
studied, owing to the tedious and expensive processes required for its preparation. 
From the circumstance that this earth may probably be employed in the production 
of gems by artificial methods, it is thought important to describe its peculiarities 
fully. 

GLUCINUM, the metal of Glucina, has been obtained by M. IT. Debray (Ann. 
Clit/m. et Phys. xliv. 5) by tlie following process. Into a wide glass tube are intro- 
duced two vessels, one containing chloride of glucinum, and the other sodium, 
deprived of the greatest part of the adhering naphtha by compression between two 
sheets of blotting paper. The gloss tube is placed in a combustion furnace. It is 
then tr.i versed by a current of hydrogen, passing from the chloride of glucinum to 
the sodium. The sodium is not placed in the tube nntil all the air has been expelled 
by the hydrogen. The tube is then heated just where the sodium is placed, which 
hv this means is deprived of the last particles of naphtha, and fuses. The chloride of 
glucinum is then heated. The vapour of chloride driven forwards hy the hydrogen 
arrives over the fused sodium. It then swells up, and the heat generated by chemical 
action is sufficient to raise the contents of the vessel to redness which often breaks the 
vessel if made of porcelain. The operation is ended when the chloride of glucinum 
sublimes beyond the sodium vessel. When the tube is cool the vessel is withdrawn, and 
in the place of the sodium a large quantity of a blackish substance isfouud, composed 
of common salt and the metal glucinum in brilliant spangles, and sometimes even in 
globules. This moss is quickly detached and fused in a small crucible, with the addi- 
tion of some dried common salt, which acts as a flux, and facilitates the union of the 
globules of metal. 

It is a white metal, whose density is 2T. It may be forged and rolled into sheets 
like gold. Its melting point is inferior to that of silver. It may be melted in the 
outer blow-pipe flame, without exhibiting the phenomenon of ignition presented by 
zinc and iron under the same circumstances. It cannot be set on fire in un atmo- 
sphere of pure oxygen, but in both cases is covered with a film of oxide, which seems 
to protect it from further action. It is not a rt ted on by sulphur, but freadily combines 
with chlorine and iodine by the aid of heat. 

The metal which Wohler obtained, by igniting chloride of glucinnm with potassium 
in a platinum crucible, differs considerably from that just described ; the metal 
thus obtained being a grey powder, very refractory in the furnace, but combines with 
oxygen, chlorine, and sulphur much more energetically thau the metal described 
by Dcbray. The differences arise probably partly from the different state of 
aggregation, and partly from the contamination of Wohler’s metal with platinum and 
potassium. 

Berzelius effected the solution of the beryl by fusing the finely-powdered 
beryl with three times its weight of carbonate of potash in a platinum crucible, and 
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then treating the fused mass with hydrochloric acid t hut the swelling up of the mixture 
of carbonate of potash and beryl at the moment of fkision, prevents large quantities 
being made at a time. To obviate this, Debray uses lime. The following is the pro- 
cess given by him. 

The pulverised emerald is mixed with half its weight of qaick-lime in powder ; the 
mixture is then ftised in an earthen crucible placed m a wind-furnace ; the tempera- 
ture at which the fusion takes place is much lower than that required for the assay of 
iron. The glass thus obtained is powdered and moistened with water acidulated wish 
nitric acid, so as to obtain a thick paste, to which is added concentrated nitric acid, 
taking care to stir the mass, which is converted, in the cold, but better by heat, into 
an homogeneous jelly ; this is evaporated to drive off the excess of acid, then heated 
so as to decompose the nitrates of alumina, glucina, and iron. It is advisable to raise 
the temperature at the end of the operation so as to decompose a small portion of the 
nitrate of lime. aThc result of this calcination is composed of insoluble silica, alumina, 
glucina, and sesquioxide of iron, insoluble in water, finally nitrate of lime, and a little 
free lime. It is boiled with water containing some chloride of ammonium. 

The nitrate of lime is rapidly removed by the water, and the lime decomposing the 
chloride of ammonium is also at length dissolved, with liberation of ammonia. This 
disengagement of dtnmonia ceases as soon as all the lime is djpsolved. and as it is the 
surest guarantee of the non- solution of the alumina and glucina, the calcination of the 
nitrates should he repeated, unless ammonia is liberated under the circumstances just 
mentioned. The residue of silica, alumina, glucina, and iron is well washed until 
all the lime is removed, which is known by oxalate of ammonia causing no cloudi- 
ness in the washings. The separation of the silica and the earths is easily effected, 
mere boiling with nitric acid dissolving the alumina, glucina, and iron, and leaving the 
silica undissolvcd. The solution of the nitrates of alumina, glucina and iron, is then 
poured into a solution of carbonate of ammonia, to which a little ammonia has been 
added. The precipitation of the earths takes place without liberation of carbouic acid, 
and the glucina at length redissolves in the carbonate of ammonia. The solution of 
the glucina may be considered complete after seven or eight days' digestion. As the 
carbonate of ammonia may dissolve a little iron, it is better to add to the solution a 
a few drops of sulphide of ammonium, which precipitates it completely. The solution 
is then filtered and boiled to drive off the carbonate of ammonia, when the glucina is 
precipitated in the state of carbonate. 

The carbonate of glucina is a dense white powder, easily washed ; it is collected on 
a filter and dried. 

From the carbonate any of the other compounds of glucina may be easily prepared ; 
simple calcination converts it into glucina. A process for the separation of alumina 
and glucina has been proposed by M. Berthier ; it consists in suspending the well 
washed earths in water, and passiug a current of sulphurous acid through them. Their 
solution is complete. The liquid is then boiled to expel the excess of sulphurous arid, 
when a dense sub-sulphite of alumina is precipitated, leaving the glucina in solution. 
Debray found that sometimes in this process the glucina was entirely precipitated with 
the alumina. 

Glucina thus obtained possesses the following properties. 

It is a light white powder, without smell or taste. Infusible, but volatilises just as 
zinc and magnesia. Heat does not harden glucina as it does alumina, but renders it 
nevertheless insoluble in acids. Boiling concentrated sulphuric acid dissolves it 
easily, but the action of nitric acid is very feeble when the glucina has been strongly 
healed. Caustic potash dissolves it readily; and glucina is even capable of expelling 
the carbonic acid from carhouatc of potash ; it is a Jain precipitated lroin its solution 
in potash by boiling when diluted to a certain extent. 

Khclmcii 1ms obtained it in hexagonal prisms by submitting a solution of glucina, in 
fused -.boracic acid, to a powerful and long-continued Leaf. It may likewise be obtained 
in microscopic crystals by a more easy process, which consists in decomposing the 
sulphate of glutfina at a high temperature, in the presence of sulphate of potash ; also 
by calcining the double carbonate of glucina and ammonia. The crystals arc separated 
from the sulphate of potush by washing. 

The hydrate of gluc'yia is obtained by precipitating a salt of that base by ammonia. 
The presence of c anmioniucal salts does not hinder the precipitation. When recent jy 
prepared it greatly resembles the hydrate of alumina ; only it absorbs, by drying in 
the air, a notable quantity of carbonic acid. 

The hydrate of glncina easily loses its water by heat, and becomes then insoluble 
in carimnate of ammonia, the hydrate when pure being very soluble in it ; but jfs 
solution is hindered by the presence of alumina, in which case, it is only complete after 
several hours’ digestion. It is also soluble in sulphurous acid and bisulphitc^of ammonia. 

Glucina precipitated from some of its solutions by ammonia, is rcdissulved by pro- 
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longed ebullition, bat this is observed more especially when precipitated from the oxa- 
late or acetate of glacina. r 

Chloride of glucinum, is prepared by the same process as the chloride of aluminium, 
merely substituting glucina for alumina, and at first sight very, much resembles it ; it 
is, however, much less volatile than chloride of aluminium, being about as volatile as 
chloride of sine. It differs also from chloride of aluminium inasmuch as it is not 
capable of forming definite compounds with some protochlorides ; chloride of alumi- 
nium uniting with certaiu protochlorides forming a series of compounds, fhsible at a 
low temperature, volatile at a red heat without decomposition ; and the composition of 
which is represented by the formula A1*C1* + MCL The crystals of chloride of alu- 
minium may be called chlorinated spinelles, and are easily obtained, it being only 
necessary, in order to fbrm the sodium compound of the group, to mix the chloride of 
aluminium with half its weight of common salt, and distil, one distillation producing it 
pure, the formula of it being A1 8 C1* + NaCL Chloride of glueinum ns very soluble in 
water ; it mav, however, be obtained in crystals, by allowing its solution to evaporate 
over sulphuric acid under a bell jar. The presence of a little free hydrochloric acid 
favours the crystallisation. Thus obtained, this salt is a hydrate, and according to 
Awdejcw its formula is G1C1 + 4110. The hydrated chloride of glucinum is decom- 
posed by heat into hydrochloric acid and glucina. v 

Iodide of glucinum* — This compound presents all the characters of the chloride, only 
being a little less volatile. The affinity of iodine for glucinum, is not very strong, 
oxygen decomposing the iodide at the heat of a spirit lamp, liberating iodine and form- 
ing glucina. 

Glucinum is also capable of combining with fluorine ; the double fluoride of 
glucinum and potassium being formed by pouring a solution of fluoride of potassium 
into a salt of glucina. It is but little soluble in the cold, and is deposited in the form 
of brilliant scales. 

Sulphate of glucina. — This salt is white, has an acid and slightly sweet taste. It 
is unalterable in the air at ordinary temperatures but effloresces in dry and warm air. 
Dy heat, it first fuses, in its water of crystallisation, then at a red heat is decomposed 
into sulphurous acid, oxygen, and glacina. 

Water at 57 '2° F, (14° C.) dissolves about its own weight of this salt ; its solubility 
is increased by heat, and boiling water dissolves an indefinite quantity. The presence 
of free sulphuric acid or alcohol lessens its solubility. 

It loses a portion of its acid in many cases with facility ; for instance, we obtain 
an uucrystaUiBable tribasic sulphate of glucina, by dissolving carbonate of glucina in a 
concentrated solution of the sulphate ; carbonate of glucina is added until carbonic acid 
ceases to be liberated at each addition ; the liquid filtered and evu]>oratcd gives a gummy 
residue. The very dilute solution of this salt lets fall some glucina, and is chaugcd 
into a hihasic sulphate, also nncrystallisuble. 

Sulphate of glucina dissolves zinc with disengagement of hydrogen, forming a 
bibasic sulphate of glucina and sulphate of zinc. Sulphate of alumina, under the same 
circumstances, dissolves zinc with liberation of hydrogen, and forms a sulphate of zinc 
anil an insoluble subsulphate of alumina. Taking advantage of this difference, Debray 
proposed a method (Ahh. Chym . cl Pkys. xliv. 26), for the separation of alumina and 
glucina, but which does not answer for analytical purposes, as chemically pure zinc 
is only acted on with great difficulty by these sulphates. Sulphate of glucina is formed 
l>y dissolving the carbonate in dilute sulphuric acid, the evaporated liquid depositing 
it on cooliug. It is essential to keep the liquid distinctly acid; it assists the crystal- 
lisation, and besides, if we were to dissolve the carbonate in it until the liberation of 
carbonic acid ceased, we should obtain a basic uucrystallisable Balt. According to 
Awdcjew the formula of this salt is 

G10,S0 3 + 4H0. 

Double sulphate of glucina anti potash. — This salt was discovered by Awdcjew ; he 
obtained it while endeavouring to prodace the doable sulphate of glucina and potash 
corresponding to common alum (which, bad he succeeded, would liave been one of 
the best proofs of the analogy existing between alumina and glacina). 

It is obtained in crystalline crusts, by evaporating a solution containing 15 parts of 
sulphate of glucina to 14 parts of sulphate of potash. The concentration is stopped 
as soon as the liquid becomes turbid ; at the end of a few hours this salt is deposited, 
which is purified by recrystallisation. It is precipitated as a crystalline powder hy 
the addition of sulphuric acid to the concentrated solution. It is but? little soluble in 
the cold, much more so, though slowly, in hot water. Ky the action of heat it first 
fuses in its water of crystallisation, then is decomposed entirely into glucina and sul- 
phate of potash, if the heat is strong and long enough applied. Its composition is re- 
presented by the formula 

G10,S0» + K0,S0 a -f 2110. 
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Carbonate ofgbtcina. — Glucina is soluble in carbonate of ammonia. When the solu- 
tion is boiled, carbonate of ammonia is driven off, and a precipitate of carbonate of 
glacina is formed, the composition of which seems to be 

3G10,C0* + 5H0; 

but if we arrest the boiling as soon as the solution becomes tnrbid, we obtain a solution 
of a double carbonate of glucina and ammonia, from which, by the addition of alcohol, 
this salt is deposited in clear crystals. Double carbonate of glucina and ammonia is 
white, very soluble in cold water, but is easily decomposed try hot water, liberating 
carbonate of ammonia and depositing carbonate of glucina. It is much less soluble in 
dilute alcohol, and nearly insoluble in absolute alcohoL It is easily decomposed by 
hear, leaving as a residue pure glucina. 

It is also decomposed by exposure to the air after some time. According to Debray 
the formula of this salt is 

“ 4G10,3C0 5 H0 + 3(NII<0,C0 9 ) 

There also exists a double carbonate of potash and glucina corresponding to this salt, 
and is prepared by the same process, merely substituting carbonate of potash for car- 
bonate of ammonia ; the carbonate of potash, however, takes longer to dissolve the 
glucina than carbonate of ammonia. 

Oxalic acid dissolves glucina but does not yield any crygtalflsablc compounds, except 
in combination with other oxalates, os the oxalate of potash or ammonia. 

These double salts crystallise well and have the following simple composition: — 
G10,C*0* + K0,C*0 # ; 

GIO.CK) 3 + NH 4 0,C*0 3 . 

These salts are obtained by dissolving carbonate of glucina in binoxalate of ammonia 
or potash in the cold, until carbonic acid ceases to be given off. They decrepitate by 
the application of beat. The composition of glucina is still undecided; Berzelius re- 
garding it as a sesquioxide, and Awdejew and others as a protoxide. The latter view 
gives greater simplicity in the formula of its compounds, but glucina has no decided 
analogy to the ordinary class of protoxides, lime and magnesia, &c. — H. K. B. 

GLUCOSE. The name given to grape and starch sugar by M. Duma;. See 
Sl'oak. 

GLUE {Code forte, Fr.; Lean, Tinchlerlcim , Germ.) is the chemical substance gela- 
tine in a dry state. The preparation and preservation of the skin aud other animal 
matters employed in the manufacture of glue, constitute a peculiar branch of industry. 
Those who exercise it should study to prevent the fermentation of the substances, and 
to diminish the cost of carriage by depriving theiuof ns much water as can conveniently 
be done. They may then be put in preparation by macerating them in milk of lira. , 
renewed three or four times in the course of a fortnight or three weeks. This process 
is performed in large tanks of masonry. They are next taken out with all the adhering 
lime, and laid in a layer, 2 or 3 inches thick, to drain and dry, upon a sloping pave- 
ment, where they arc turned over by prongs two or three limes a day. The action 
of the lime dissolves the blood and certain soft parts attacks the epidermis, and dis- 
poses the gelatinous matter to dissolve more readily. When the cleansed matters are 
dried, they may be packed in sacks or hogsheads, and transported to the glue manu- 
factory at any distance. The principal substances of which glue is made ore the 
parings of ox and other thick hides, which form the strongest article, the refuse of 
the leather dresser ; both afford from 45 to 55 per cent of glue. The tendons, and 
many other offals of slaughter-houses, also afford materials, thongh of an inferior 
quality, for the purpose. The refuse of tanneries, such os tlie cars of oxen, calves, 
sheep, &c., are better articles ; but parings of parchment, old gloves, and, in fact, 
animal skin in every form, uncombined with tannin, may be made into glue. 

The manufacturer who receives these materials is generally careful to ensure their 
purification by subjecting them to a weak lime °teep, and rinsing them by exposure 
m baskets to a stream of water. They are lastly drained upon a sloping surface and 
well turned over till the quicklime gets mild by absorption of carbonic acid ; for, in 
its caustic state, it would damage the glue at the heat of boiling water. It is not 
necessary, however, to dry them before they are put into the boiler, because they dis- 
solve faster in their soft and tumefied state. 

The boiler iwnado of copper, rather shallow in proportion to its area, with a uniform 
flat bottom, eanably exposed all over to the flame of the fire. Above the true bottom 
there is a falJe one of copper or iron, pierced with holes, and standing upon feet 3 or 
4 inches high ; which serves to sustain tlie animal matters, and prevent them from 
being injured by the fire. The copper being filled to two-thirds of its height 'vyth 
soft water, is then heaped up with tlie bulkjr animal substances, so high as to surmount 
its brim. Bat soon after the ebullition begins they sink down, and, in. a few hours, 
get entirely immersed in the liquid. They should be stirred about from time to time, 
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and well pressed down towards the false bottom, while a steady bnt gentle boil is 
maintained. a « 

The solution mast be drawn off in successive portions ; a method which fractions 
the products, or subdivides them into articles of various value, gradually decreasing 
from the first portion drawn off to the last. It has been ascertained by careful expe- 
riments that gelatine gets altered over the fire very soon after it is dissolved, if the 
heat of 212° is maintained, and it ought therefore to be drawn off whenever it is suffi- 
ciently fluid and strong for. forming a clear gelatinous mass on cooling, capable of 
being cut into moderately firm slices by the wire. The point is commonly determined 
by filling half an egg- shell with the liquor, and exposing it to the air to cool. The 
jelly ought to get very consistent in the course of a few minutes ; if not so, the boiling 
must be persisted in a little longer. When this term is attained, the fire is Bmothered 
up, and the contents of the boiler are left to settle for a quarter of on hour. The Btop- 
cock being partially turned, all the thin gelatinous liquor is run off into a deep boiler, 
immersed in a warm water bath, so that it may continue hot and fluid for several 
hours. At the end of this time the supernatant clear liquid is to be drawn off into 
congealing boxes, as will be presently explained. 

The residue, or undissolved matter in the boiler, is to be again supplied with a 
quantity of boiling water from an adjoining copper, and are to be once more subjected 
to the action of the fire, fill the contents assume the appearance of dissolved jelly, and 
afford a fresh quantity of strong glue liquor, by the stop-cock. The “ grounds ” 
should be subjected a third time to this operation, after which they may be put into 
a bug, and squeezed in a press to leave nothing unextracted. The latter solutions are 
usually too weak to form glue directly, but they may be strengthened by boiling with 
a portion of fresh skin-parings. 

Fig. 918 represents a convenient apparatus for the boiling of skins into glue, in 



* Inch there arc three coppers upon three different levels ; the uppermost being acted 
ni>on by the waste heat of the chimney, provides warm water in the most economical 
way; the second coni ai ns the cm<|p materials, with water for dissolving them; and the 
third receives the solution to be settled. The last vessel is double, with water con- 
tained between the outer and inner one ; and discharges its contents by a stop-cock 
into buckets for filling the gelatinising wooden boxes. The last mode solution has 
about one-fivc-hundrcdth part of alum in powder usually added to it, with proper agita- 
tion, after which it is left to settle for several honrs. 

The three successive boils furnish three dii/t rent qualities of glue. * 

Flanders or Dutch glue, long much esteemed on the Continent, was made in the 
manner above described, but at two boils, from animal offals well washed and soaked, 
so as to need less boiling. The liquor being drawn off thinner, was therefore less 
coloured, and being made into thinner plates was very transparent • The above two 
boils gave two qualities of glue. 

By the English practice, the whole of the animal matter is brought into solution at 
once, and the liquor being drawn off, hot water is poured on the residuum, and made 
twltoil on it for sonic time, when the liquor thus obtained is merely used iusteud of 
water upon a fresh quantity of glue materials. The first drawn off liquor is kept hot 
in a settling copper for five hours, and then the clear solution is drawn off into the 
boxes. 
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Theso boxes arc made of deal, of a square form, bat a little narrower at bottom than 
at top. When veryaregular cakes of glne are wished for, cross grooves of the desired 
square form are cat in the bottom of the box. The liquid glue is poured into the 
boxes placed very level, through funnels furnished with filter cloths, till it stands at 
the brim of each. The apartment in which this is done ought to be as cool and dry 
os possible, to favour the solidification of the glue, and should be floored with stone 
flags kept very clean, so that if any glue run through the seams, it may be recovered. 
At the end of 12 or 18 hours, or usually in the morning if the boxes have been filled 
over-night, the glue is sufficiently firm for the nets, and they are at this time removed 
to an upper story, mounted with ventilating windows to admit the air from all quar- 
ters. Here the boxes are inverted upon a moistened table, so that the gelatinous 
cake thus turned out will not adhere to its surface ; usually the moist bludc of a long 
knife is insinuated round the sides of the boxes beforehand, to loosen the glue. The 
muss is first divided into horizontal layers by a brass wire stretched in a frame, like 
that of a bow-saw, and guided hy rulers which are placed at distances corresponding 
to the desired thickness of the cake of glue. The lines formed by the grooves in tho 
bottom of the box define the superficial area of each cake, where it is to be cut with 
a moist knife. The gelatinous layers thus formed, must be dextrously lifted, and 
immediately laid ‘upon nets stretched in wooden frames, till each frame be filled. 
These frames are set over each other at distances of about three inches, being supported 
by small wooden pegs, stack into mortise holes in an upright, fixed ronnd the room ; so 
that the air may have perfectly free access on every side. The cakes must more- 
over be turned upside down upon the nets twice or thrice every day, which is readily 
managed, as each frame may be slid out like a drawer, upon the pegs at its two 
sides. 

The drying. of the glue is the most precarious part of the manufacture. The least 
disturbance of the weather may injure the glue during the two or three first days of 
its exposure ; should the temperature of the air rise considerably, the gelatine may 
turn so soft as to become unshapely, and even to run through the meshes upon the 
pieces below, or it may get attached to the strings and surround them, so as not to 
he separable without plunging the net iuto boiling water. If frost supervene, the 
water may freeze and form numerous cracks in the cakes. Such pieces must be im- 
mediately re-melted and re-formed. A slight fog even produces upon glue newly 
exposed a serious deterioration ; the damp condensed upon its surfuce occasioning a 
general mouldiness. A thunderstorm sometimes destroys the coagulating power in 
the whole lamimc at once; or causes the glue to turn on the nets, in the I-' n gunge 
of the manufacturer. A wind too dry or too hot may cause it to dry so quickly, as t 
prevent it from contracting to its proper size without numerous cracks and Insures. 
In this predicament, the closing of all the flaps of the windows is the only means of 
abating the mischief. On these accounts it is of importance to select the most tem- 
perate season of the year, such as spring and autumn, for the glue manufacture. 

After the glue is dried upon the nets it may still preserve too much flexibility, or 
softness ut least, to be saleable ; in which case it must he dried in a stove by arti- 
ficial bent. This aid is peculiarly requisite in a humid climate, like that of Great 
Britain. 

When sufficiently dry it next receives a gloss, by being dipped, cake by cake, in hot 
water, and then rubbed witli a brush, also moistened in hot water ; after which the 
glue is arranged upon a hurdle, and transferred to the stove room, if the weather be 
not sufficiently hot. One day of proper drought will make it ready for being packed 
up in casks. 

The pale coloured, hard, and solid article, posseting a brilliant fracture, which is 
made from the parings of ox-hides by the first process, is the best and most cohesive, 
and is most suitable for joiners, cabinet-makers, painters, &c. But niuny workmen 
are ihfluenced by such ignorant prejudices, that they still prefer a dark-coloured 
article, with somewhat of n fetid odour, indicative of its impurity aud bad preparation, 
tbo result of bad materials aud too long exposure to the boiling heat. 

There is a good deal of glue made in France from bones freed from the phosphate 
of lime by muriatic acid. This is a poor article, possessing little cohesive force. It 
dissolves almost entirety in cold water, which is the best criterion of its imperfection. 
Glue should merely soften iu cold water, and the more considerably it swells, the 
better, generally speaking, it is. 

Some raanniheturers prefer a brass to a copper pan for boiling glue, and insist much 
on skimming it as it boils; but the apparatus represented renders skimming of little 
consequence. For use, glue should be broken info small pieces, put along with some 
water into a vessel, allowed to soak for some hours, and subjected to the heat of a 
boiling-water bath, but not boiled itself. The surrounding hot water k*cps it long 
in a fit state for joiners, cabinet-makers, &c. 
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Water containing only one-hundredth part of good glue, forms a tremulous solid. 
When the solution, however, is heated and cooled several times it loses the property 
of gelatinising, even though it be enclosed in a vessel hermetically sealed, isinglass 
or fish glue undergoes the same change. Common glue is not soluble in alcohol, but 
is precipitated in a white, coherent, elastic mass, when its watery solution is treated 
with that fluid. By transmitting chlorine gas through a warm solution of glue, a 
combination is very readily effected, and a viscid mass is obtained like that thrown 
down by alcohol. A little chlorine suffices to precipitate the whole of the glue. 
Concentrated sulphuric acid makes pine undergo remarkable changes ; during which 
are produced sugar of gelatine, leucine, an animal matter, &c. Nitric acid, with the 
aid of heat, converts glue into malic acid, oxalic acid, a fat analogous to suet, and into 
tannin ; so that, in this way, one piece of skin may be made to tan another. When 
the mixture of plue and nitric acid is much evaporated, a detonation at last takes place. 
Strong acetic acid renders glue first soft and transparent, and then dissolves it. Though 
the solution does not gelatinise, it preserves the property of glueing surfaces together 
when it dries. Liquid glue dissolves a considerable quantity of lime, and also of the 
phosphate of lime receutly precipitated. Accordingly glue is sometimes contaminated 
with that salt Tannin both natural and artificial combines with glue; and with such 
effect, that one part of due dissolved in 5()00 parts of water affords a sensible preci- 
pitate with the infusion of nutgalls. Tannin unites with glue in several proportions, 
which are to each other as the numbers 1, lj, and 2; one compound consists of 100 
glue and 89 tannin ; another of 100 glue and 60 tannin ; and a third of 100 glue and 
120 tannin. These two substances cannot be afterwards separated from each other 
by any known chemical process. 

Glue may be freed from the foreign animal matters generally present in it, by soft- 
ening it in cold water, washing it with the same several times till it no longer gives 
out any colour, then bruising it with the hand, and suspending it in a linen bag beneath 
the surface of a large quantity of water at 60° F. In this case, the water loaded with 
the soluble impurities of the glue gradually sinks to the bottom of the vessel, while 
the pure glue remains in the bag surrounded with water. If this softened glue be 
heated to 92° without adding water, it will liquefy; and if wc heat it to 122°, and 
filter it, some albuminous and other impurities will remain on the filter, while a colour- 
less solution of glue will pass through. 

Experiments have not yet explained how gelatine is formed from skin by ebullition. 
It is a change somewhat analogous to that of starch into gum and sugar, and takes 
place without any appreciable disengagement of gas, and even in close vessels. Gela- 
tine, says Berzelius, does not exist in the living body, but several animal tissues, such 
as skin, cartilages, hartshorn, tendons, the serous membranes, and bones, are suscep- 
tible of being converted into it See Gelatine. 

GLUTEN ( Colic Vvyctalc and Gluten , Fr.; Klebcr , Germ.) was first extracted by 
Bcccaria from wheat flour, and was long regarded as a proximate principle of plants, 
till Einhoff, Taddei, and Berzelius succeeded in showing that it may be resolved by 
rneaus of alcohol into three different substances, one of which resembles closely animal 
ulbumine, and has been called Zymome , or vegetable albumine ; another has been 
called Gliadine ; and a third Mucinc. 

Gluten, when dried in the air or a stove, diminishes greatly in size, becomes hard, 
brittle, glistening, and of a deep yellow colour. It is insoluble in ether, iu fat and 
essential oils, and nearly so in water. Alcohol and acetic acid cause gluten to swell 
and make a sort of milky solution. Dilute acids and alkaline lyes dissolve gluten. 
Its ultimate constituents are not determined, but azote is one of them, and accordingly 
wlien moist gluten is left to ferment, it exhales the smell of old cheese. 

'Some years since, M. E. M. Martin, of Vervins, proposed to extract the starch 
without injuring the gluten, which then becomes available for alimentary purposes. 
His process is a mechanical one (resembling that long practised in laboratories for 
procuring gluten), and consists in washing wheat flour, made into a paste, with water, 
either by the hand or machinery. 

The gluten thus obtained is susceptible of nameroos useful applications for alimen- 
tary purposes. Mixed with wheat flour, in the proportions of 30 parts of flour, 10 of 
fresh gluten, and 7 of water, it has been employed to produce a superior sort of maca- 
roni, vermicelli, and other kinds of Italian pastes ; and MM. Veron Frercs, of Paris, 
have made with it a new sort of paste, which they have termed 'yr emulated gluten 
( gluten granuit). 

GLYCERINE is a sweet substance extracted from fatty substances. It may bo 
prepared in the utmost purity by the following process : — If wc take equal parts of olive 
oil and finely-ground lithaige, put them into a basin with a little water, set this on a 
sand bath moderately heated, and stir the mixture constantly, with the occasional 
addition of hot water to replace what is lost by evaporation, wc shall obtain, in a short 
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time, a soap or plaster of lead. If, after having added more water to this, we remove 
the vessel from the fire, decant the liquor, filter it, pass sulphuretted hydrogen through 
it to separate the lead, then filter afresh, and concentrate the liquor us much as pos- 
sible without burning, upon the sand-bath, we obtain glycerine ; but what remains 
must be finally evaporated within the receiver of the air-pump. Glycerine thus pre- 
pared is a transparent liquid, without colour or smell, and of a syrupy consistence. It 
lias a very sweet taste. Its specific gravity is 1*27 at the temperature of 60°. When 
thrown upon burning coals, it takes fire and burns like an oil. Water combines with 
it in almost all proportions ; alcohol dissolves it readily ; nitric acid converts it into 
oxalic acid ; and, according to Vogel, sulphuric acid transforms it into sugar, in the 
same way as it docs starch. By yeast it becomes acid by the formation of formic and 
mctacetic acids. 

Its constituents are, carbon 40, hydrogen 9, oxygen 51, in 100. 

Glycerine isone of the products of the saponification of fat oils. It is produced in 
large quantities in the soap manufactories in a very impure state, being contaminated 
with aline and empyreumatic matters, and having a very strong disagreeable odour. 
In order to obtain glycerine from this source, the residuary liquors are evaporated and 
treated with alcohol, which dissolves out the glycerine. The alcohol having been 
separated by evaftoration, the glycerine is diluted with watep, and boiled with animal 
charcoal. This process must he repeated several times, or until the result is suili- 
cic.utly free from smell. It is, however, difficult to obtain pure glycerine from this 
source, on account of the nature and condition of the ingredients usually employed in 
making soap, which it is almost impossible to deprive of rancid odour. 

The compounds of glycerine with the fatty acids constitute the various kinds of fats 
and oils, but the base does not appear to have the same composition in all. A certain 
quantity of water appears to separate, and the equivalent of glycerine to he in some 
fats but half what it is in others. Thus the glycerine of the palm oil has the formula 
C.V , I[ l () a , and the glycerine of myristino, or nutmeg butter, C 3 H 2 0, of which bodies 
the common glycerine should l>c the hydrate. 

Glycerine is now obtained in great quantities from palm oil, in the process of puri- 
fication for candles. It is employed with much advantage to preserve soft bodic.l 
animals. It is manufactured into soap, is administered internally, and is supposed to 
possess highly nutritive properties. It bus been employed in cases of deafness, and in 
diseases of the throat. By some it is used to preserve collodion plates in a state of 
sensitiveness for many days. 

Glycerine has many Important uses in the arts. The use of it as a soap, qlycerine 
snap, is now familiar to all. It may be used for preserving articles of food, especiallv 
such as require to be kept moist, ns fruits and the like, in tin eases. Meat is said 
to keep well in glycerine, and preserve its flavour. It is recommended to modellers 
for keeping their clay ihoist. In the Technologist, January 1358, a process of 
madder dyeing with the aid of glycerine is described. It has been much used in 
printing processes, especially for printing receipt and postage stamps. Vasscurs and 
lloubigant patented an application of glycerine. They dilute it with four or five 
times its weight of water ; with this, paper is moistened, and it retains its moist 
condition for any length of time. It may be introduced into the paper pulp, or it 
may he mixed with the ink. In either case copies can be readily taken by pressure. 
Glycerine never freezes, it is therefore recommended as a lubricant for delicate 
machinery, and it has been used for floating ships’ compasses, os it will not solidify 
in cold climates, or evaporate in bo* ones. 

Amongst other purposes to which glycerine has been applied, it has been substi- 
tuted for lard, as a basis for ointments, by forming “ plasma ” of glycerine and starch. 
Fifty grains of the Tout-len-moU starch are to be rubbed with one ounce of glycerine, 
and the mixture heated to 240° for a few minutes, or till it becomes translucent See 
Watts' “ Dictionary of Chemistry.” 

GLYCERINE, NITRO. In 1847 a pupil of M. Pelouze's, M. Sobrero, discovered 
that glycerin# when treated with nitric acid, was converted into a highly explosive 
substance, which he called nitro-glycerinc. It is oily, heavier than water, soluble in 
alcohol and ether, and acts so powerfully on the nervous system that a single drop 
placed on the top o( the tongue will oau*e a violent headache which will last for 
several hours. • This liquid seems to have been almost forgotten by chemists, and it 
is only recently that M. Nobel, a Swedish engineer, has succeeded m applying it to a 
very importsAt branch of his art — namely, blasting. From a paper addressed by him 
to the Academy of Sciences, we learn that the chief advantage which this substance 
—composed of one part of glycerine and three parts of nitric acid — possesses is 
that it requires a much smaller hole or chamber than gunpowder does, the strength 
of the latter being scarcely one-tenth of the former. Hence the miner's work, which, 
according to the hardness of the rock, represents from five to twenty times the price 
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of the gunpowder need, is so short that the cost of blasting is often reduced by 
50 per cent. The process is very easy ; if the chamber of the mine presents fissures, 
it must first be lined with clay to make it watertight ; this done, the nitro-glycerinu 
is poured in aud water after it, which, being the lighter liquid, remains at the top. A 
slow match with a well-charged percussion cap at one end is then introduced into the 
nitro-glyccrinc. The mine may then be sprung by lighting the match, there being 
no need of tamping. On June 7, 1865, three experiments were made with this new 
compound in the open part of the tin mines of Altenburg, in Saxony. In one of 
these, a chamber 34 millimetres in diameter was made perpendicularly in a dolomilic 
rock, 60ft. in length, and at a distance of 14ft. from its extremity, which was nearly 
vertical. At a depth of 8ft. a vault filled with clay was found, in consequence of 
which the bottom of the hole was tamped, leaving a depth of 7ft. One litre and 
a-half of nitro-glycerine was then poured in ; it occupied 5ft. ; a match and stopper 
were then applied, as stated, and the mine sprung. The effect was. so enormous as 
to produce a fissure 50ft. in length and another of 20ft. ; the total effect had not 
been ascertained, because it required several small blasts to break the blocks that 
have been partially detached by this. 

In 1865, M. Nol>e l made a series of experiments with this explosive fluid at 
Falmouth, and in some 4 pf the Cornish mines and granite quarries. Its explosive 
powers were proved to be enormous. Its tendency to change, and spontaneous com- 
bustion, from which some roost disastrous accidents have arisen, appear to place it out 
of general use. According to Dr. de Vry, nitro-glycerine is best prepared as follows : 
100 grammes of syrupy glycerine, of specific gravity 1'262, are gradually added to 
200 cc. of nitric :>cid, of specific gravity l - 52, immersed in a freezing mixture, the 
liquid being continually stirred, the temperature being allowed to fail to 10 centi- 
grades before each fresh addition, and never to rise above the freezing point of water. 
A homogeneous mixture having been thus obtained, 200 cc. of strong sulphuric acid 
are added, the mixture being still kept at its low temperature. The oily nitro- 
glycerine. which then floats on the surface, is separated from the acid liquid by a tap 
funuel. The acid liquid will yield 20 grammes more of nitro-glycerine on being 
diluted with water. The nitro-glycerine thus obtained is dissolved in the smallest 
possible quantity of ether ; the solution is repeatedly shaken with water till the water 
no longer reddenB litmus. The ether is then evaporated ; and the remaining nitro- 
glycerine heated over the water bath till its weight remains constant. There are 
other processes ; they vary but little from the above, and the results are not always 
so constant. 

Nitro-glycerine is a light yellow oily liquid of specific gravity 1*525 ; it is inodorous, 
with a sweet pungent uromatic taste; when left to itself, it frequently undergoes 
spontaneous decomposition, but when well purified it may be kept for a long time 
without decomposition. At 1 60° centigrade, nitro-glycerine decomposes with evolu- 
tion of redvajiours, and at higher temperatures it often explodes with shattering violence, 
sometimes, if in an open vessel, taking lire without explosion. Kecently prepared 
nitro-glycerine detonates when struck. Dr. Gladstone has shown that hydrated 
glycerine, added to a mixture of three parts of sulphuric acid, and one part of fuming 
nitric acid, forms a compound which detouates violently under the hammer, but 
anhydrous glycerine treated in the same manner yields a non-cxplosivc body. Some 
kinds of nitro-glycerine ore decomposed by exposure to sunshine, and it is stated on 
the authority of Mr. G. C. Foster, that nitro-glycerine kept for a fortnight, no longer 
exploded when struck, but it showed no signs of decomposition or chemical alteration. 
See Watts’ “ Dictionary of Chemistry.” 

GLYPHOGRAPI1Y. A process introduced some years since to cheapen wood 
engraving. A metal plate was covered with a thick etching-ground, and an etching 
made through to the metal in the usual manner. Several coats of ink were then 
applied by means of a small composition roller. This adheres only to the varnish. 
When the hollows are deep enough, the plate is placed in connection with a voltaic 
battery, and copper is deposited m the usual way (sec Electro- Met^lluruy) ; the 
result being a plate with the drawing in relief. The process is rarely practised. 

GNEISS may be called stratified, or, by those who object to that term, foliated 
granite, being formed of the same materials as granite, namely, felspar, quartz, and 
mica. — Lydl. 

Gneiss might indeed, in its purest and most typical form, be tfermed schistose 
granite, consisting, like granite, of felspar, quartz, and mica ; but having those minerals 
arranged in layers or plates, rather than in a confused aggregation of crystals.- Jukes . 

whatever state of aggregation the particles of gneiss may have been originally 
deposited, we know now that it is a hard, tough, crystalline rock, exhibiting curved 
and twisted lines of stratification, and composed in the main of quartz, felspar, mica, 
and hornblende. Mineralogically speaking, it differs from the granite rocks with 
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which it is associated chiefly in this, that while the crystals of qnartz, felspar, &c„ arc 
distinct and entire in granite, in gneiss they arc broken, water-worn, and confusedly 
aggregated, lienee the general belief is, that gneiss or gneissose rocks are hut the 
particles of granite weathered and worn, carried down by streams and rivers, and 
deposited in the seas of that early period. — Page, 

GOBELIN MANUFACTORY. This establishment, which has been long cele- 
brated for its tapestry, took its name from the brothers Gobelin. Giles Gobelin, a 
dyer at Paris, in the time of Francis I., had found out an improvement in the then 
usual scarlet dye ; and as he had remarked that the water of the rivulet Bievre, in the 
suburbs of St. Marceau, was excellent for bis art, he erected on it a large dye house, 
which, out of ridicule, was called FuUe-GtMins ( Rabelais). About this period a 
Flemish painter, whom some name Peter Koek, and others Eioek, and who hod 
travelled a long time in the East, established, and continued to his death in 1 550, a 
manufactory for dyeing scarlet cloth by an improver] process. Through the means 
of Colbert, minister of Lours XIV., one of the Gobelins learned the process used for 
preparing the German scarlet dye from one Gluck, whom some consider to he Gulieh 
(who was said to have learned to dye scurlet from one Knffelar, a dyer at Leyden), 
and others as Kloek ; and the Parisian scarlet dye soon rose into so great repute that 
the populace imagined that Gobelin had acquired the art from the devil. It is known 
that Louis XIV., by the advice of Colbert, purchased Gohelitrs building from his suc- 
cessors in 1667, and transformed it into a palace, to which he gave the name of Hotel 
Royal t hs Gobelins , and which he assigned for the use of first-rate artists, particularly 
painters, jew ellers, weavers of tapestry, and others. — Beckmann. 

The national manufactory is now alone remarkable for its production in textile 
manufacture of some of the finest works of art ; and not only does it excel in the high 
character of its designs, but also in the brilliancy and permanence of its colours. 

GOLD. (Eng. and Germ.; Or, Fr.) This metal is distinguished by its splendid 
yellow colour; its great density = ly-.'i compared to water l‘«; its fusibility al the 
32nd degree of Wedge wood’s pyrometer; its pre-eminent ductility and malleability, 
whence it can he beaten into leaves only l-2S2,0(J0lh of an inch thick; and its insolu- 
bility in any acid menstruum, except the mixture of muriatic and nitric acids, — styled 
by the alchemists aqua regia , because gold was deemed by them to be the king of 
metals, — or in solutions of chlorine. • 

Gold » found only in the metallic state, sometimes crystallisul in the cube, and its 
derivative forms. It occurs also in threads of various sizes, twisted and interlaced into 
a chain of minute octahedral crystals ; as also in spangles or rounded grains, which 
when of a certain magnitude are culled pepitas. The small grains are not fragments 
broken from a greater mass; but they show by their flattened ovoid shape and their 
rounded outline that this is their original state 1 . The spec. grav. of native gold varies 
from 1.T3 to 17*7. Humboldt states that the largest jtepita known was one found in 
Peru weighing about 12 kilogrammes (20 k Jbs. avoird.) ; but masses have been quoted 
in the province of Quito which weighed nearly four times os much. Some of the 
“nuggets” from Australia have greatly exceeded this. 

Another ore of gold is the alloy with silver, or argental gold, the clectrum of Pliny. 
It seems to be a definite compound, containing in 100 parts, 64 of gold and 3G of 
silver. 

The mineral formations in which this metal occurs are the crystalline primitive 
rocks, the compact transition rocks, the trnchytic anil trap rocks, and alluvial grounds. 
Sir Roderick Murchison says, in his chapter On the Oriyinal Formation of Gold, in 
his “ Silurin:”— “ We may first proceed to consider the nature and limits of the rich 
gold-beariug rocks, and then offer proofs, that the chief auriferous wealth, as derived 
from them, occurs in superficial detritus. Appealing to the structure of the different 
mountains, which at former periods have afforded, or still afford, any notable 
amount of gold, we find in ail a general agreement. * Whether, referring to past 
history, we oust onr eyes to the countries watered by the sources of the Golden Tagus, 
to the Phrygia gnd Thrace of the Greeks and Romaus, to the Bohemia of the Middle 
Ages, to tracts in Britain which were worked in old times, and are now cither 
abandoned, or very slightly productive, or to those chains in America and Australia 
which, previously unsearclied, have in our times, proved so rich, we invariably find 
the same constants in xfeturc. In all these lands, gold has been imparted abundantly 
to the ancient frocks only, whose order and succession we have traced, or their 
associated eruptive rocks. Sometimes, however, it is also shown to be diffused 
through the body of sach rocks, whether of igneous or of aqueous origin. The stratified 
rocks of the highest antiquity, such as the oldest gneiss and quails rocks (like tbos% 
for example, of Scandinavia and the northern Highlands of Scotland), have very 
seldom borne gold ; hut the sedimentary accumulations which followed, or (he Silurian, 
Devonian, and carboniferous (particularly the first of these three) have been the 
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deposits which, in the tracts where they have undergone a metamorphosis or change 
of structure by the influence of igneous agency, or other causes, have been the chief 
sources whence gold has been derived." 

Gold is usually either disseminated through the rocks, often in extreme minuteness, 
or spread out in thin plates or grains on their surface, or, lastly, implanted in their 
cavities, under the shape of filaments or arborescent crystallisation. The minerals 
composing gold bearing veins are either quartz, calcspar, or sulphate of baryta. The 
ores that accompany the gold in these veins are chiefly iron pyrites, copper pyrites, 
galena, blende, and mispickel (arsenical pyrites). 

In the ores called auriferous pyrites, this metal occurs generally in an invisible 
form ; but though invisible in the fresh pyrites, the gold becomes visible by its decom- 
position ; as the hydrated oxide of iron sJlows the native gold particles to Bhine forth 
oil their reddish-brown ground, oven when the precious metal may constitute only the 
five millionth part of its weight, as at Rammelsberg in the Hartz. In that state it has 
been extracted with profit ; most frequently by amalgamation with mercury, proving 
that the gold was in the native state, and not in that of a sulphuret. The iron pyrites 
of Wicklow, and of some of our English mines, contain gold. After the sulphur of 
the ore has been separated in the process of manufacturing sulphuric acid, the 
residuary mass, called ** rjilphur cake,*’ is roasted with common Balt*. This is thrown 
into hot water, the copper which is present is dissolved as muriate of copper. The 
silver present has been converted by the roasting process into a chloride ; this is 
dissolved out with a strong brine, from which the silver is precipitated by zinc. The 
silver cake obtained in this way is sold from prices varying from 6*. to 10 a. the ounce, 
the additional sum, above js. 6c/. the ounce for pure silver, being given for the gold 
it contains. 

Principal Gold Mines. 

Gold exists in the primitive strata, disseminated in small grains, spangles, and 
crystals. Brazil affords a remarkable example of this species of gold mine. Reds of 
granular quartz, or micaceous specular iron, in the Sierra of Codies, 12 leagues beyond 
Villa Rica, which form a portion of a mica-slate district, include a great quantity of 
native gold in spangles, which in this ferruginous rock replace mica. 

The auriferous ores of Hungary and Transylvania, composed of tellurium, silver 
pyrites, or sulphuret of silver, and native gold, lie in masses or powerful veins in a rock 
of trachyte, or in a decomposed felspar subordinate to it Such is the locality of the 
gold ore of Kouigsbcrg, of Telkebanya, between Eperies and Tokay in Hungary, and 
probably that of the gold ores of Kapmck,Felsobanya,&c., in Transylvania; an arrange- 
ment nearly the same with what occurs in Equatorial America. The auriferous veins 
of Guanaxuato, of Real del Monte, of Villalpando, arc similar to those of Schemnitz 
in Hangary, as to magnitude, relative position, the nature of the ores they include, 
and of the rocks they traverse. These districts have impressed all mineralogists with 
the evidences of the action of volcanic fire. Breislak and Hacqnet have described the 
gold mines of Transylvania as situated in the crater of an ancient volcano. It is 
certain that the trachytes which form the principal portions of the rocks including 
gold, arc now almost universally regarded as of igneous or volcanic origin. 

It would seem, however, that the primary source of the gold is not in these rocks, 
but rather in the sicnites and greenstone porphyries below them, which in Hungary 
and Transylvania are rich in great anriferons deposits ; for gold has never been 
found in the trachyte of the Eugancan mountains, of the mountains of the Vicentin, or 
of those of Auvergne ; all of which are superposed upon granite rocks, barren in 
metal. 

If it be true that the ancients worked mines of gold in the island of Ischia, it 
would be another example, and a very remarkable one, of the presence of this mirtal 
in trachytes of an origin evidently volcanic. 

Gold ib, however, much more common in the alluvial grounds than among the 
primitive rocks just described. It is found disseminated in the siliceous, argillaceous, 
and ferruginous sands of certain plains and rivers, especially in their re-entering 
angles, at the season of low water, and after storms and temporary floods. On the 
occurrence of gold, Dr. Ure remarks : “ It has been supposed that the gold fonnd in 
the beds of rivers had been torn out by the waters from the veins and primitive rocks, 
which they travene. Some have even searched, but in vain at tfafe source of anri- 
ferons streamp for the native bed of this precious metal. The gold iq them belongs, 
however, to the grounds washed by the waters as they glide along. This opinion, 
suggested at first by Delius, and supported by Deborn, Guettard, Robitant, Balbo, &c., 
is founded upon just observations. 1. The soil of these plains contains frequently, at 
a certain depth, and in several spots, spangles of gold, separable by washing. 2. The 
beds of the auriferous rivers and streamlets contain more gold after storms of rain 
upon the plains than in any other circumstances. 3. It happens almost always that 
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gold is tonnd among the sands of rivers only in a very circumscribed space ; on as- 
cending these river* thoir sands cease to afford gold ; though did this metal come from 
the rocks above, it should be found more abundantly near the source of the rivers. 
Thus it is known that the Oreo contains no gold except from Pont to its junction with 
the Po. The Ticino affords gold only below the I Ago Maggiore, and consequently 
far from the primitive mountains, after traversing a lake, where its course is slackened, 
and into which whatsoever is carried down from these mountains must have been de- 
posited. The Rhine gives more gold near Srrasburg than near Basle, though the 
latter be much closer to the mountains. The sands of the Danube do not contaiu a 
grain of gold, while this river ruus in a mountainous region ; that is, from the frontiers 
of the bishoprick of Passim to Efferding; but its sands become auriferous in the plains 
below. The same thing is true of the Ems ; the sands of the upper portion of this 
river, ns it flows among the mountains of Styria, include no gold ; but from its entrance 
into the plain at Steyer, till its embouchure in the Danube, its sands become auriferous, 
and arc even rich enough to be washed with profit. 

The greater part of the auriferous sands, in Europe, Asia, Africa, and America, arc 
black or red, and consequently ferruginous ; a remarkable circumstance in the geolo- 
gical position of alluvial gold. M. Napione suiq>oseB that the gold of these ferru- 
ginous grounds itiMue to the decomposition of auriferous pyritfi s. The auriferous sand 
occurring in Hungary almost always in the neighbourhood of the beds of Uynitvs. and 
the petrified wood covered with gold grains, found buried at. a depth of 55 yards in 
clay, in the mine of Vorospalak near Ahralmnya in Transylvania, might lead us to 
presume that the epoch of the formation of the auriferous alluvia is not remote from 
that of the lignites. The same association of gold ore and fossil wood occurs in Smith 
America, at Moco. Near the village of Lloro have been discovert d, at a deprli of 20 
feet, large trunks of petrified trees, surrounded with fragments of trap rooks inter- 
spersed with spangles of gold and platinum. But the alluvial soil affords likewise all 
the characters of the basaltic rocks ; thus in France, tin? Crze and tin; (iardon. auri- 
ferous rivers, where they afford most gold, flow over ground apparently derived from 
the destruction of the trap rocks, which occur in situ higher up the country. This fact 
had struck Reaumur, and this celebrated observer had remurked that the sand which 
more immediately accompanies the gold spangles in most rivers, and particuhrly in 
the Rhone and the Rhine, is composed, like that of Ceylon and Expailly, of black prot- 
oxide of iron and small grains of rubies, corundum, hyacinth, &c. Titanium lias been 
observed more recently. It has, lustly, been remarked that the gold of alluvial form- 
ations is purer than that extracted from rocks.’* 

8l»ain anciently possessed mines of gold in regular veins, especially in the province 
of Asturias ; but the richness of the American mines caused them to be neglected. 
Julius Ctcsur is said to have paid his enormous debts, and have added largely to the 
Roman treasury, from the wealth which he derived from the Spanish mine's. The 
Tagus, and some other streams of that country, were said to roll over golden sands. 
France contains no workable gold miues ; but it presents in several of its rivers auri- 
ferous samls. There are some gold mines in Piedmont; particularly the veins of 
auriferous pyrites of Mucugnagna, at the foot of Monte Rosa, lying iu a mountain of 
gneiss ; and although they do not contain 10 nr 1 1 grains of gold in a hundred- weight, 
they have long defrayed the expense of working them. On the southern slope of the 
Pcuuiuc Alps, from the Simplon and Monte Rosa to the valley of Aostc, several auri- 
ferous districts aud rivers occur. Such are the torrent Evouson, which lias afforded 
much gold by washing ; the Oreo, in its passage from the Pont to the Po: the reddish 
grounds over which this little river runs for several^miles, and the hills in the neigh- 
bourhood of Chivasso, contain gold spangles in considerable quantity. 

In llie county of Wicklow, iu Ireland, in the year 1796, some fine specimens of 
gold were found,— one mass weighing twenty-two ounces. The gold is found in the 
debris of the valley at the base of Croghan-Kinsbela ; and it would appear to he derived 
from the granite of that mountain, or the horuhlcndic greenstones by which it is tra- 
versed. Mcssrt£ Weaver and Mills, however, prosecuted extensive mine workings in 
search of the source of the gold without any success. As we have already stated, 
the pyrites of Wicklow contain gold, but no auriferous veins have been discovered. 
In Cornwall gold has been found in the tin streams of Cnrnon vale, and some few 
other spots ; ancj some of the quartz veins traversing the slate have been found 
to contain gold. Many of the gossans of the copper lodes are known to have gold 
in them ; but ft is ouly in a few rare instances that the precious metal lias been 
separated. 

In Devonshire, near North Mol ton, at the Britannia mine, gold has been found ift 
small quantities, associated with the minerals of the district ; but it has never paid the 
cost of obtaining it. In Scotland also gold has been found. Pennant says : 44 In the 
reigns of James IV. and V. of Scotland, vast wealth was procured in the Lead Hills. 
Vol. 1L K K 
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from the gold washed from the mountains ; in the reign of the latter not less than the 
value of 300,0004, sterling." We are told that in another locality a piece of gold 
weighing thirty ounces was found ; but we cannot find any good authority for this 
statement. 

In North Wales, the older slaty rocks art* auriferous. Professor Ramsay has 
*examined and descrilied the district, and especially the mineral and quarts veins of 
Cwm-eiscn-isaf and Dol-y-frwynog, which contain gold. At Gogofau, not far from 
Llandovery, the Romans worked for gold, the remains of their workings being still 
to he discovered. They liavo been described by Mr. W. Warington Smyth in the 
Memoirs of the Geological Survey. At the end of this article, a paper devoted to the 
British gold mines and streams will he found. 

There are auriferous sands in some rivers of Switzerland, as the Renss and the Aar. 
In Germany no mine of gold is worked, except in the territory of Salzburg, amid the 
chain of mountains which separate the Tyrol and ('arinthia. 

The mines of Hungary and Transylvania arc the only gold mines of any importance 
in Europe ; they are remarkable for their position, the peculiar metals that accom- 
pany them, and their product, estimated at about 14,‘K) pounds avoird. annually. The 
principal ones arc in llnngary, 1, those of Konigsherg; the native gold is disse- 
minated in ores of sulphuret of silver, which occur in small masser and in veins in a 
decomposing felspar rock, amid a conglomerate of pumice, constituting a portion of 
the trachytic formation; 2, those* of Uor6on, Schcmnitz; and 3, of Felsobunya: ores 
also of unriferous siilplmret of silver occur in veins of sienite and greenstone por- 
phyry ; 4, those of Telkehanya, to the south of Kaschau, are in a deposit of auriferous 
pyrites amid trap rocks of the most recent formation. 

In Transylvania the gold occurs in veins, often of great magnitude. These veins 
have no side plutcs or wall stones, but abut, without intermediate gangues, the primi- 
tive rock. They consist of decomposing quartz, ferriferous limestone, licuvy spar, 
fluorspar, and siilphurel of silver. The mine of Kapoik deserves notice, where the 
gold is associated with orpimeut, and that of Vorospatak in granite rocks ; those of 
Oflenbanya, Zulatua, and Nagy- A g, where it is associated with tellurium. The lust 
is in sicnitic rock on the limits of the trachyte. 

In Sweden, the mine of Edclfors in Sinoland iu:iy be mentioned, where the gold 
occurs native and in auriferous pyrites ; the veins arc a brown quartz, in a mountain 
of foliatid hornstone. 

In Siberia, native gold occurs in a hornstone at Sclilangenbcrg or Zmcof, and at 
Ziucino-garsk in the Altai mountains, accompanied with many other ores. 

The gold mine of llerczovsk in the Ural mountains has been long known, consist- 
ing of partially decomposed, auriferous pyrites , disseminated in a vein of greasy quart z. 
This is, according to Murchison, “the only work at which subterranean mining in the 
solid rock is still practised ; there the shaft traverses a mass of apparently metamor- 
phosed and crystalline matrix called * beresite resembling a decomposed granite with 
veins of quartz, in which some gold is disseminated." About 1820, a very rich deposit 
of native gold was discovered on the eastern side of the Ural mountains, disseminated 
at some yards deep in an argillaceous loam, and accompanied with the debris of 
rocks which usually compose the auriferous alluvial soils, as greenstone, serpentine, 
protoxide of iron, corundum, &c. The rivers of this district possess auriferous 
sands. 

At the Soimanofsk mines, south of Miask, great piles of ancient drift or graved 
having l>ee» removed for the extraction of geld, the eroded edges of highly inclined 
crystalline limestones have been exposed, which, from being much nearer the centre 
of the chain than the above, arc probably of Silurian or Devonian age. It is from 
the adjacent eruptive serpentinous masses and slaty rocks b that the gold shingle c 
(usually most auriferous near the surface of the abraded rock a) has been derived. 



The tops of the highly inclined beds a are in fact rounded off, and (he interstices 
between them worn into boles and cavities, as if by very powerful action of water. 
Now here,* as at Berezov sk, mammoth remains have been found. They were lodged 
in the lowest part of the excavation, at the spot marked m, and at about fifty feet 



GOLD. 


499 


beneath the original surface of overlying coarse gravel c, before it was removed by the 
workmen from the^ vacant space nndcr the dotted line. The feeble influence of 
the streams ( ») which now flow, in excavating even the loose shingle is seen at 
the spot marked o, the bed of the rivulet having been lowered by human labour 
from its natural level o to that marked n for the convenience of the diggers. — 
Murchison. 

It was from the infillings of one of the gravelly depressions between these eleva- 
tions, south of Miask, that the largest lump of solid gold was found, of which at that 
time (1824) there was any record. This * < pepita w weighs ninety -six pounds troy, 
and is still exhibited in the museum of the Imperial School of hfines at St. Peters- 
burst. 

The quantity of gold raised in Russia during five years Was as follows . — 


1847 

1848 

1849 

1850 

1851 


1700 poods. 
IGoO „ 
1530 „ 
1490 „ 

12GG „ 
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Equal to about 296,932 lbs. troy in five years .— Lectures on Gold, R. Hunt. 
The total production of gold in Russia has of late years been as follows 



{Ural, Eastern and Western Siberia.) 



Government Mines. 

Prlrata Mines. 

Total. 

1860 - 
1861 - 
18G2 - 

OE. 

111,984 

105.959 

102,857 

OK. 

665,986 

643,159 

640,885 

OK. 

767,870 

749,118 

752,742 

1847 (the year of maximum production) - 
1852 (the year of minimum production) - 

m m m 

OE. 

961,616 

720,320 


The largest single production in 1860 was from the Aurora Stream Works on the 
Ojnc river, in the Jencsei district, belonging to Messrs. Itjasonow & Co., 54,020 ounces, 
l5iJn» 1° tIESf fine » or at P 61, ouncc » vallle 203,925/. 10s. 


In 1 823 the sands washed in the Bcresnf district yielded 


ilwts. gr*. 

2 5-G per ton. 


1861 „ 

»• H 

»» 

0 81 

tt 

1828 

Bogalousk (S. 

Uial.) 

1 4-7 

»» 

1830 „ 

»> *» 

w 

5 18 4 

•* 

1860 „• 

» >» 

»» 

0 20'8 

1* 

1861 (first half year) 

„ Mi j ask „ 

»» 

0 12-3 

•» 

'Flic force employed was in 1860 : — 




\V. and E. Siberia - 

Men. 

Women. 

H-irnrs and 
Mules. 

Steam 

Engines. 

- 31,796 

919 

8,751 



Ural 

- 20,352 

JL181 

8,339 

4 

Total 

52,148 

3,100 

17,090 

4 


The average payments for royalties in the private mines is 7 per cent 
In Erman’s “ Archives ” we find that in the year 1851, the gold of the TTralian 
washing and amalgamation works produced 332 poods; the Nertsehinsk works, 67 
poods; the remaining West and East Siberian washings, 1 107 poods; the produce of the 
Altai Mouulains and of Nerlschinsk Siberian works, 39 poods ; making 154G poods. 

In Asia, and especially in its southern districts, there are many mines, streams, 
rivers, and wastes which ^contain this metal. The Pactolus, a small river of Lydia, 
rolled over such golden sands, that it was supposed to constitute the origin of the 
wealth of Croesus. But th*sc deposits are now i>oor and forgotten. Japan, Formosa, 
Ceylon, Java, Siftnatra, Borneo, the Philippines, and some other islands of the Indian 
Archipelago, are rich in gold streams. Those of Borneo are worked by the Chinese in 
an alluvial soil on the western coast, at the foot of a chain of volcanic mountains. 9 
Little or no gold comes into Europe from Asia, because its servile inhabitants place 
their fortune in treasure, and love to hoard up that precious metal. 

Numerous gold mines occur on the two slopes of the chain of the Cailas mountains 

k a 2 
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in the Oundds, a province of Little Thibet 'the gold lies in quarts veins which tra- 
verse a very crumbling reddish granite. b . 

Africa was, with Spain, the source of the greater portion of the gold possessed by 
the ancients. The gold which Africa still brings into the market is always, in dust, 
showing thnt the metal is obtained by washing the alluvial Boils. None of it is col- 
lected in the north of that continent ; three or four districts only are remarkable for 
the quantity of gold they produce. 

The first mines are those of Kordofan, between Darfour and Abyssinia. The 
negroes transport the gold in quills of the ostrich or vulture. These mines Beem to 
have been known to the ancients, who considered Ethiopia to abound in gold. Hero- 
dotus relates that the king of that country exhibited to the ambassadors of Cambyscs 
all their prisoners bound with golden chains. 

The second and chief exploitation of gold dust is to the south of the great desert of 
Zaara, in the western part of Africa, from the mouth of the Senegql to the Cape of 
Palius. The gold occurs in spangles, chiefly near the surface of the earth, in the beds 
of rivulets, and always in a ferruginous earth. In some places the negroes dig pits 
in the soil to a depth of about 40 feet, unsupported by any props: they do not follow 
any vein ; nor do they construct a gallery ; but by repented washings they separate the 
gold from the earthy nutters. 

The same district furnishes also the greater part of what is carried to Morocco, Fez, 
and Algiers, by the caravans which go from Timbuctoo on tbe Niger, across the great 
desert of Zaara. The gold which arrives by Sennaar at Cairo and Alexandria conics 
from tlic same quarter. From Mungo Park’s description, it appears that the gold 
spangles arc* found usually in a ferruginous small gravel, buried under rolled pebbles. 

The third spot in Africa where gold is collected is on the south-east coast, between 
the twenty-fifth and the twenty-second degree of south latitude, opposite to Mada- 
gascar, in the country of Sofula. Some persons think that this was the kingdom of 
Ophir, whence Solomon obtained his gold. 

During the last, and the commencement of the present centmy, the richest gold 
mines were found in South America. It occurs there principally in spangles among 
the alluvial earths, and in the beds of rivers ; more rarely in veins. 

The gold of Mexico is in a great measure contained in the argentiferous veins, so 
numerous in that country, whose principal localities are mentioned under the article 
Silver. The silver of the argentiferous ores of Guanaxuato contains one 860th of its 
weight of gold ; the annual product of the mines being valued at from 2G41) to 3300 
pounds avoirdujiois. 

Oaxuco contains the only auriferous veins explored as gold mines in Mexico ; they 
traverse the rocks of gneiss and mica slate. 

All the rivers of the province of Caracas, to ten degrees north of the line, flow over 
golden sands. 

Peru is not rich in gold ores. In the provinces of Huailas and Patax, this metal is 
mined in veins of greasy quartz, variegated with red ferruginous spots, which traverse 
primitive rocks. The mines called jxteos de oro t consist of ores of iron and copper 
oxides, containing a great quantity of gold. 

All the gold furnished by New Grenada (New Columbia) is the product of wash- 
ings established in alluvial grounds. The gold exists in spangles and in grains, dis- 
seminated among fragments of greenstone and porphyry. At Choco, along with the 
gold and platinum, hyacinths, zircons, and titanium occur. There has been found, as 
already stated, in the auriferous localities, large trunks of petrified trees. The gold 
of Autioquia is 20 carats fine, tfiatof Choco 21, and the largest lump or pqritu or gold 
w eighed about 27 £ pounds avoirdupois. The gold of Chili also occurs in alluviul 
formations. 

Brazil does not contain any gold mine, properly so called ; for the veins containing 
the metal are seldom worked. Dr. Walsh says gold was first known to exist in the 
Brazils in 1543. The Indians made their fishing-hooks of it, and from them it was 
discovered that it was found in the beds of streams, brought down frtim the mountains. 
But the first ore found by a white man in that country was in the year 1G93 ; this 
discovery led to the colonisation of the Minas Geraes, and to all those evils resulting 
from “ the cursed lust of gold,” with details of which the history of South America 
abounds 

It is in the sands of the Mandi, a branch of the Rio- Dolce, at tfetapreta, that the 
anriferons ferruginous sands were first discovered in 1 G82. Since then they have 
been found almost everywhere at the foot of the immense chain of mountains, which 
1 runs nearly parallel with the coast, from the 5th degree south to the 30th. It is par- 
ticularly near Villa Rica, in the environs of the village Cocoes, that the numerous 
washingB for gold arc established. The pepittu occur in different forms, often adhering 
to micaceous specular iron. But in the province of Minas Geraes, the gold occuis 
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also in veins, in beds, and in grains, disseminated among the alluvial loams. It has 
been estimated in annual product, by several authors, at about 2800 pounds avoir- 
dupois of fine metal. 

Almost all the gold formerly brought into the market was from alluvial lands, and 
had been extracted by washing; now numerous veins of auriferous quartz are 
worked. 

Californian Gold Mines, — The accident which first revealed the golden treasures 
of the soil of California, is thus related by a writer in the Quarterly lteview, for Sep- 
tember, 1852. Captain Suter, the first white man who had established himself in the 
district where the Americanos Joins the Sacramento, having erected a saw- mill on the 
former river, whose tail race turned oat to be too narrow, took out the wheel, and let 
the water run freely off. A great body of earth having been carried away by the 
torrent, laid bare many shining yellow spangles, and on examination Mr. Marshall, 
his surveyor, picked up several little lumps of gold. JTe and Captaiu Suter then 
commenced a search together, and gathered an ounce of the ore from the sand without 
any difficulty ; and with his knife the captain picked out a lump of an ounce and a 
half from the rock. A Kentuckian workman employed at the mill had espied their 
supposed secret discovery, and when after a short absence the gentlemen returned, he 
allowed them a Mindful of the glittering dust. The cuptam hired a gang of fifty 
Indians, and set them to work. The news spread, but the announcement of the dis- 
covery was received with incredulity beyond the immediate neighbourhood. Hut 
presently, when large and continuous imports of gold from San Francisco placed the 
matter beyond doubt, there ensned such u stir in the States, as even in that go-ahead 
region is wholly without parallel: numbers of every age and of every variety of 
occupation pushed for the land of promise. Many were accompanied by their families, 
and most under the excitement of the hour overlooked their physical unfitness, and 
their inability to procure necessaries. The waters of the Humboldt, from their head 
to their “sink,” a space of nearly 300 miles, are in the dry season strongly impreg- 
nated with alkali : and it was here that they first began to faint. Some died from thirst, 
others from ague, others fell beneath the burdens they attempted to carry when their 
lust animal dropped into the putrid marsh, which grew thicker at every step. Beyond 
the “ sink ” the diminished bands had to encounter sixty or seventy miles of desert, 
where not a blade of herbage grew, and not a drop of pure water could be procured ; 
and those who pushed safely through this ordeal liad still to ascend the icy slopes of 
Sierra Nevada, when the rigours of winter were added to all other difliculties. At 
different points, one being almost in sight of the golden laud, overwearied groups had 
formed encampments in case perhaps some help might reach them. It is to the 
credit of the settlers that on hearing this, they strained their resources to the utmost 
to afford relief. Yet, when all was done, a sick, destitute, most wretched horde of 
stragglers, was all that remained of the multitude, who, full of hope and spirits, had 
commenced the prairie journey. 

The development of the gold fields of California has been so remarkable, that it 
appears necessary to devote some space to a consideration of the conditions under 
which the auriferous treasures are discovered. This cannot be better done than by 
quoting Professor Blake's remarks on the “ Geognosy of the gold drift of California.” 

With the exception of the diluvial strata, the whole geological formation of the 
Sierra range consists of igneous and metamorphic rocks ; the former are mostly por- 
phyritic in the lower hills, whilst higher up trachytic rocks are more frequently met 
with. The metamorphic rocks consist of micaceous schists, slates both talcose and 
micaceous, metamorphic sandstones and limestone^ with occasional beds of conglo- 
merate. The stratified rocks have been much displaced: it is rare to liud them with 
a dip of less than 70 ', and they are generally very nearly perpendicular. The strike 
of the beds in that section to which Professor Blake's observations have been confinfd 
(between the Stanislaus and Yuba rivers) is extremely uniform, being from 5° to 10 7 
W. of N. and E. of S. The extent of the diluvial dc]K>sits is commcnsuratcd, or 
nearly so, with that of the gold-bearing region, in that part of the country which he 
has examined. They are found in a belt of land from thirty to sixty miles broad; 
and running parallel with the axis of the range ; and, from facts that he has ascer- 
tained from others, hetstates that he has no doubt but that they exist throughout all 
the gold-bcaring/egion, both north and south. These diluvial deposits are met with 
as we advance towards the lower hills of the Sierra, extending frequently some miles, 
into the plain.* On ascending from the lower hills towards the mountains, the diluviul 
beds no longer occupy the same relative position : occasionally deposits of rounded 
stones can be found in the valleys and on tbe sides of the hills, but when this is tfafe 
case, their origin can always be traced to deposits existing on the. tops of the sur- 
rounding hills, from which they have been brought down by the action <ff the causes 
now at work. As we ascend towards the axis of the chain, these deposits become 
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more extensive, and at a distance of twenty or thirty miles from the lower hills, they 
are fonnd occnpying the crests of almost all the highest ridges in the country ; but 
besides being found on the crests of the ridgeB, where their extent frequently does 
not exceed a few yards in breadth, they are also met with covering the extensive 
elevated flats which exist on the benches between the different watercourses, forming 
continuous beds of some miles in extent, which are rarely interrupted by the pro- 
trusion of any of the older rocks. Where found in elevated situations, the lower hills 
and valleys are entirely free from them ; frequently a large section of the country 
will be enclosed from two high ridges cap]>ed by deposits, and diverging from a 
common point; in the intervening s]>ace will be seen many secondary ridges, some- 
times fifteen or eighteen hundred feet high, formed entirely of the older rocks, no 
traces of deposits being found on their surface, nor in the ravines that lead from them. 

The depth of these deposits is extremely variable. Sometimes nothing more than 
a trace of them in the presence of a few round pebbles lying on the ‘op of a riage is 
found ; the valleys and ravines in the neighbourhood containing tlieir disintegrated 
elements in considerable quantities. In other instances, particularly where spread 
out over the elevated flats, they are of a moderate and pretty uniiorm thickness for a 
considerable distance, varying from two to three feet to a few inches, and this, too, 
in positions where tho»< surface could not have been exposed to any great amount of 
denudation. They ore again found many hundred feet in thickucss, composed of 
superimposed strata of different mineralogical constitution, generally horizontal and 
conformable with each other. 

The localities where the deposits are met with most extensively disclosed, and that 
have been worked, are at Nevada and at Mokelumne hill. At the former place they 
form the crest of a high mountain culled the Sugar-loaf, full 2,000 feet above the 
level of Peer Creek, the upper 600 feet being formed entirely of diluvial strata. At 
Mokelumne hill they are also 200 feet deep, forming here also the summit of a high 
and isolated mountain. The elements of which they are composed differ considerably 
in different localities, although there are through the whole series many points of 
resemblance. In the lower valleys and flats between the ranges of the lower bills, 
they appear to consist of beds of gravel, containing occasional boulders of quartz and 
the harder rocks. On the elevated flats higher up in the mountains, the surface of 
these deposits is generally covered by a reddish loam, mixed with small gravel; 
whilst reposing on the bed rock, and a few inches above it, is fonnd a stratum 
cou taming large boulders aud gravel, the boulders being principally quartz. ()u 
the tops of the hills and the crests of the ridges, where they generally attain tlieir 
greatest thickness, we find them composed of many distinct strata lying nearly 
horizontal and conformable with each other, and generally also with the surface of 
the underlying rocks. In these situations the most superficial stratum is composed 
of a moss of extremely hard conglomerate, containing principally trachytic rocks, 
imbedded in a hard argillaceous cement. It is this hard stratum that has undoubtedly 
preserved the underlying beds from the destructive influence which has so powerfully 
acted on the surrounding rocks. 

At other points the whole series consists of conglomerates and soft friable sandstone. 
Iu the lower strata, quartzose conglomerates, with au argillaceous cement, or loose 
quartzose gravel, always prevails, with large boulders of quartz, weighing frequently 
two or three tons, having their surface worn smooth and the augles rounded. The 
deposits of the heavier rocks have been formed on spots which were evidently lower 
than the level of the surrounding rocks ; whilst on those parts which were higher at 
the time the deposits were formed, the higher trocliytic rocks are fonnd. As far as 
Professor Blake's researches have extended, the more quartzose conglomerates have 
been invariably found on the erupted rocks, whilst the stratified rocks which they 
had upheaved were only covered by the trachytic conglomerates. The pebbles of 
which these conglomerates are composed present specimens of all the harcer rocks : 
metamorphic sandstones, clinkstone, trap porphyries, and quartz, make up the larger 
part of the mass. They are all perfectly rounded, but in the lowef deposits ure so 
soft that, with the exception of the trap and quartz, they generally fall to pieces on 
exposure to the air. The strata, as before obseived, are nearly horizontal and con. 
formable : if they have any dip, it appears to have been owing to the slope of the 
surface of the rock ou which they were deposited ; in fact, no displacement seems to 
have taken place in this country since the time of their formation. They lie perfectly 
horizontal over the almost vertical edges of the upheaved slate rocks.* 

As regards the mineral riches of these deposits, it would appear that gold is found 
wherever they exist The ravines coming from the ridges on which they are found 
are generally extremely rich, and always contain gold, even in places where the 
deposits themselves have been worked without success. In some places where they 
have been worked, as much as thirty thousand dollars have been taken from a claim of 
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fifteen feet square ; and there are many instances where ten and fifteen thousand 
dollars have been {pken from claims of the same sise. Bat few of these rich spots 
have, up to the present time, been opened, yet there can be no doubt but tliat 
many still remain to be discovered. Where the deposits are found extending over 
a large surface on the elevated flats, gold is always met with, generally diffused through 
the gravel immediately above the rock on which they rest 

Australian Gold Mines. — The discovery of the great gold field in Australia to the 
westward of Bathurst, about 1 50 miles from Sydney, was officially made known in 
Great Britain, by a despatch from Sir C. A. Fitxroy to Earl Grey, on the 18th Sep- 
tember, 1851, many persons with a tin dish having ohtained from one to two ounces per 
day. On the 25th of May, he writes that lumps have been obtained varying in weight 
from one ounce to four pounds. On the 29tb of May, he writes that gold has been found 
in abundance, that people of every class are proceeding to ihe locality, that the field is 
rich, and front the geological formation of the country, of immense area. By assay 
the gold is found to consist of 91 *1 of that metal and about 8*333 of silver, with a little 
base metal ; or of 22 carats in fineness. J uly 1 7th, a mass of gold weighing 106 pounds 
was found imbedded in the quartz matrix, about 53 miles from Bathurst ; and much 
more, justifying the anticipations formed of the vast richness and extent of the gold 
field in this colony. This magnificent treasure, the property of T)r. Kerr, surpassed 
the largest mass found in California, which was 28 pounds ; and that in It ussiu, which 
was 70 pounds, now in the museum at St Petersburg. One party of six persons got 
ait the same time 4004 in ten days by means of a quicksilver machine ; anil a party of 
three, who wire unsuccessful for seven days, obtained in five days more than 2«;o 

<1111 1 CCS. 

Numerous claims have been made by persons who have thought that they had 
given the first indications of gold in Australia. To Sir Roderick Murchison is, how- 
ever, due the merit of pointing out that gold might probably be found in Australia, 
long before it was known in Europe that gold existed in that important colony. Sir 
Roderick Murchison thus gives us the facts : — “ Having in the year 1844 recently 
returned from the auriferous Ural mountains, 1 had the advantage of examining tlie 
numerous specimens collected by my friend Count Strzelecki along the eastern chain 
of Australia. Seeing the great similarity of the rocks of those two distant countries. 
1 could have little difficulty iu drawing a parallel between them ; in doing which 1 
was naturally struck by the circumstance that no gold had yet been found in tlie 
Australian range, which I termed in anticipation the 1 Cordillera,’ impressed with 
the conviction that gold would, sooner or later, be found in the great British Colony. 
1 learnt in 1846 with satisfaction that n specimen of the ore had been discovered. 1 
thereupon encouraged the unemployed miners of Cornwall to emigrate, and dig for 
gold as they dug for tin in the gravel of their own district. These noiiccs were, as far 
as 1 know, the first printed documents relating to Australian gold.” 

August 25th, 1851, Lieutenant-Governor C. J. Latrohc announced to Earl Grey from 
Melbourne, the discovery of large deposits of gold in that district of the colony. Li a 
second Parliamentary blue book, issued February 3, 1852, it is stated that 79.340 ounces 
of gold, worth 257,855/. 7s., had been previously forwarded to England; and that the gold 
fields of the colony of Victoria rival, if they do not exceed in value, the first discovered 
gold fields of New South Wales ; the total value being then 300,000/. ; and hut a little 
time afterwards about half a million sterling. Mr. E. Hargraves, commissioner for 
Crown lands, announced from Bathurst, that no part of California which he had seen 
has produced gold so generally and to such an extent as Summerhill Creek, tlie Turon 
Kivcr, and its tributaries. 

For the purpose of conveying a correct idea of the conditions under which the 
greatest quantity of the Australian gold occurs, three plans have been selected from 
different districts. The first of these (fig. 920) represents a longitudinal section 
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l»»rc, as indicated by the darker portions of tlie wood-cut, the quartz vein shown in 
section, with the shafts sunk, and the levels driven upon it Thq, lighter portions of 
the figure resting on the quartxose rock is an auriferous drift ; and on the left of the 
section the great basaltic formation is shown. 

Fig. 921 is a section of a portion of the Ballarat gold-field. It is an east and west 
section from the Red Streak-lead across Post-office Hill, White Flat, the township of 
Ballarat West, and the quartz reef west of the township; and it shows the auriferous 
drift, schist, quartz, and basalt formations of the district 



1. The town of Ballarat East. 

S. The main mail. 

S. The Il<il Streak-lead. 

4. Tho creek. 

A. Old rii'i-ofTIc.- III11, with quartz roof. 

(i. llHftall cM-nrpincnt south of Oolilt-n Point. 

7. White flat recent auriferous alluvial deposit 

8. Yarrowec Creek. 

y and 11 are two shafts sunk into the ancient auri- 


ferous alluvial deposit 

10. The Gravel- Pits lead. 

12. Qu irt* rcer beyond the town of Ballarat West, 
shown in the drawing. 

I» is the remains of a lava strenm, interrupted hj 
the schist anil clay slate hills. 

D D is the gravel straLa which invariably rests on 
the side of the schist hills which surround 
the Ballarat basin. 


In those two sections we have, therefore, all the conditions shown of the processes 
of mining on the quartz lodes and in the alluvial deposits. 

Fig. 922 is a section from the 
Boroondara and Bullcen gold 
mines, a few miles from the ca- 
pital of Victoria. It is the east 
and west section of the Carlton 
Estate quartz reef, and is mainly 
given to illustrate the unskilful 
and dangerous condition of many 
of the workings undertaken by 
men who have no experience in 
subterranean operations. The 
shaft, if such it can he called, is 
about 40 feet deep; and the reef 
dips with the solid strata at an 
angle of about CO degrees to the 
horizon. 

The wall of the shaft at a is • 
not supported on the lootwall by 
props and proper timbering, 
which it should be, ns indicated 
by E e e. The windlass at c and the frame-work at i> are both exceedingly insecure. 
This is the mode of proceeding in a very important working, where almost every 
piece of quartz broken out contains gold, and also antimony and iron. • At the point f 
the quartz reef was exceedingly rich, and there it branches oiT into small strings, 
yielding 22 ounces of gold to the ton. 

It is not necessary here to trace the progress of gold-mining in this colony. The 
quantity of gold discovered and exported has been enormoud*. Some exceedingly 
large “ nuggets ” have been found; one in Forest Creek, weighing 27 lbs. 6oz. lftdwtll 
and the Welcome Nugget, weighing 2217 oz. 16 dwts. « 

The Gold-Fields of British Columbia . — “ That the auriferous deposits of this 
region are spread over a considerable scope of country is apparent from the fact 
that paying diggings have already been found on the Fraser River, extending 
from Fort Hope almost to Fort Alexander, a continuous distance of nearly 400 
miles. Among the tributaries of this stream, Thompson and Bridge Rivers are 
known to be auriferous. Little or no search has been made as yet for drift 
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diggings or quarts, though there are abundant indications that both, of a paying 
character, exist Fi^c ledges of quartz, in fact, present themselves almost every- 
where, though no thorough examination lias been made of their quality. The 
banks of Bridge River consist of alternate strata of slate and quartz rock, the 
most favourable possible geological formation for gold. 1 would venture, then, 
after having seen considerable of the mines in this quarter, to express the confident 
opiuion that they will prove sufficiently extensive, productive, and lasting to 
warrant a large immigration to this country in the ensuing season, and that British 
Columbia is destined to become another great gold-producing region, ranking next 
to California and Australia in the amount she will hereafter annually yield of this 
precious commodity. 

Such is a general view of the gold-producing districts of the world. 

The Gold Mines of North Wales having acquired a large share of attention, it has 
been thought deairable to insert the following notice from the pen of a gentleman 
who lias most industriously investigated the quartz lodes of Merionethshire. 

The existence of gold in the British Isles was known at a very remote period of 
history, and it is certain that many adventurers, in crazy craft, came to this country 
in search of metallic wealth. Julius Cscsar, probably, invaded these islands more 
for the acquisition of supposed riches than the conquest of*a rude and barbarous 
people. This opiuion is strengthened, if not continued, by the expression of 
Galgacus, whilst attacking the Caledonians, “ Britain produces gold, silver, and other 
metals, the booty of victory.”* 

A celebrated “Triad” niukes three Welsh chieftains the enviable possessors of 
golden cars , and Mcyrick reasonably infers from this, that gold mines were worked 
by the Welsh ( Cymri), at a very early period, f 

The style of the golden weapons, torques, bracelets, &c., that have been found at 
various times is very simple, and quite unlike the style of ornamentation of the early 
Christian period ; it is therefore naturally inferred that they belonged to a time long 
anterior to that 

It is, however, certain that the Homans actually discovered gold in Wales, and 
wrought it too : for independently of the statement of Tucitns, just quoted, there are 
evidences, plenty, of Homan mine-works where gold must have been the principal, 
if not the sole object of exploration. One of the most rararkublc is Gogofau, 
in Caerinarthenshirc4 This gold-mine is situate on the banks of the Cothy, and 
forms part of the grounds of Doiau-Cothy. Here a quartz-lode Ins been “worked 
open to the day,” und levels driven 170 feet through the slate. The officers the 
Geological Survey discovered gold here, and a metallurgical workshop . Amongst 
other things a beautiful gold necklace was found, which is now in the possession of 
Mrs. Jobnnes, the wife of the gentleman to whom the property belongs. Other 
instances might be cited, in proof of the former existence of gold in tolerably large 
quantities in many parts of these islands.^ 

Strabo coincides with Tacitus, as to the precious metals: but Caesar makes no 
mention of gold and silver. Cicero (n. c. 10b) says, “In Britannia nihil e>se audio 
neque auri ueque argentij” || and, in another epistle (nd attic) he says, “it was well 
known that not a single grain of silver could be found in the island.” The statements 
of Cicero do not, however, tally with subsequent history, and are contradicted by 
Camden and other modern authorities. Probably there is not, and never was, gold 
and silver enough discovered in Britain to be, as Tacitus thought, “the price of 
victory ; " yet the comparative scarcity of preciouR stones at the time would tend to 
preinduce a desire to possess in quantity the next best representatives of value, the 
precious and the baser metals. * 

Cimboline, prince of tbe Trinobantes, had a coinage of gold. This was supposed 
to be made of British gold, obtained in Essex, but the Essix gold mine is exceedingly 
problematical.^ 

An idea appears constantly to have prevailed that the gold of this country was 
by no means of*insiguificnnt quantity or value. The “ uvarice of kings” and the 
exigencies of State, as soon os possible, and as a matter of course, laid claim not only 
to all the gold and Bilver found, but to all the baser metals as well. These pretentions 
were, however, subsequently abandoned, and the crown was divested of all rights in 


* “ Fert Britannia auruin et argentum et alia raetnlla nrotlum victoria* ; gignit et ocoanui margarlta 
led snlfiiKca et livqytiii.” — Tacitm, Vita Agric-dte, rap. xii. 

I History and Antiquities of the County# Cardiganshire. 1810 . ______ 

j “ Note on the iiogofaunr Ogoftu Mine, near riiinptant in (.acrmnrlhcmBhiic. By W. W. Smyth, 

M. A., Memoirs qf the Urological Surrey of the United Kingdom- 
5 S-*c “ Locum* on Gobi,” dellvuretl in the Bluieum of Practical Geology. 

II Kpist. ad Vamil . 

1 Sir John Pettui, Fudfasc R gates. 
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minerals, except gold and silver ; these precious metals being retained, as it was said, 
“for the purposes of coinage, and to support the dignity of. the crown.”* That 
great legal authority. Sir Edward Coke, laid down the law, “ that veyns of gold and 
silver in the grounds of subjects belong to the king by hiB prerogative, for they arc 
Ihnjnll mines,” f and the Justices and Barons in the “ Great Case of Mines ” (1568) 
unanimously agreed,} “ That, by the law, all mines of gold and silver within the 
realm, whether in the lands of the queen or her subjects, belong to the queen by 
prerogative, with liberty to dig and carry it away.” And so firmly was the preroga- 
tive of the crown thus established, that it was agreed that a royal mine could not be 
severed from the crown ; hut the judges overrulrd this. The only doubt existing iu 
the time of Elizabeth was whether, if gold and silver were found intermixed with 
the baser metals, the whole became a royul mine ? 

Some contended that any quantity of gold or silver so found waB sufficient, whilst 
others held the opinion that the gold and silver must exceed in, value the oilier 
metal* ; but the judges decided that even where the gold or silver in a mine of base 
metals in, the land of a subject was of Jess value than the base metal, the mere circum- 
stance of its existence makes it a royal mine. The uncertainty of the law, on this 
decision, caused general distrust, and destroyed to a great extent this kind of 
enterprise; therefore, *in the first year of William and Mary -in act was passed 
(cap. 30.) wherein it was declared that no mine of copper, tin, iron or lead, shall 
hereafter be adjudged a royul mine, although gold or silver might be extracted out of 
the same. This provision, also, was soon considered insufficient, and in the filth 
year of William and Mary, an aet was passed (c.6.) entitled “ An Act to prevent 
Disputes and Controversies concerning Royul Mines,” wherein it was enacted, that 
all persons, being subjects of the crown of England, owners of mines within the 
kingdom of England, dominion of Wales, or Berwick upon Tweed, wherein there is 
copper, tin, iron or lead, may enjoy &c. the same, notwithstanding said mines may 
be pretended, or claimed to be, royal mines. But by the 2nd statute, the crown, or 
any other person claiming royal mines undi-r the crown, has the option of purchasing 
said ores before removal, other than tin ore, in the counties of Cornwall and Devon, 
upon payment of a price fixed by the said act, viz. copper, 16/. ; tin, 2/. ; iron, 2 /. ; 
and lead, 9/. per ton. By the 35 Geo. ill. c. 134, the right of preemption which is 
given to the crown, and those elaimiug under the crown, po far as relates to lead, 
can only be claimed upon payment of 25/. per ton instead of 9/. as previously 
fixed. 

From this it would appear— 1. That the right of preemption given to the crown is 
limited to copper, iron, and leHd, wheresoever found, and to tin to he found in England, 
other than in Cornwall and Devon, if such ores contain gold or silver. 2. That the 
rights of the crown to all mines where gold and silver exist intermixed with any 
substance whatever other than copper, iron, lead, or tin, remain unaffected by cither 
of the statutes of William and Mury. 3. That the rights of the subject to all 
mines of copper, lead, and tin, even if gold or silver is found therewith, is confirmed 
by the said statutes, subject only to the right of preemption just stated. § But, if 
any other auriferous ones be discovered, it will he difficult to determine the respective 
rights of the crown and the subject to such a mine, unless the great case of mines 
should be adopted in favour of the crown. Under any circumstances there is no 
provision made for such a discovery. Independently of this, the law is now settled, 
that pure gold and silver, wherever found, are the absolute property of the crown. 
It is, however, not a little remarkable, that the crown has no right of entri/ upon 
private lands to search for its own ; nor has it ever exorcised its right of preemption 
as regards lead ore containing Silver. But, since the gold discoveries in Wales in 
1854, the practice of the office of Woods and Forests has been nearly as follows, 
viz. : — 

1. Where the gold is found in combination with other metals, flic whole of which, 
with the necessary casements for working, are vested in the crown, the crown deals 
with the case in, the same manner a ft an o> dinary licence to search fer minerals ; viz., 
30/. per annum minimum rent, and onc-twellth royalty on the gold. 

2. Where the gold is found in combination with the minerals specified in the acts 
of William and Mary, and which are not vested in the crown ; the crown proposes 
to accept a royalty in lieu of the right of preemption. 

3 Where the gold is found in a virgin state, or secreted in itocks, and not in 
combination with the ores and minerals specified in those acts, on* land where the 

a * Plowden, 338. murk. Com. Stephen**! edit. 18R8, vol. ii. p. fifiC. 
t Inti. 133 : 3 Inst. 57ti. lHfil. 

The Law relating tv Minn, Minerals and Quarries in ( irent firitniit and inland, by Arundel 
Kiwn, Esq.' 

i ltogeri v. Brenton, in Q. B. 40. 
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minerals are not vested in the crown — the crown requires the parties to take a license 
vu jtayment of a nominal annual rent, and a royalty upon the gold raised . 

The Clogau and Cefn Coch (Welsh gold) mines are at present working nnder the 
first regulation, at a royalty of one-twelfth, and rent of 304 There is no mine 
working under the second, nor is there likely to be, because the auriferous lead ore 
^ill probably not be worth 254 a ton, and zinc ore (blende) on private lands is now 
found to he auriferous, which appears to be unaffected by the Acts referred to. The 
Castell Carn Dochan mine, on the property of Sir Watkin W. Wynn, Bart, is 
working under the third regulation. The proprietor takes his royalty of one-twelftli 
iu kind, and the crown demands and takes one-twenty-fourth in value of the whole 
quantity raised. It is obvious, that as a general rule, such terms are far too burden- 
some to encourage persons in this kind of adventure. It is thought that if the crown 
would consent to impose a small annual rental, and, Bay, a royalty of five per cent 
on the net profltx % it would be paid readily, explorations would be made to a larger 
extent by private individuals, and the crown would he a gainer from lands, upon 
which it has now no right of entry to realize its own. 

In England, gold has been said on very doubtful evidence to exist in the following 
counties: viz., Cornwall, Devon, Somerset, Gloucester, Worcester, Salop, Bedford, 
Derby, Chester, Lancaster, Westmoreland, Cumberland, Ncfrthumbcrland, Durham, 
and York. The tin streams of Cornwall have yielded a little, and very small 
quantities have been found in North Devon. 

In Scotland , it has been found in the following counties: viz., Sutherland, Aber- 
deen, Fife, Berth, Stirling, Linlithgow, Lanark, Dumfries, Ayr, Selkirk, and 
Kirkcudbright. Lanarkshire is said by Pennant to have yielded 130,000 ounces. 

In Ireland ', the gold-bearing counties are Londonderry, Autiim, Wicklow,* 
Wexford, and Kildare. A nugget weighing 22 ouuces was found in Wicklow, and 
said to he the largest ever found in Europe.f 

In Wales, the known gold- producing counties are Carnarvon, Flint, Cardigan, 
Cnorinarthen, Pembroke, and Merioneth. Until recently Cardiganshire, probably, 
lias rendered more service to the State, and profit to the explorers by the production 
of gold than any other Welsh county, although Sir II. Middleton, whilst ostensibly 
working for silver in the time of Charles I. and his “ most loyal chemist and miner- 
alogist Thomas Bushell,” did not leave on record all their knowledge respecting 
Welsh gold and its associated minerals. % Put within the last few years. Merioneth- 
shire has taken golden honours, sufficient, at least, to make them noteworthy, 
lienee an especial reference to the gold mines of that county. 

There are several claimants for the honour of having been the earliest of the 
Welsh gold-finders of later times. Mr. O'Niell, in 1836, is said to have found it at 
Cue Mawr, and Mr. James Uarvey, afterwards, at Berthllwyd. Captain Roberts 
says he discovered it before either. But, undoubtedly, Mr. Arthur Dean mnst he 
allowed to take the lead. In 1843, Mr. Dean discovered some rich gold ores at 
Cwmhcisian, and boldly stated, iu the face of national disbelief, that “u complete 
system of auriferous veins existed throughout the whole of the Snowdonian or 
Lower Silurian formations of North Wales." § 

Mr. Dean, and after him Mr. Clement, worked about 500 tons of the Cwmheisian 
minerals, and obtained at the rate of more than hull' an ounce of gold to the ton. 
The proprietor Mr. Bruin was unable to carry on the works, and then the gold 
question slumbered until ten years afterwards, when, at the Clogau mine, a pile of 
“ poor copjwr ore ” was found. This grass-grown refuse was carefully examined by 
Mr. J. C. Goodman of Dolgellcy, who discovered* that it really contained less of 
copper than of gold. Some of the stones weighing several pounds, had gold 
disseminated throughout lu one beautiful specimen, now in the possession of 
Mr. Keadwin, there is the mark of a boring-iron, which has passed through the 
Kolid gold. Some of this “ poor copper ore ” was put to the test, and Mr. Goodraau 
obtained 14 £ ozg. of gold from 100 lbs. weight. A stone weighing 3 cwt was takcu 
from the lode, stamped and sold for 5s. per pound weight. || 

Such novel and interesting facts os these naturally gave rise to the most extra ^ 
vagant expectations as to the ultimate value of the discovery. The quartz-lodes of 
the district were iudiseriminately attacked by the hammers of ardent gold-seekers. 


XT KJI11 1 ,h I Dll VMW HIIUVI Ul II IIAIUW. —II.. nil-.. . — . - _ . - 

+ “ British Gold 1 , with especial reference to llic Gold MiucsofMerioneihisiiire, 
Quarterly Journal qf Science, 'MS. _ „ _ 

t The (laid Discoveries of Merioneth . By T. A. Hcadwin, F.G.S. Iflfio. 

■ -* - - - Gold Ores iu Merionethshire v 


By K. Hunt, l-.K.S. 


By 

} Notice respecting the discovery of Go 
Dean, C\ R. British Association Uports. 18-H. 

H “ On the Occurrence of Gold ill Merionethshire. 
1K6I. 


North Walos. By Artluff 
By T. A. Roadwin, F.G.8. Brit. Jsjqc. Reports. 
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The crown got a small harvest bj granting gold-licenses, and a good deal of rash 
speculation and loss was the necessary consequence. 

Much weight was attached to Sir Uoderic Murchison’s Australian prophecy, and 
that recorded opinion of his, in the Silnria , that M the most usual position of 
gold is in quarts ose vein-stones that traverse altered paleozoic utates, frequently 
near their junction with eruptive rocks, whether of igneous or of aqueous origin. 
And 4t was a remarkable coincidence, that the gold at Clogau was found at the 
junction of the Cambrian sandstones, and the Lingula flags of the Lower Silurian rockB 
near an eruptive bar of porphyritic greenstone. 

About this time, a valuable paper appeared in the Transactions of the Geological 
Society of London, in which the geology of this problematical district is described at 
great length by Professor Ramsay, Local Director of the Geological Survey of Great 
Britain.* 

Of course, this became an era of joint-stock speculation, and bompanics were 
formed for working Clogau, Cwmheisiau. and other mines, containing, or supposed to 
contain, auriferous minerals. 

Eventually, the rich Clogau mine became the subject of two chancery suits, and 
the other mines, one alter another, collapsed, after ineffectual attempts to extract gold 
by various means of amalgamation. 

The vexed question again lay dormant until 1857 and 1858, when the Yigra and 
Clogau mines were sold by order of the Court of Chancery, and bought by Messrs. 
Readwin and Williams, who, with a few other enterprising persons, set them to work for 
copper and gold, with Captain John Parry as miue agent The Dolfrwynog, the 
Prince of Wales, and the Cambrian mines were also started to work for gold. 

About this time Professor Ramsay, referring to the discoveries of gold at these 
mines, wrote, “ In the Ural mountains, South Australia, Canada, and other parts of 
the world, gold occurs iu rocks of the same general age, and apparently under the 
same circumstances.'’! There was, however, nothing of importance discovered until 
the end of 1 858, when several hunches of gold were found in the forebreast of a 
shallow level, ou the south side of the gold-lode at Clogau, and early in the following 
year, the gold appeared associated with yellow copper-ore and telluric-bismuth, 
generally diffused throughout the lode, und visible from the top of the level to the 
bottom. 

This discovery was the signal for the resuscitation of several dormant gold mines, 
and the creation of a host of new schemes, all of which have suspended operations, 
with the exception of Clogau, in several cases, not so much on account of the paucity 
of gold, as of the difficulty of extracting it by the meaus at command. 

Tlte neighbourhoods of Dolgelloy and Bala at present ap[x>ar to comprise all the 
known Merioneth gold miues, aud the following particulars thereof are chiefly 
compiled from papers on this subject in the British Association Reports, by Mr. 
Readwin, who treats of them as being in the Dolgelley und Bala districts.]: Accord- 
ing to this writer, the Dolgelley district is bounded by the river Mawddach.thc Great 
Llawllech or Merioneth anticlinal range, and the river Cumlan, to which may he 
added a continuation of three or four miles further NE., following the junction of 
the Cambrian sandstones, aud the Lower Silurian Lingula flags of the geological 
survey, and included in the survey -maps, 75 S.E., aud the upper part of 59 N.E. 

The geological features of the district are now too well known to require more 
than a repetition of the general statement, that the rocks are of the Cumbrian and 
Lower Silurian series, forming a junction in a very sinuous course, and frequently 
cut through by narrow bauds yf porphyritic greenstone. The district is lull of 
fuulrs, aud the metalliferous veins have a general bearing N.E. and S.W., with an 
underlie to the N. 

There is a continuation of rocks of precisely the same character for a distance of six 
or seven miles, running in a N.E. direction to Castell Corn Dochun in the Bala 
district.§ 

It may be here noted, that during the various explorations, gold^ias been found 
associated with iron-pyrites, blende, galena, heavy spar, copper-pyrites, clay-slate, 
Silurian shale, quarts, telluric bismuth, tetradymitc, carbonate of lime, talcose-schist, 
iron oxide, grey copper-ore, phosphate and arsenate of lead, .and orpiment. It lias 
nUo been found in pepitas , and nearly pure in quarts, or alloyed with from 10 to 20 
per cent of silver, || and a little copper and platinum. 


* On ike Gtoiogy qf the Gold-bearing District qf Merionethshire. By Professor A. C. Ramsav. 
t Monograph in the Geologist. February. 18U. By Professor Ramsay, F.R.S. ftc. 7 

t Sim British Association Reports* IHCi, IH/J2, JAG3, IHG4, & 1805. Papers by T. A. Iteodwln, F.G.8 
S See Maps, Geol.Surv. 74 SAV. & 7ft 8.K. 

|| List of gald ores from Merionethshire, exhibited by Mr. Ucadwiu, International Exhibition, 1802. 
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A number of very beautiful and rich specimens were exhibited at the International 
Exhibition 1862. by the Vigra and Clogau Company, and Mr. Beadwin. 

For convenience, *\he Dolgelley district is divided into the following sections* 
via., Cwmheisian, Matsgwm, Berthllwydd, Cambrian, Clogau and Vigra, situate 
severally in the parishes of Llanfachreth, Trawerfynydd, Llanddwye, IJaneltyd, and 
Llanaber. 

Cwmheisian Section, At the Cwmheisian mine, there is a junction of fourteen lodes 
nearly forty feet wide, and the whole mass of lode itself is said to contain gold in 
small quantities, lilende is occasionally found very rich in gold. Mr. Dean extracted 
148 ounces from 157 J tons, and Mr. Clement 170 ounces from 300 tons. Some 
specimens have been found by Mr. Beadwin, containing as much as 87 ounces to tbe 
ton. Almost all the known methods of gold extraction have been tried at this mine; 
but owing to the great preponderance of sulphides in the mineral, none of them have 
succeeded. This is a fact to be regretted, since immense quantities of the lode itself 
could be actually quarried, and there is plenty of water-power to dress it in- 
expensively. 

Gwynfynydd mine is opposite Cwmheisian. Galena from this mine, though poor in 
silver, has assayed 8 ounces of gold to the ton. But some blende in quarts associated 
with arsenide and^ phosphate of lead and orpiment, produced gold at the rate oi 156 
ounces to the ton. llalf-a-ton of mineral from the “ DuuM-me-not-lodc” gave by 
amalgamation 9 oz. 13 dwts. of gold. There is an unusually large number of lodes 
opened on, varying in width from 1 to 66 feet, and gold can be seen in the loch s at 
the surface in 15 different places. This mine has an elevation of 300 to 400 feet, 
and bus belonging to it the beautiful waterfalls Pistil-y-cain, and the Ilhiudwr 
Mawddach ; one with a fall of 1 23 feet, the other 87, so that, commanding the water of 
the two rivers, the Cain and the Mawddach, with an unlimited quantity of mineral 
procurable by means of adits, should the bulk of the mineral prove auriferous, large 
operations, at comparatively little cost, might be curried on here, with the prospect 
of making a small quantity of gold pay a profit. 

From about five tous of lode stuff, 15jJ ouuccs of gold have been extracted. 

Gold has also been found iu small quantities at the Hatbd-y-Bach, Penmaur, Buai tlirac, 
Doledd, and Penbryu. Tyddynylwadis miue is situate exactly at the junction of tin* 
Cambrian and Low-er Silurian iwks, which is distinctly observable at the top of 
Pistil-y-Cain. This mining sett is full of faults. The galena averages 50 to 60 
ounces of silver to the ton, and from 6 to 1 1 dwts. of gold. A small string of silver- 
ore was found in the deep level in 1S65, containing 2,200 ounces of silver to the ton. 
Some moss pulled from the river side had specks of gold attached to its roots. It 
was at this mine that Mr. Beadwin first discovered a fragment of the trilohite parad- 
ox ides, many more fragments of which were found afterwards by Mr. E. Williamson 
and Mr. Plant At Ctfndwddwr, adjoining Tj ddynglwadis, visible gold is found 
apparently dispersed throughout a tine quartz lode, and has yielded eight ounces of 
gold from five tons of lode stuff. 

At the old Do/frwynog mine, specimens of decomposed quartz contained over 400 
ounces of gold to the ton. One stone weighing fifieen ouuccs gave twelve ounces of 
gold. 

The North Dolfrwynog lode-stuff has assayed 30 dwts. to the ton. Al>out 100 tong 
of alluvium from the east hank of the Mawddach, on this miue, was washed with the 
object of ascertaining whether the particles of gold found therein incrauwf in size 
from the surface to the bed-rock. This was found to be the cose. Several ouuccs of 
gold were obtained, and it is probable that tbe whole side of this mountain contains 
gold, which might be profitably worked on the erection of machinery to economise 
lubnur. 

Went Dolfricynog adjoins, and is marked on the Ordnance map, “ Turf Copper 
mine,* from the fact that a few years ago, about 110,000 worth of copper was 
sold from the ashes of peat, there burnt for the purpose. Quartz and yellow 
and grey copfcr-ore from this place have assayed six ounces of gold 1o the 
ton, and along the east bank of the Mawddach the alluvium resembles North 
Dolfrwynog. 

The Maesgwm section is on the western side of the Trawsfynydd road, nearly 
opposite Tyddynglwafcis, and includes Maesgwm, Ganllwydd. and Coed-cy-fnir. At 
(ianllwydd in 1863, several masses of quartz were found to contain visible gold. The 
Berthllwydd mcctiim includes Berthllwydd (Oefti coch), Goitref, Caegwemog, 
Caemawr, Benrhos, Tynybenrhos, and Clasdir. Berthlhcydd mine is on the summit 
of the lofty ridge behind Tynygroes, on the Trawsfynydd road irom Dolgelley. Here 
is the 44 grand champion lode ” of the district, which runs N.N.E. and S.S.W.i'or about 
a mile. AuriferonB blende and galena are the chief products, and some very rich 
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specimens have been foand, as well as pepitas and fine gold dust in the alluvium. 
The Welsh Gold company, to whom this and Goitref and Caegwernog mines be- 
long, have obtained (May 30, 1866) 666 ounces of gold froi^ 1982 tons of lode- 
stuff. At Caemawr adjoining, the first visible gold of the district is said to have 
been discovered. The lode-stuff assays 9 to 11 dwts. of gold to the ton, and the 
alluvium also contains gold. At Benthos and Tynybcnrhos % tho alluvium con- 
tains specks of gold. At Glasdir , above £15,000 worth of copper ore has been 
quarried, and extraordinarily rich specimens of auriferous copper and iron pyrites 
have been found. At the Gam mine rich gold quartz has been found by Captain 
John Parry. 

The Cambrian section includes the Cambrian mine, the Princess Alice, Moel Jspri, 
and Cwmabseifian mines, which extend along the road from Dolgelley to Barmouth. 
The Cambrian mine has produced some very rich blende ; containing at the rate of 
350 ounces to the ton. Specimens of Silurian shale have been found with the 
appearance of having been electro-gilt. This mine has been thoroughly explored, 
but without producing gold sufficient to pay for working. At Cwmabseifian, Moel 
lspri, and the Princess Alice mines, gold has been found in the quartzose lod«- 
stuff, associated with blende and iron pyrites. At the Prince of Wales mine, 
a few large blocks of blende have, been broken, containing at the rate of 456 
ounces of gold to the toll. From 5 cwts. of lode-stuff, 17 oz. of gold were obtained. 
The preponderance of sulphides here renders amalgamation at present wholly 
inoperative. 

The Mawddach river has been examined from Cwmhcisian to Llaneltyd Bridge 
by Mr. lleadwin, who found grain-gold with platin-iridium in smull quantities. 
Gold was also previously found by the Hon. F. Walpole and Sir Augustus Webster. 
Professor Ramsay suggests, with much reason, the possibility of gold being found in 
the “ marine drift.” 

The Clogau Section includes Clogau, Garthgell, Ucndrcforian, West Clogau, 
Maesclawdd and TynyromeL 

“The Clogau, St. David, No. 1 mine is certainly the richest gold mine ever 
worked in the British Islands, and may compare favourably with the quartz-reefs 
of Australia. Tuking this lode as a type of the neighbourhood, it will be well to 
describe it. 

The lode has an average bearing 15° N.E., and is intersected by a very powerful 
cross-course bearing 30° N.W. and dipping slightly S.W. The lode traverses beds 
of indurated Silurian clay-slatc, which are interstratific.l with thick beds of green- 
stone. There is also a large greenstone dyke, which is traversed by a portion of 
the lode for a length of about 60 fathoms, nntil they are intersected by a great cross- 
course. Behind this cross-course the lode is extremely rich in gold. It should be 
stated that the lode is composed almost entirely of quartz, with here and there 
some carbonate of lime. Throughout the quartz, yellow copper ore is in small 
quantities, disseminated, as well us gold. Where the gold is most abundant, 
telluric bismuth in fine silvery white grains is generally present, and an opinion 
prevails that whenever that mineral is met with, gold is near at band. It was 
commonly supposed that gold is only to be found near the surface. Mr. Dean bus 
favoured us with some notes on this point, which arc exceedingly important if all 
the conditions have been correctly observed. Without comment Mr. Dean’s own 
words ire given . — 

The opaque white quartz floors, which are comparatively poor in gold, alternate 
with others of a greenish white colour, very dcnBc, and of a shining conchoidal 
fracture ; the latter are the rich gold-bearing floors : we have, therefore, alternate 
rich and poor floors. From the dip of the floors the deposits of gold npjK'ar indi- 
vidually to dip eastwanl, but, as the bands of clay slate forming the walls of the lode 
below the greenstone dip westward down to the cross course, the succession of bunches 
of gold in the alternate floors of greenish quartz follow the dip of the clay-slate. 
This is an important point in the relation to the recurrence of rich deposits of gold 
in depth below the present bottom. This quotation sufficiently indicates the hypo- 
thesis that, with a recurrence of the same conditions in depth, rich, or perhaps richer, 
deposits of gold may be met with. There is a very close analogy between gold and 
tin. It was an opinion, held with much obstinacy for a long }H»riod, that tin would 
never be found deep in the earth. Experience has now proved tho fallacy of this, 
for the most abundant deposits of tin are now worked at depths of between 200 and 
300 fathoms.* 

The most remarkable item in Welsh gold statistics is the fact of 9,363 ounces of 

* “ British Cold, with Especial Reference to the Gold Mines of Merionethshire." by Robert Hunt, 
F.B.S. Quarterly Journal of Science* 18C5. 
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gold having been obtained from less than 40 tons of quarts. It was here that the 
“ poor copper ore ” referred to was found, from which some 20 tons had been picked, 
sampled, and sold as ‘^copper ore," and probably several thousands of ounces of gold 
were contained in it The St. Helen smelters made no report, but offered an 
advance of 5*. a ton for as much more of it as could be raised. A discovery of rich 
gold in another lode has recently been made of a similar character to the St. David's 
lode. 

The gold obtained from the mine by the present Company, to May 30, 1866, is 
1 1,663 ounces from 5,063 tons of quarts, averaging about 42 dwts. to tne ton. This 
mine has had the novel merit of paying dividends beyond the original cost of the 
shares. At GarthyeU the St David's lode has been thrown and not retraced, at 
T'yni/comel this lode has not been opened on, and at llendrefoi'ian and Maesclawdd, 
the lode-stuff is auriferous, but few explorations have been made. At West CUtguu 
(Llachfraith), 1 # ton of lode stuff gave 17 dwts. of gold. Some profitless work has 
been done here. Mr. Read win found visible gold here at nearly 150 fathoms lower 
than the upper level at St David's lode. 

^ The Viyra section includes Vigra, Tyddyndu, North Vigra, Nantcoch, Wellington, 
Facliynys, and Llanaber mines. At all these mines the lode-stuff is auriferous, but 
it has not yet been found of commercial value. 

Bala district. At the present time (18G6) the gold discovery here is chiefly 
confined to Castell Carn Dochan mine, near the beautiful lake of Bala (Uyn Tegid) 
on land belonging to Sir Watkin W. Wynn, Bart. 

This mine is situated about five miles from Bala, on the N.W. side of the tnrnpike 
road leading to Doigellcy, and about two miles from the village of Llunuwchilyn. 
There is one auriferous lode very remarkable. It runs nearly N.E. and S.W. and 
has a dip to the S. This lode is exposed to view for about twelve fathoms, showing 
specks of gold nearly the whole distance. The lode stuff is generally free from 
sulphides. The quartz, unlike Merioneth quartz, rLwmbles that at Clunes, in 
Australia, and some boulders have been broken up and found to contain specks of 
visible gold throughout. The upper portion of the lode appears to have slipped over 
the lower, and down the face of the hill, leaving behind it a record of where it hud 
been, in characters of gold, l^argc loose musses of greenstone have been found, 
having incrustations of quartz spangled with gold. The debris yielded gold of 
equal value with the lode-stuff. This mine has been properly opened, improved 
reduction machinery erected, and lias made regular monthly returns of gold. The 
quantity of lode-stuff reduced is 3,500 tons, and gold produced 1,606 ounces 
(Dec. 1866). 

A brief reference to the various modes of gold-extraction used in Merionethshire 
will be interesting. 

In the earlier stages of gold-mining (1843) at Cwmheisian, the ore was finely 
stamped and concentrated by washing apparatus, and afterwards amalgamated by 
arastras or smelted. After this the gold-mines lay dormant until the Californian 
discoveries in 1853, when rich gold quartz was at the same time found at Clogau. 
The amalgamating machines of Britten and Berdan were then introduced ; hut it 
was soon found impossible to work auriferous sulphides indiscriminately by tri- 
turation iu quicksilver. A good deal, however, of the rich ore at Clogau was treated 
in this way with very profitable results ; but in sonic cases rich ore yielded only a 
small portion of its contained gold, and generally much gold was found in the 
“ tailings." Washing apparatus was erected at the Cambrian mine, on the Marmatu 
plan, but with no satisfactory results. This method was improved by Mr. Belt 
at the Prince of Wales mine by the addition of. shaking tables, and troughs of 
quicksilver ; but the process only partly succeeded, there bciug very little 
gold in the stuff, and that little associated constantly with heavy sulphides. Barrel 
amalgamation had been previously tried here, at a great cost, but failed for the 
same reason. 

A mode of trVtnrating the ores in quicksilver, having all the vices of Berdan, and 
none of its virtues, was introduced at the old Dolfrwytiog mine, together with an 
old plan of forcing the ground ore through a body of quicksilver. It is not publicly 
known whether this proceeding was a total failure or not No gold appears to have 
been accounted for, although some of the richest ore in Wales was tbund at tie's 
miuc at the time: The sluice-box principle wus adopted at North Dolfrwynog on 
the alluvium, with the object referred to ; but it was discovered that much more 
gold was lost than gained by the pursuit, and it was discontinued. 

Mitchell’s amalgamators were next introduced at Cwmheisiau, which were vessels 
of quicksilver, through which the ground mineral was intended to be _ forced 
by means of a succession of screws, in order that the particles of gold might be 
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presented to the greatest possible surface of qnicksilrer, and for a long period 
of time. This plan was found utterly useless with minerals containing sulphides 
in excess. 1 

Sloper’s plan of separating the metals by specific gravity was also tried on the 
alluvium by the patentee, at North Dolfrwynog, and flailed. 

In 1862, Mr. Mosheimer introduced his machinery at GarthgcU, Clogau, Cwm- 
heisian, and Castell Cam Docban. After stamping the minerals in the usual way, 
Mr. Mosheimer at that time proposed to grind them in his horizontal pans with 
heated quicksilver, adding chemicals, occasionally, for the purpose of liberating 
the gold from the sulphides. At Cwmheisian this plan was useless because of 
the sulphides. The quicksilver constantly became “sick,” dragged in strings 
after the mullers, and lost apparently all its natural affinity for gold. Only a 
very small portion of the contained gold was extracted, and the rest left in the 
tuilings. o 

At Clogau and Castell Cam Docban, however, the results have been very different. 
The quartz lodes at these mines ore comparatively free from sulphides, there is a 
little bismuth sulphide found at Clogau, and a little iron sulphide at Castell Curn 
Docban— but at both mines, without heating the quicksilver, or introducing 
chemicals, the gold is practically all extruded ; from the ip'cher minerals by 
Britten's, and from tne bulk by Mosheimer’s machines, and probably this plan will 
not be superseded. 

At the present time (Dec. 18G6) the gold reduction works at Castell Cam Dochan 
are the most complete. There, the ore-stuff ns it comeB from the mine is taken 
direct to the stumps, reduced very fine, the metalliferous particles concentrated on 
blankets, the blanket sand further concentrated, and then amalgamated in the 
“ Moslieimers ” and “ Brittens.” All the waste water, &c. passes into shaking boxes 
containing quicksilver, and thence through n series of Hungarian puns, such as are 
used at Schemnitz. The gold here being all free, scarcely a trace of gold is ever 
found in the tailings. The same plan, with some modifications, is successfully used 
at Clogau. 

A long experience has now elicited that sulphides of lead, arsenic, antimony, 
zinc, bismuth, &c. will frequently so envelope small particles of gold with a film or 
tarnish, that quicksilver cannot touch it. The trituration of such sulphides in 
quicksilver generally destroys its fluidity and amalgamating power, or reduces it to 
minute globules, which, owing to the tarnish they also have by some means acquired, 
refuse to re-unite, and are consequently washed away with the “tailings/* lienee 
a great Iosr of both quicksilver and gold, because generally these miuute globules, 
so washed away, are really gold-amalgam. Again, the quicksilver of commerce is 
very seldom in a fit state for complete amalgamation, even of free gold, and it is well 
known also that the slightest quantity of greasy matter will tarnish and render 
useless until rcdistillation a large quantity of quicksilver. 

In 1865, Mr. W. Crookes, F.R.S. the discoverer of thallium, proposed to remedy 
the evils attendant on the trituration of sulphides and arsenides in quicksilver by the 
introduction of sodium. 

In laboratory experiments the effects of Mr. Crookes’ discovery were very 
conspicuous. 

1. A small quantity of sodium amalgam added to ordinary quicksilver greatly 
increased its brightness and affinity for gold. 

2. A bar of gold completely covered with tallow dipped into quicksilver containing 
sodium was instantly amalgamated. 

3. Greasy (“sickened”) quicksilver was instantly made bright and clear by the 
addition of the sodium amalgam. 

4. “Floured” quicksilver immediately collected on the introduction of a small 
quantity of the sodium amalgam. 

These novel facts induced Mr. Readwin to put the invention to a crucial test, 
at the Gwynfynydd mine. He thus writes, “ I have made a series* of experimental 
trials, which have given me some confidence in the utility of Mr. CrookeB* invention. 
I selected for trial such auriferous minerals from Cwmheisian, Tyddynglwadis, North 
Dolfrwynog, Gwynfynydd, Glasdir, and other places, that have always heretofore 
cither sickened the quicksilver, or refused to give up, by Amalgamation, the gold 
known to be contained in them by analysis. In no one instance, during these 
experiments (some of which were of 48 hours duration), did I derange the quick- 
silver in operation, and in every instance I obtained gold from it, on distillation. 
The quantities of gold, of coarse, varied with the samples of minerals treated, and 
uid not in any way affect the value of the experiments, the object of which was 
chiefly to grove whether heterogeneous minerals could be treated by this method. 
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when they would not submit to other tried meth<>dn. The most remarkable, and in 
my opinion the most important, effect of the sodium, was seen in an experiment on 
i)6 lbs. of mixed minerals ft ora one of the Gwynfynydd lodes. The gold in this lode 
is often visible and associated with sulphides of lead, xinc, and arsenic. Quicksilver 
in its ordinary state was first used in this experiment, which shortly became 
completely “sickened” by yellow sulphide of arsenic (orpiment) and completely 
coated the “ Britten ” machine with arsenic amalgam . Whilst in this state, sodium 
amalgam of about three per cent strength was introduced, the quicksilver soon 
recovered its fluidity, became quite bright and clear, and on distillation yielded 
nearly two ounces or gold. I made many other experiments, and in practice found 
that, although I was always able to obtain gold by the use of sodium when I could 
not obtain it otherwise, I discovered that an excess of sodium predisposed the 
quicksilver to take up other metals to the partial exclusion of the one most particu- 
larly desired ; bpt in all cases the quicksilver was kept quite bright and clear, and on 
washing out the machines, the subdivided particles were most rapidly reunited, a 
circumstance of itself of the greatest importance.* 

Mr. Readwin believes that native lead exists to a considerable extent in some of 
the minerals, and he shows that the prevalence of galena, &c. is the greatest hindrance 
in amalgamation. • If this be so, and the lead can be taken Jut of the concentrated 
ores before amalgamation without losing the gold and silver, the plan may possibly 
render amalgamation of the residue practicable. Mr. Peter Spence, of Manchester, 
proposes to calcine the sulphides containing galena till completely oxidised; a portion 
of the galena is thus converted into sulphate of lead, and a portion into oxide of lead. 
This oxide and sulphate of lead is then washed in a solution of carbonate of soda, 
and the sulphate is converted into a carbonate. The calcined ore is then put into a 
solution of caustic alkali, the mixture is stirred for a short time, the solution taken 
off, and more solution added whilst the oxide of lead remains ; the various solutions 
added together are allowed to settle, and when perfectly clear, drawn off into a vessel 
into which carbonic acid can be tlurown into the solution and absorbed by it; as the 
carbonic acid becomes absorbed by the solution, the soda becomes carbonated, and 
white lead is deposited. 

Now Mr. Spence undoubtedly can convert the sulphide into carbonate of lead, 
as he proposes, hut at present it is impossible to say to what extent the process may 
affect the value of anriferous and argentiferous minerals. Mr. Spence asserts posi- 
tively, that by his process the lead in any ores can be converted into white lead, 
leaving the residual and accidental products for after-treatment, according to their 
nature and value, and this in a rapid and inexpensive manner. 

As to the profitable working of auriferous minerals in Wales, Mr. Readwin writes: 
“ After several years of experimental effort to work the gold minerals to a profit, I 
am more fixed in my opinion than ever, notwithstanding the equivocal position the 
subject holds os a commercial pursuit, that gold mining can and will be made re- 
munerative, if certain essential and natural conditions prevail at the respective mines : 
firstly, there must he a large and continuous quantity of the auriferous mineral 
cheaply obtainable by means of adits and tramways ; secondly, there mnst be efficient 
water-power available on the spot; thirdly, there must be no more cats about the premises 
than will catch mice. Under such circumstances, provided forty or fifty tons can be 
raised per diem, a quarter of an ounce of gold to the ton ought to pay all costs of 
reduction, and I think it would. Many of the difficulties of amalgamation can now 
be overcome, by the use of sodium or potassium, in some such way os patented by 
Mr. Crookes. ”f 

It remains to be proved whether, after Mr. 8penc<?s process, the minerals can be 
further utilised. It seems reasonable to suppose this possible. If the ores contain- 
ing sulphur are found in quantity, and concentrated so as to lessen the cost of transit, 
then calcined, the lead sulphide converted into carbonate, the sulphur collected, the 
sine-oxide (if any) made into spelter ; the residual products thus obtained at an in- 
considerable cost may contain the precious metals in quantity sufficiently valuable 
to amalgamate either with or without the use of sodium, as proposed by Mr. Crookes. 
At all events, another step appears to have been gained towards the solution of tlio 
problem, “ Can British gold he worked to a profit? ” 

The following return! of gold raised in Merionethshire are approximately 
correct: — • 

* Since the above experiment! were tried, Mr. Cronkn has improved hi! procem, and thus avoids the 
111 effect* of an excess of sodium, the improvements have met tho approvals of Dr. W. Allen Miller 
and other high authorities. « * . „ 

t •• On the Recent Discovery of Gold at Gwnfjmydd. By T. A. Readwin, F.G.8. British 
Association Report s, 1H66. • 

Vol. II. L L 
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torn. 

cwt. 

art. . 



OS. 

dwti. 


1 

4 

0 from River Mawddach gave of gold 

. a 

O 

0 

100 

0 

0 

Alluvium - 

99 

5 

0 

0 

5 

0 

0 

Cefndwddwr 

99 

8 

0 

0 

5 

1 

3 

Gwynfynydd 


15 

15 

12 

50 

0 

0 

Cambrian - 


30 

0 

0 

20 

0 

0 

Prince of Wales - 

1* 

63 

0 

0 

312 

1 

2 

Dolfrwynop 

99 

167 

5 

5 

50 

0 

0 

Clogan (prior to I860) 

tf 

200 

0 

0 

487 

0 

0 

Cwmheisian 

9% 

384 

0 

0 

1,982 

8 

1 

Cefn Coeh ( Welsh Gold Co.) 

666 

6 

2 

3,500 

0 

0 

Castcll Cam Dochan (Jane 30) 

1,606 

0 

0 

5,140 

0 

0 

Clogan (since 1860) 

* 

11,850 

0 

0 

11,652 

14 

6 



14,947? 

6 

19 


The following statistics of gold will be found of interest 

Gold exported from Victoria in 1864:— 

nil., dwti. 

From quarts veins - ..... 503,668 5 

Alluvial workings «... 1,041,831 10 

1,545,449 15 

In addition to the above, 311,767 ozs. 19 dwts. of New Zealand gold have been 
shipped from Victoria daring tbc year. 

The following, as illustrating the value of the auriferous qnnrtz worked in the 
colony of Victoria, is valuable. It is published in the Mineral Statistics of Victoria 
lor 1864, by R. Brough Smyth, Secretary for Mines. 


Average yield of Geld from certain parcels of Quartz crushed in 1864 in the various 
Mining Districts of Victoria. 


Mining districts. 

Tons 

crushed. 

Total 

produce. 

Average yield 
per ton. 

Ballarat - 

Beech worth - 

Sandhurst - 

Maryborough - 

Castlemaine - 

Ararat 

Total 

308,323 

70,158} 

142,428 

109,1271 

167,1224 

46,356} 

oss. dwts. 

72,203 17 

83,083 13} 

69,107 6 

66,809 1} 

116,852 0 

25,925 18 

oxs. dwts. prs. 

0 4 1C} 

1 3 162- 

0 9 lCijf 

0 12 5} 

0 13 23!j 

0 11 4 

843,515} 

433,981 16 

o io 6}; 


From 1859 to 1864, 2,409,987*3 tons of quart* have been crashed, giving an average 
of 12 dwts. 10'123 grs. of gold per ton. 


Average yield of Gold from certain parcels of Quartz Tailings , Cement, Mullock , Src. 

crushed in 1864. 


Mining districts. 

Tons 

crushed. 

Total 

produce. 

Average yield 
per ton. 

Ballarat ----- 

51,566 

oss. dwts. 
4,412 9 

os. dwts. grs. 

0 1 17 

Beechworth - 

1,497 

209 2 

0 2 19 

Sandhurst - 

82,659 

20,167 5 

0 4 21} 

Maryborough - - - - 

47,076 

14,767 19 *' 
13,881 19 ' 

0 6 6} 

Castlemaine .... 

59,577 

0 4 15$ 

Ararat - - - - - 

14,403 

4,165 14 

0 5 18§ 

Total 

256,778 

57,604 8 

0 4 11} 
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* Quantity of Gold exported from Victoria. 


1858 - 






oss. 

- 2,555,263 

dwtk 

1859 - 

- 



- 


- 2,280,525 

- 2,128,466 

14 

1860 - 

- 



- 


11 

1861 * 

- 



- 


- 1,978,864 

13 

1862 - 

. 



- 


- 1,662,448 

18 

1868 - 

- 



- 


- 1,420,302 

— 

1864 - 

- 

- 


- 

- 

- 1,545,449 

15 


* Quantity of Gold exported from New South Wales. 

Value. 


1858 - 

_ 

oss. dwt*. 

- 13,963 11 

£. 

51,999 

s. 

18 

1859 - 

. 

- 21,178 11 

»8 1,504 

— 

1860 - • - 

- 

- *- 81,830 15 

115,290 

— ■ 

1861 - 

• 

- 50,898 12 

191,234 

— 

1862 - 

- 

• 31,635 18 

112,949 

10 


Return of the Quantity and Value of Gold exported from New Zealand from the 1*/ of 
April 1857, to 30 th Scpteml/er 18G3. 


Port of 
Export. 

Produce 
of Gold 
Fields in 
the Fro- 
vlnce of 

During the Quarter ended 30th September 1963. 

Exported pre- 
viously to 30lh 
June 1863. 

Total Exported 
from New 
Zealand to SOtli 
September 
1863. 

4 

gj3d 

flh 

To 

Victoria. 

H 

fill 

6 B. 

Total. 

Quan- 

tity. 

Value. 



os. 

OS. 

os. 

ns. 

os. 

ns. 

£ 

os. 

£ 

ox. 

£ 

Auckland 

Auckland 

. . 

1,141 

. - 

• 

. • 

1,141 

3,540 

4,G91 

15,061 

5,832 

18.601 

Nelson 

Nelson 

- . 

2,016 

• ■ 

- - 

• . 

2,016 

7,811 

57.064 

221.122 

59,080 

22S.933 

Dunedin 

Otago 


358 

133,003 

3 

- - 

133,364 

516^99 932,567 

3,613,775 

1.065,851 

4.130 174 


Total 

- - 

3,415 

133,003 

3 

! 

13G.421 

527,750:994,342 

3,849,958 

1,130,763 

4,377,708 


Computed Real Value of the Registered Imports of Gold into the United Kingdom 
from various Countries, 


Countries from which Imported. 


18*8- 


1850. 


i860. 



Russia v - 

tlansn Towns - 
Holland - 

Belgium - 

France - . - 

Portugal, A acres, and Madeira 
Spain and Canaries * 

Gibraltar - - - 

Malta .... 

Turkey - - - 

West roast of Africa - 

British Possessions In 8. Africa - 
Australia - - - 

British Columbia 
British N. American Provinces - 
Mexico, South America (elcept > 
Brasil) A W. Indies - • J 

Brasil - 

United States .... 
Other countrlos - 


Total 


£ 

1,448,129 
1,490,8*0 
43,014 
89,m 
CM 4)01 
lS-%878 
16,863 
88,0*29 
31,470 
85,906 
1 , 2814 ) 8 * 
110,679 
11,405 
9,064,768 
3,668 
150 

9 , 465^57 

1,383,653 

4,503,464 

68,74 1 

|«i7W t 186 


£ 

3,070,066 

3514117 

16,70* 

11,356 

986,546 

77,923 

7,116 

5,191 

8,056 

146,020 

167,694 

97,079 

8,847 

8,684,566 

116,902 

1,337,338 

401.368 

7,909.342 

4,372 


122,397,698 1 


£ , 

165,468, 

25,402' 

341,177, 

2,522 
7,595 
3,094 
31,513 
1,924 
12,322 
91,131 
17/931 
6,719,000 
7,0001 
25.636] 

996,9*1 
183,007 
3,917,755 

9,203 

12,584,68412,1(3,937 


L I. 2 
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Table Qf the quantities of Gold which may be considered at haring bem brought into 
the European market, every year on an average, from 1790 to 1802. 


Continents. 

Gold. 

Ancient Continent. 

Asia : — Siberia - -- -- -- - 

Africa - -- -- -- -- - 

Europe: — Hungary- ------- 

Sslsbourg ------- 

Austrian States, Harts and Hessia, Saxony, Nor- 
way, Sweden, France, Spain, dec. - 

lbs. Avoir. 

3740 

8300 

1430 

165 

165 

t 

Total of the Ancient Continent ------ 

8800 

New Continent. 

North America- * - - - - - 

South America : — Spanish dominions - - - - 

Brasil ------- 

, 

« 2.8 GO 

22,000 
15,400 

Total of the New Continent ------ 

40,260 


The mines of America have sent into Europe three and a half times more gold, and 
twelve times more silver, than those of the ancient continent. The total quuntity of 
silver was to that of gold in the ratio of 55 to 1 ; a very different ratio from that which 
holds really in the valne of these two metals, which is in Europe as 1 to 15. This 
difference depends upon several causes, which cannot be investigated here at length ; 
but it may be stated, that gold, by its rarity and price, being much less employed in 
the arts than silver, the demand for it is also much less ; and this cause is sufficient 
to lower its price much beneath what it would have been, if it had followed the ratio 
of its quantity compared to that of silver. Tims also bismuth, tin, &c.. though much 
rarer than silver, arc, nevertheless, very inferior in price to it Before the discovery 
of America, the value of gold was not so distant from that of silver, because since that 
era silver has been distributed in Europe in a far greater proportion than gold. In 
Asia the proportion is now actually only 1 to 1 1 or 12 ; the product of the gold mines 
in that quarter, being not so much below that of the silver mines os in the rest of the 
world. 


The total annual production of gold — exclusive of California and Australia — at 
present, has been estimated as follows : — 

- lbs. avoirdupois®. 


From the ancient Spanish colonies of America 
Brasil ...... 

Europe and Asiatic Russia 
The Indian Archipelago - 
Africa ...... 


- 22,533 
1,300 

- 13,433 

- 10,183 

- j|0,300 

77~749 

* or about 34 J tons, 

without taking into account the quantity of gold now extracted from silver. 


Report of the production qf Gold in California since its discovery. 


* £ £ 


1848 - 

11,700 

1854 - 

- 14,100,000 

1860 '- 

- 9,400,000 

1849 - 

- 1,600,000 

1855 - 

- 13,400,000 

1861 - 

- 10, 25,000 

1850 - 

- 5,000,000 

1856 - 

- 14,000,000 

1862 - 

- 9.545,500 

1851 - 

- 8,250.000 

1857 - 

- 13,110.000 

, 1863 - 

- 8,750,000 

1852 - 

- 11,700,000 

1858 - 

- 11,458,375 

186\- 

- 9,435,500 

1853 - 

- 12,500,000 

1859 - 

- 11,560,000 



The history of the production of gold in California and the States of the Union, is 
told up to the date given in the following tables. These have been supplied for this 
work by the obliging kindness of the late Mr. Rockwell, of Washington. Of late 
years, especially during the war, but little that is reliable has been published. 
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Total - - 1,479,785*50 4,400,373 ! 535,492 2,374,793*50 ' 35,568 254,944 48,397 | 226,839,521*02 95,740 235,864,6 14*G2 
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?• Branch Mint, San Francisco. 



4. Branch Mint, Charlotte, North Carolina. 


1838 to 1847 

1848 . 

1849 . 

1850 . 

1851 . 

1852 . 

1853 . 

1854 . 

1855 . 

1856 . 

1857 to June 30 


North Carolina. 

South Carolina. 

Dollar*. 

Dollar*. 

I,5i9,777 

143,941 

359,075 

11,710 

378,223 

12,509 

307,289 

13.000 

275,472 

25,478 

337,604 

64,934 

227,847 

61,845 

188,277 

19,001 

196,89403 

14,277 17 

157,355-18 

. 

75,696*47 

- 

4,033,189*68 

366,695*17 



DoIIhh. 

1,673,718 
370,785 
390,732 
320,289 
31 6, 061 
430,900 
305,157 
213,606 
216,988*86 
173,592*53 
75,376*47 


87,321*01 4,487,205*86 



5. Branch Mint, D&lilonega, Georgia. 
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6. Assay Office, New York. 


Mod. 

Virginia. 

North 

Carolina. 

South 

Carolina. 

Georgia. 

Alabama. 

7m- 

California. 

aSSsJ 

ISM 

1895 

1896 
1887 to 

June 30 

Dollar*. 

1(17 

3,370 

1,928 

} I.MI 

Dollar*. 

3,916 

8,750 

805-07 

1.689 

Dollar*. 

899 

7.620 

4,092*29 

2.663 

Dollar*. 

1,242 

13,100 

41,101*28 

10,451 

Dollar*. 

"850* 

233-62 

1,545 

Dollar*. 

bollar*. 

9,221,457 

25,029.89611 

16^29,008-90 

9,899,957 

Dollars., ijullant. 

- - | 9,227,177 

1600 25,0*4.681', Ml 

- - -16,982.129*16 

- - 1 9.917,836 

Total 

10,906 

10,160-07 

14.730*29 

65,894*28 

2,128-62 

- - 

GO.076^19-01 

1600 |60, 781 ,828*27 


Summary of the entire Deposits of Domestic Gold at the United States Mint and 
Branches from 1804 to the 30 th June 1857. 


• a 


Virginia - 
North Ca ollna 
South Carolina 
Goorgla . 
Tennessee 
Alabama - 
New Mexico - 
California 

Other Sources 

Mint*. 

TutaL 

Philadelphia. 

San Fron- 
cIhuu. 




Assay Office. 

bollnri. 
1.479,785-56 
4,4000173 
935,492 
2^74.793-50 
39 JIGS 
51,944 
48.397 

226,839,921*62 

95,740 

Dollari. 

73,438,763-GO 

Dollar*. 

74*1 

16.217 

3,968 

2,719 

77,282 

21,606,461*54 

7,290 

Dollar*. 

4,033,189*68 

3GG,G95*17 

87,321-01 

Dollars. 

92,629-82 
270,238-91 
4,137,773*98 
42.01 2 '4 V 
50,629*9 

1,224,712-82 

991* 

boll arn. 
10,996 
10,160-07 
14 730*29 
63,894*28: 

* 2,l!»-62j 

60,670,319*01 
1,600 | 

Dollar*. 

1,490.781*90 

8,937,093-37 

1,203,373*37 

6,018,142*76 

80,299-42 

193.981 M 
4R397- 

383 f .473,099-G0 

109.981 

Total . . 

235,864,614-62 

73, 438, 763* GO 

21,790,391*94 

4,487,209- 8u 




Exports of gold and silver bullion from the United States, as shown by the annual 
official reports on “ Commerce and Navigation,” by the Secretary of the Treasury of 
the United States. (Prior to 1855, the reports do not show separately the coin from 
the bullion, and in the following years silver is not separated from gold, but almost the 
entire amount was undoubtedly gold.) 

Dollar*. Dollar*. 

1855 - - 34,114,985 

1856 - - 28,689,946, of which from S. Francisco, 6,947,401 

1857 - - 31,300,980 „ 9,922,257 

The gold, the production of Foreign Countries, imported into the United States for 
the years ending 30th J une, was as follows : — 


Year. 

1852 - 

1853 - 

1854 - 

1855 - 

1856 - 

1857 - 

1858 - 

1859 •- 

1860 - 
1861 - 
1862 - 

1863 - 

1864 > 


Bullion. 

Coin. 

£608,257 

£3,049,802 

468,044 

1,962,312 

1,71*0,71 1 

1,311,253 

404,217 

688,585 

114,289 

876,046 

151,585 

6,503,051 

179,875 

3,496,730 

1,125,850 

976,057 

1,010,751 

1,732,010 

982,000 

2,500,500 

1,725,000 

1,649,000 

989,525 

897,550 

1,349,600 

1,025,750 


Gold , metallurgic treatment of — The gold found in the sauds of rivers, or in 
auriferous soils, need not be subjected to any metallurgic process, properly speakings 
The gold seekers separate it from the sands, by washing them first upon inclined 
tables, sometimes covered with a cloth, and then by hand in wooden* bowls of a 
particular form. The methods of working vary iu different localities. The people 
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called Bohemians, Cigans, or Tehinganes, who wash the auriferous sands in Hungary, 
employ a plank with 24 transverse grooves cut in its snrfac?. They hold this 
plunk in an inclined position, and pnt the sand to he washed in the first groove; 
they then throw water on it, when the gold, mixed with a little sand, collects 
usually towards the lowest furrow. They remove this mixture into a flat wooden 
hasiu, and by a peculiar sleight of hand separate the gold entirely from the sand. 
The richest of the auriferous ores consist of the native gold quite visible, disseminated 
in a ganguc, but the veins are seldom continuous for any length. The other ores of 
this district are auriferous metallic sulphides, such as* sulphides of copper, silver, 
arsenic, &c^ and particularly iron. 

The stony ores are first ground in the stamping mill, and then washed in hand- 
basins, or on wooden tables. 

The auriferous sulphides are much more common, but much poorer than the former 
ores ; some contain only one 200,000th part of gold, and yet they may be worked wilh 
advantage, when treated with skill and economy. 

The gold of these ores is separated by two different processes ; namely, by fusion 
and amalgamation. 

The auriferous metallic sulphides are first roasted ; then melted into mattes, which 
are roasted anew ; nextf fused with lead, whence an auriferous lead l is obtained, which 
may be refined by the process of cupcllation. 

When the gold ores are very rich, they are melted directly with lead, without pre- 
liminary calcination or fusion. These processes are however little practised, because 
they are less economical and certain than amalgamation, especially when the gold ores 
are very poor. 

If these ores consist of copper pyrites, and if their treatment has been pnshed to the 
point of obtaining auriferous rose copper, or even black copper including gold, the 
precious metal cannot be separated by the process of liquation, because the gold, 
having more affinity for copper than for lead, can be but partially run off by the latter 
metal. For these reasons the process of amalgamation is far preferable. This process 
being the same lor silver, we reserve its full description for that metal. See Silver. 

The rich ores in which the native gold is apparent, and merely disseminated in a 
stony gangue, are directly tritnrated with quicksilver, without any preparatory opera- 
tion. As to the poor ores, in which the gold seems lost amid a great mass of iron, 
sulphide of copper, &c., they are subjected to a roasting process before being amal- 
gamated. This process seems requisite to lay bare the gold enveloped in the Bulphurcts. 
The quicksilver with which the ore is now ground seizes the whole of its gold, in 
however small quantity this metal may be present. 

The gold produced by the refining process with lead is free from copper and lead, but 
it may contain iron, tin, or silver. It cannot be separated from iron and tin without 
great difficulty and expense, if the proportion of gold be too small to admit of the em- 
ployment of muriatic acid. 

By cupellation with lead, gold may be deprived of any antimony united with it. 

Tin gives gold a remarkable hardness and brittleness ; a piece of gold, exposed for 
some time over a hath of red hot tin, becomes brittle. The same thing happens more 
readily over antimony, from the volatility of this metal. A two-thousandth part of 
antimony, bismuth, or lead destroys the ductility of gold. The tin may be got rid of 
by throwing some corrosive sublimate or nitre into a crucible, containing the melted 
ailoy. By the first agent, percbloride of tin is volatilised; by the second, stannata 
of |K)ta8h forms, which is Ciirried off in the resulting alkaline scoriso. 

Gold treated by the process of amalgamation contains commonly nothing but a little 
silver. The silver is dissolved out by nitric acid, which leaves the gold untouched ; 
but to make this parting with success and economy on the great scale, several precautions 
must be observed. 

If the gold do not contain fully two-thirds of its weight of silver, this metal, being 
thoroughly enveloped by the gold, is partially screened from the action of the acid. 
Whenever, therefore, it is known by a trial on a small scale, that tne silver ib much 
below this proportion, we must bring tbc alloy of gold and silver to that standard by 
adding the requisite quantity of the latter mctaL This process is called q imitation. 

This alloy is then granulated or laminated ; and from twice to thrice its weight of 
snlphuric or nitric acid is to be boiled upon it ; and when it is judged that the solu- 
tion has been pushed as fiir as possible by this first acid, it is decanted, and new acid 
is poured on. Lastly, after having washed the gold, some sulphuric acid is to be boiled 
over it, which carries off a two or three thousandth part of silver, which nitric acid 
alone could not dissolve. Thus perfectly pure gold is obtained. 

The silver held in solution by the sulphuric or nitric acid is precipitated in the me- 
tallic state by copper, or in the state of chloride by sea- salt. See Assay, Metallurgy. 

Gold has less affinity for oxygen than any other metal. When alone, it cannot be 
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oxidised by any degree of heat with contact of air, although in combination with other 
oxidised bodies, it m^y pass in a state of an oxide, and be even vitrified. The pur- 
ple smoke into which gold leaf is converted by an electric discharge is not an oxide, 
for it is equally formed when the discharge is mode through it in hydrogen gas. There 
ore two oxides of gold ; the first or protoxide is a green powder, which may be ob- 
tained by pouring, in the cold, a solution of potash into a solution of the metallic 
chloride. It is not durable, but soon changes in the menstruum into metallic gold, 
and peroxide. Its constituents are 96*13 metal, and 3*87 oxygen. The peroxide is 
best prepared by adding magnesia to a solution of the metallic chloride ; washing the 
precipitate with water till this no longer takes a yellow tint from muriatic acid ; then 
digesting strong nitric acid upon the residuum, which removes the magnesia, and leaves 
the peroxide in the form of a black or dark brown powder, which seems to partake 
more of the properties of a metallic acid than a bask It contains 10*77 per cent, of 
oxygen. For tne curious combination of gold and tin, called the Puhplk Puecipitatk 
of Cassius, see Cassius, Pigments. 

GOLD, ALLOYS OF. See Alloy. 

GOLD, AMALGAM. See Amalgam. 

GOLD-BEATERS* SKIN. This skin is prepared from the external or peritoneal 
coat of the emeum or blind gut of neat cattle. The worknftn separates and turns 
over the portion which encircles the junction of this poach with the rest of the 
intestines, and draws it off inverted from the other coats to the length of 25 or 
30 inches. It is then immersed a short time in a weak solution of potash, and is 
cleaned by scraping upon a board with a knife. When thus well cleaned, and by 
soaking in water, the piece is stretched upon a kind of frame from 40 to 50 inches 
in length and 11 inches wide, and made of two uprights held together by two cross- 
pieces having longitudinal grooves two and a half lines in width. The surface of 
the membrane, which was outside in the animal, is placed in contact with the upper 
part of the frame ; it is Btretched in eveiy direction, and is glued to its rim. Another 
membrane is then stretched above the first with its external surface placed upwards, 
and is attached to it by glueing around the edges. When dry, the membranes are 
separated by rumiing a sharp knife along the grooves. Each strip is then glued 
upon a frame similar to the first one, but without a groove, and is washed over with 
a solution composed of— 

Alum --------l ounce. 

Water -.-2 quarts. 

When the surface is dried, a sponge dipped in a concentrated solution of fish-glue 
in white wine, rendered aromatic by cloves, nutmegs, or camphor, is passed over it. 
When this coating is dried, it is covered with a coat of white of eggs, and the strip 
iB cut in pieces 5f inches square, which are then smoothed out under a press, and 
made up into leaves. 

A body is given to the pieces of gut ; that is, they are moistened with an infusion 
of cinnamon, nutmeg, and other warm and aromatic ingredients, in order to preserve 
them; an operation repeated after they have been dried in the air. When the leaves 
of skin are dry, they are put in a press, and are ready for use. After the parch- 
ment, vellum, and gut membrane have been a good deal hammered, they become unfit 
for work, till they are restored to proper flexibility, by being placed leaf by leaf, 
between leaves of white paper, moistened sometimes with vinegar, at others with 
white wine. They are left in this condition for Qiree or four hours, under com- 
pression of a plank loaded with weights. When they have imbibed the proper 
humidity, they are put between leaves of parchment 12 inches square, and beat in 
that situation for a whole day. They are then rabl>cd over with fine calcined 
gypsum, as the vellum was originally. The gut-skin is apt to contract damp iu 
■landing, and isJherefore dried before being used. 

GOLD BEATING. This is the art of reducing gold to extremely thin leaves, by 
beating with a hammer. The processes employed for this purpose may be applied to 
other metals, as silver, platinum, and copper. The Romaus used to gild the ceilings 
and walls of their apartments ; and Pliny tells us, that from an ounce of gold forming 
a plate of 4 fin gers square, about 600 leaves of the same area were hammered. , At 
the present day 4 a piece of gold is extended so us to cover a space 651,590 times 
greater than its primary surface when cost. 

The gold employed in this art ought to be of the finest standard. Alloy hardens 
gold and renders it less malleable ; so that the fraudulent tradesman who should 
attempt to debase the gold would expose himself to much greater loss in the opera- 
tions than he could derive of profit from the alloy. . 

The average thickness of common gold leaf is °* 9X1 mc “* 
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Four principal operations constitute the art of gold beating:— 

1. The easting of the gold ingots. 8. Thtf •lamination. 

2. The hammering. 4. The beating. 

1. The gold is melted in a crucible along with a little borax. When it has become 
liquid enough, it is poured out into an ingot-mould previously heated, and greased on 
the inside. The ingot is taken out and annealed in hot ashes, which both soften it and 
free it from grease. The moulds are made of cast-iron, with a somewhat concave in- 
ternal surface, to compensate for the greater contraction of the central parts of the metal 
in cooling than the edges. The ingots weigh about 2 ounces each, and are } of an 
inch broad. 

2. The forging. — When the ingot is cold, the French gold-beaters hammer it out on 
a mass of steel 4 inches long and 3 broad. The hammer fbr this purpose is called the 
forging hammer. It weighs about 3 pounds, with a head at one end and a wedge at the 
other, the head presenting a square fece of l£ inch. Its handle is G inches long. The 
workman reduces the ingot to the thickness of £ of an inch at most ; and during this 
operation he anneals it whenever its substance becomes hard and apt to crack. The 
English gold-beaters omit this process of hammering. 

3. The lamination. — The rollers employed for this purpose should be of a most per- 
fectly cylindrical figure a polished surface, and so powerful as not*to bend or yield in 
the operation. The ultimate excellence of the gold leaf depends very much on the pre- 
cision with which the riband is extended in the rolling press. The gold-beater desires 
to have a riband of such thinness that a square inch of it will weigh Gj grains. Fre- 
quent annealings are requisite during the lamination. 

4. Beating. — The riband of gold being thus prepared uuiform, the gold-beater cuts 
it with shears into small squares of an inch each, having previously divided it with 
compasses, so that the pieces may be of as equal weight as possible. The squares 
are pilod over each other in parcels of 1 50, with a piece of fine calf-skin vellum 
iuterposed between each, and about 20 extra vellums at the top and bottom. These 
vellum leaves are about 4 inches square, on whose centre lie the gold lamina of an 
inch Bquarc. This pocket is kept together by being thrust into a case of strong 
parchment open at the ends, so as to form a belt or band, whose open sides are 
covered in by a second case drawn over the packet at right angles to the first. Thus 
the ]>ackct becomes sufficiently compact to bear beating with a hammer of 15 or 1G 
pounds weight, having a circular face nearly 4 inches diameter, and somewhat convex, 
whereby it strikes the centre of the packet most forcibly, and thus squeezes out the 
plates laterally. 

The beating is performed on a very strong bench or stool, framed to receive a heavy 
block of marble, about 9 inches square on the surface, enclosed upon every side by 
wood- work, except the front, where a leather apron is attached which the workman lays 
before him to preserve any fragments of gold that may full out of the packet. The 
hammer is short- handled, and is managed by the workman with one hand; who strikes 
fairly on the middle of the packet, frequently turning it over to beat both sides alike ; 
a feat dextrously done in the interval of two strokes, so as not to lose a blow. The 
packet is occasionally bent or rolled between the hands, to loosen the leaves and secure 
the ready extension of the gold ; or it is taken to pieces to examiuc the gold, and to 
shift the central leaves to the outside, and vice versa, that everything may he equalised. 
Whenever the gold plates have extended nnder this treatment to nearly the size of the 
vellum, they are removed from the packet, and cut into four equal squares by a knife. 
They are thus reduced to nearly the same size as at first, and are again made up into 
packets and enclosed as before, with this difference, that skins prepared from ox-gut 
are now interposed between each gold leaf, instead of vellum. The second course of 
beating is performed with a smaller hammer, about 10 pounds in weight, and is con- 
tinued till the leaves arc extended to the rise of the skins. During this period, the 
packet must be often folded, to render the gold as loose as possible between the mem- 
branes ; otherwise the leaves are easily chafed and broken. They are once more 
spread on a cushion, and subdivided into four square pieces by means of two pieces of 
cane cat to very sharp edges, and fixed down transversely on a board. This rectan- 
gular cross being applied on each lca£ with slight pressure, divides it into four equal 
portions. These are next made up into a third packet of convenient thickness, and 
finally hammored oat to the area or fine gold lea f, whose average she is from 3 to 3£ 
inches square. The leaves will now have obtained an area 192 times, greater than the 
plates before the hammering began. As these were originally an inch square, and 75 
of them weighed an ounce ( — x 75 ■■ 487 J), the surface of the finished leaves 
will be 192 x 75 -■ 14,400 sqnare inches, or 100 square feet per ounce troy. This 
is by no m?ans the ultimate degree of attenuation, for an ounce may be hammered 
so as to cover 1 60 square fret ; bat the waste incident in this case, from the number 
of broken leaves, and the increase and nicety of the labour, make this an unprofitable 
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refinement ; while the gilder finds snch thin leaves to make less durable and satis- 
factory work. '* 

The finished leaves of gold are put up in small books made of single leaves of soil 
paper, nibbed over with red chalk to prevent adhesion between them. Before patting 
the leaves in these books, however, they are lifted one by one with a delicate pair of pin- 
cers out of the finishing packet, and spread out on a leather cushion by blowing them 
fiat down. They are then cut to one size, by a sharp-edged square moulding of cane, 
glued on a flat board. When this square-framed edge is pressed upon the gold, it cuts 
it to the desired sixe and shape. Each book commonly contains 25 gold leaves. 

We must now describe some peculiarities of the French practice of gold beating. The 
workman cuts the laminated ribands of an inch broad into portions an inch and a half 
long. These are called quartiers. He takes 24 of them, which he places exactly over 
each other, so as to form a thickness of about an inch, the riband being £ of a line, or 
ji of an inch thick ; and he beats them together ou a steel slab with the round face 
l pan fie) of the hammer, so as to stretch them truly out into the square form. He be- 
gins by extending the substance towards the edges, thereafter advancing towards the 
middle ; he then does as much on the other side, and finally hammers the centre. By 
repeating this modp of beating as often as necessary, he rcduce^at once all the quartier » 
(squares) of the same packet, till none of them is thicker than a leaf of grey paper, and 
of the size of a square of 2 inches each side. 

When the quartier* arc brought to this state, the workman takes 56 of them, which 
he piles over each other, and with which he forms the first packet ( cauelier ) in the 
manner already described ; only two leaves of vellum are interposed between each gold 
leaf. The empty leaves of vellum at the top and bottom of the packet are called 
emplures. They are 4 inches square, as well as the parchment pieces. 

The packet thus prepared forms a rectangular panillelopiped ; it is enclosed in two 
sheathes, composed each of several leaves of parchment applied to each, and glued at 
the two sides, forming a bag open at either end. 

The block of black marble is a foot square at top, and 18 inches deep, and is framed 
as above described. The hammer used for beating the first packet is called the flat, 
or the enlarging hammer ; its head is round, about 5 inches in diameter, and very 
slightly convex. It is 6 inches high, and tapers gradually from its head to the other 
extremity, which gives it the form of a hexagonal truncated pyramid. It weighs 14 
or 15 pounds. 

The French gold-beaters employ besides this hammer, three others of the same 
form ; namely, 1. The commencing hammer , which weighs C or 7 pounds, has a head 
4 inches in diameter, and is more convex than the former. 2. The spreading hammer , 
( martcau d chasser) ; its head is two inches diameter, more convex than the last, and 
weighs only 4 or 5 pounds. 8. The finishing hammer; it weighs 12 or 13 pounds, has 
a head four inches diameter, and is the most convex of all 

The beating processes do not differ essentially from the English described above. 

GOLD, CHLORIDE OF. Trichloride of gold. This salt is formed when 
gold is dissolved in nitro-muriatic acid. It is much used in photography. 

GOLD COIN AG E. The current gold coins of the United Kingdom are the 
sovereign and the half sovereign. Sec Mint, Sovereign. 

GOLD LACE. Silver gilt wire woven into a lace. 

GOLD LEAF. See Gold Beating. 

GOLD, MANNHEIM. A brass composed of from 3 to 4 ounces of xinc to 
1 pound of copper. See Brass. 

GOLD, MOSAIC. A brass of very fine colour used in common jewellery. 
Hamilton and Parker's patent Mosaic gold consists of 16 Jounces of xinc to 16 ounces 
of copper. It is of a dark colour when first cast, but on dipping assumes a beautiful 
golden tint The patentees say, “ when cooled and broken all yellowness must cease, 
and the tinge vary from reddish fawn or salmon colour, ta a light purple or lilac, and 
from that to whiteness." See Brass Alloys. 

GOLD, PURPLE. Purple op Cassius, which see. 

GOLD, SALTS OF:— 

Bromide of gold. 

• Cyanide of gold. 

* Iodide of gold. 

, Phosphide of gold. 

Sulphide of gold. 

These and some other salts of this metal, which are rarely used in the arts, are fully 
described iu Watts’ “ Dictionary of Chemistry.” # 

GOLDEN M ARC AS1TE. A name given at one time to the metal xinc. > Albertos 
Magnus calls it marckaxita aurea . “ This was properly a stone, the metallic particles 
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of which were so entirely sublimated by fire, that nothing but useless ashes remained 
behind. It contained fixed quicksilver, communicated a colouiHo metals, on which 
account it wbb well known to the alchemists, burned in the fire, and was at length en- 
tirely consumed. It was found in various parts, but that at Gaslar was the best, be- 
cause the copper it contained seemed to have in it a mixture of gold. To give this 
copper, however, a still greater resemblance to gold, some tin was added to it, by which 
meaus it became more brittle. This marchasita also rendered copper white as silver. 
Thus far Albert us. It obtained without doubt the name of marchasita aurea because 
sine communicates a yellow colour to copper ; and for the same reason the Greeks 
and the Arabians called Cadmia golden, or Aurea.** — Beckmann. 

GOLDEN SULPHURET OF ANTIMONY. Stibium Sulphuratmn Auranticum. 
The pentasulphido of antimony, a golden yellow powder, its formula being 8bS\ 
See Antimony. 

GOLD OF PLEASURE. A plant cultivated on the continent for fts seeds, which 
yield a fine oil, while its fibres can be employed in the manufacture of sail-cloth, 
packing, and other coarse articles. It is the Camelina saliva of botanists. It has 
not attracted much attention iu this country. 

GOLD THREAD, or spun gold , is a flatted silver-gilt wire, wrapped or laid over a 
thread of yellow silk by twisting with a wheel or iron bobbins. By the aid of a 
mechanism like the braiding machine a number of threads may thus be twisted at 
once by one master wheel The principal nicety consists in so regulating the move- 
ments that the successive volutions of the flatted wire on each thread may just touch 
one another, and form a continuous covering. The French silver for gilding is said 
to be alloyed with 5 or 6 pennyweights, and ours with 12 pennyweights, of copper in 
the pound troy. The gold is applied in leaves of greater or less thickness, according 
to the quality of the gilt wire. The smallest proportion formerly allowed in this 
country by act of parliament was 100 grains of gold to one pound, or 5,760 grains of 
silver; but more or less may now be used. - The silver rod is encused in the 
gold leuf, and the compound cylinder is then drawn into round wire down to a 
certain sice, which is afterwards flatted in a rolling mill, such as is described under 
Mint. 

The liquor employed by goldsmiths to bring out a rich colour on the surface of 
their trinkets is made by dissolving 1 part of sea-salt, 1 part of alum, 2 parts of nitre, 
in 3 or 4 of water. The pickle or sauce, as it is called, takes up not only the copper 
alloy, but a notable quantity of gold ; the total amount of which in the Austrian 
empire has been estimated annually at 47,000 lruncs. To recover this gold the liquor 
is diluted with at least twice its bulk of boiling water, und a solution of very pure 
green sulphate of iron is poured into it. The precipitate of gold is washed upon a 
Alter, dried, and purified by melting in a crucible along with a mixture of equal parts 
of nitre and borax. 

GOLD WIRE is formed by drawing a cylindrical rod of the metal, as pure as may 
he, through a series of holes punched in an iron plate, diminishing progressively in 
size. The gold, as it is drawn through, becomes hardened by the operation, and re- 
quires frequent annealing. 

GONG -GONG, or lain- lam of the Chinese. A kind of cymbal made of a copper 
alloy. See Copper. 

GON IOMETER. An instrument employed to measure the angles of crystals. The 
most ]K.*rfect instrument is the reflecting goniometer of Wollaston. The angle of the 
crystal is measured by determining through what angular space the crystal must be 
turned so that two rays reflected from two surfaces successively shall have the same 
direction. A simpler form of the instrument consists merely of a semicircular gradu- 
ated scale of degrees with a movable and a fixed radius. It is a most important 
instrument to the scientific mineralogist 

GOSSAN, a Cornish mining term. An oxide of iron, mixed with other matters. 
Gossans are found on the upper portions of lodes, and according to their characters 
are regarded by the miners as favourable or unfavourable indications. The gossans 
are probably the result of the slow decomposition of the sulphate of iron from the 
fluid in which the metalliferous matter, deposited in the lode, has been precipitated, 
or of the sulphides which may have been previously formed. 1 The gossans arc fre- 
quently very rich in silver, and sometimes they contain gold. * 

GOSSIPIUM. The cotton-tree. See Cotton. 

GOULARD LOTION OR WATER, a solution of the acetate of lead. $pe 
Lead. 

^GOVERNOR. A mechanical arrangement, usually attributed to Watt, for regu- 
lating the motion of a steam-engine. 

G K ADU ATOR. A vessel employed in vinegar manufacture. See Acetic Acid. 

GRAINS OF PARADISE. The fruit of several zingiberaceous plants ; some- 
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times it is called MaUaguettn pepper. Pereira distinguishes between the two, bat 
it appears that they commonly pass for the same in commerce. Grains of paradise 
are imported in caste, barrels, and puncheons from the coast of Guinea. They are 
used to give a fartitirus strength and pungency to beer and cordials. 

By 56 Geo. III. e. 58, no brewer or dealer in beer shall have in his possession or 
use grains of paradise, under a penalty of 200/. for each offence : and no druggist shall 
sell it to a brewer under a penalty of 500i for each offence. 

GRAIN TIN. The purest kind of metallic tin. See Tnr. 

GRANITE, in the common and original acceptation of the term, denotes a rock, 
composed of felspar, quarts, and mica. It oftentimes contains, in addition to these, 
some other minerals. 

These component minerals of granite, both essential and accidental, are united 
together by a confused crystallisation, not only mutually penetrating and interfering 
with each other, bnt sometimes the small crystals of one are completely enveloped in 
the largo crystals of a different kind of mineral, and it is a very common occurrence 
for one or even more of these minerals to be developed in large crystals, in a granular 
basis of the whole, so as to constitute a porpliyritic granite. This character is gene- 
rally imparted by the felspar, and rarely by the quarts or mica. — Boone . 

The chemical composition of ordinary granite is generally as follows : — 


Silica - - - 72*3 

Alumina- - - - - - - - - 15*3 

Alkalies --------- 7-4 

Lime and magnesia and iron ..... 5*0 


This rock consists generally of about 40 per cent of felspar, 30 or 40 per cent, of 
quartz, and from 10 to 20 per cent of mica. 

The granite* of Cornwall and Devonshire have been long celebrated for their 
exceeding durability. Sir Henry dc la Beebe thus describes the situation of the 
workable granites : — 

“ There is much good granite on Dartmoor, though it is not always sufficiently 
nceessib'e to be carried long distances : the chief places where it is worked in large 
qiinnrities and afterwards exported are. Hey or High Tor on the east, and near King 
Tor on the west The granite fro.n the former place is conveyed by a tram-road to 
the Stover canal, down which it is carried in boats, and afterwards down the Tcign 
to Teignmouth, to be shipped for its destination. That from the west side of the 
moor is conveyed by the Prince’s Town and Plymouth tram-road to the latter place 
and shipped. 

*' The continuation of the Hingston Down granite is worked up the Tamar near 
New Bridge and exported from Morwellliam. A very hard variety is obtained upon 
the higher part of the Down, and has been employed advantageously for pavements. 
* * * The chief quarries in the eastern or hard part of the Hensborough mass 

of granite arc those of (the late) Mr. Austin Treflry, up the Par Valley, commonly 
known as Lostwithiel granite. Extensive qnnrrics are there worked, and the stone is 
brought to the head of the canal near Pons-mill, upon which it is conveyed to Par 
harbour, and there shipped. * * * The Carn Menelez mass has furnished 

the granite most commonly known as Cornish. It is nearly altogether shipped at 
Penryn, where it is brought variable distances from different quarries in the vicinity, 
many situated in the parish of Mabe ; ” — also in Constantine, Budock, and Stithians. 

Since the above report was written, the quarries at Cheeswring near Liskeard 
have been opened, and stone of a beautiful quality is raised and exported in la^ge 
quantities. The Lamoma quarries have also been worked ; the stone obtained from 
them is of excellent quality, and it can he obtained of almost any size. 

The quantity of granite exported from the several ports of Cornwall in 1865, 
exceeded 500,000 feet, or about 40,000 tons, the value of which was above £’75,000. 
Of Devonshire granites the quantity exported from the eastern and western sides of 
Dartmoor was probably about 5,000 tons. 

The following great works, amongst many others, have been constructed entirely, or 
in part, of Cornish granites. The Penryn and l.n morn a granites have supplied Port- 
land Break-water; Keyham Docks for the Steam Navy ; Commercial Docks, London j 
the Hull, Great Western, and Birkenhead Docks, and the National Works at Chatham 
and Portsmouth* together with the Scutari Monnment The plinth for the railings of 
the British Museum was from the Carasew quarries, and the towers, including the 
lodge, for gatdb, &c., from Constantine. From Lnmorna blocks of 12 feet square are 
readily obtained ; these quarries produce about G0.000 feet per annum : some stones 
have been raised 25 feet in length and 1 1 feet in diameter. • 

The Wellington Memorial erected at Strathfieldsaye during the present year, from 
the design of the Baron Marochetti, is constructed of granite entirely from the Con- 
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stantine quarries. This monument contains stones of unnsuri character, the die 
being a single stone 9ft. 6in. high, and 7ft. square, weighing nearly 40 tons. The 
shaft of the column is 30ft. in height in one stone, and some of f the mouldings are in 
stones of nearly lift, square. The whole of the surfaces above the plinth are finely 
polished, and have all the appearance of being carved from a single block. 

The Chees wring granite has been used in the I<ondon Docks, Westminster Bridge, the 
Thames embankment, Rochester Bridge, the Docks at Copenhagen, the Great Basses 
Lighthouse near the island of Ceylon, and for the tomb of the Duke of Wellington in 
the crypt of St Paul’s Cathedral These quarries produce from 8,000 to 10,000 tons 
of stone per annum, and about a similar quantity is annually shipped from the quarries 
near Par. 

The granites of Scotland are chiefly produced from the county of Aberdeen. 

The granite of Aberdeen, especially from the quarries of Dancing Cairn, Rnbislaw, 
and Tyrebagger, is mnch used in the metropolis for kerb and paving stones ; some 
red granite u also quarried. Around Peterhead the red granite prevails, hence it is 
usually distinguished as the Peterhead granite. The principal qnarries are those of 
Black Hill, four miles west of Peterhead, belonging to the Governors of the Merchant 
Maiden Hospital of Edinburgh ; those on the estates of the Earl of Errol — at Bod- 
dam, at Longhaven, at Cairngall, and at Rova. The Sheerness Docks were built 
mostly with Btone from, these quarries. The Stirling Hill quarriea, at Bodham, fur- 
nished the pillar of the Duke of York's monument ; the Seafield quarries the abacus. 
The beantifbl pillars in the library of the British Museum were obtained from Long- 
haven ; the cost for transport, at the time they were worked, being something almost 
fabulous, so great were the difficulties attending their removal. The pillars m Fish- 
mongers' Hall are from the Stirling quarries, os arc also the bases of the monuments 
of Pitt and Fox ; and the polished pillars of the Carlton Club House, in Pall Mall, 
are from the quarries near Peterhead. 

Granite of excellent qnolity is obtained in Argyleshire, especially in the island of 
Mull, where it may be obtained in blocks of enormous size. The quarries are situated 
on the west side of the island ; a fine pink granite being worked at North Bay, and 
a dark-red variety at Tormor. The Mull granites are especially adapted, by their 
beauty of colour and uniformity of grain, for purposes of ornament} and have 
been largely employed in the construction of the Albert Memorial, now in course of 
erection in Hyde Park. 

Granite is also worked to a limited extent in several of the islands round our coast. 
In the Isle of Man, the grey granite of South Barrule forms a gigantic boss pene- 
trating the surrounding schistose rocks, and furnishing a stone worked for local con- 
sumption ; in Lundy Island, which consists almost entirely of granite, quarries have 
recently been opened; and in the Channel Islands, certain sienitic varieties have long 
been worked, and are largely employed as London road-metal. 

The granites of Ireland . — The most extensive granite district in Ireland stretches 
south from Dublin, through the counties of Wicklow and Carlow into Kilkenny ; it 
occurs on the south-eastern coast of Down, and around Newry ; the range of the 
Mourue mountains is granite, which again appears in small and isolated protrusions 
in Derry and Tyrone, and in Cavan. In the western portion of Donegal there is a 
large extent of this rock, which here partakes of a gneissose character ; and again, in 
the west of Galway, granite covers a considerable area. The granite of the Wicklow 
range is the most extensively used. It varies in its quality, that near Kingston being 
coarse and hard, while that from Ballyknocken, or Golden Hill, is mnch finer, and 
therefore fitted for ornamental work. The granite of Down is of a darker -colour and 
finely crystallised. It is extensively quarried at Newry, and sent by water to the 
north of Ireland. H 

The Galway granite is of a reddish colour, containing large crystals of flesh-red 
felspar. That of Mayo is of a dark bluish grey colour, while that of Tyrone is 
reddish. 

The Irish granite averages 170 lbs. per cubic foot, its extreme weights being 143 
lbs. and 176 lbs. After 88 honrs’ immersion in water, it was found that a cubic foot 
of the granite of Newry and Kingston absorbed about a quarter of a pound, that of 
Carlow nearly two pounds, and the granite of Donegal four pounds of that fluid. 
These ihets are important in connexion with the use of these rocks for building pur- 
poses. — Wilkinson's Practical Geology and Ancient Architecture of Ireland . — Sir It. 
Kane's Industrial Resources of Ireland. 

Granite is worked to a small extent at Shap Fell in Westmoreland, and at Mount 
Sorrel in Leicestershire. The rocks worked as and called the Grooby granite may 
perhaps be more properly termed Sienites, in some eases assuming the character of a 
sienitic granite, in others of a sienitic greenstone. These are worked extensively for 
M pitching ” and for macadamising roads. 
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Until recently it was an opinion almost universal among geologists that granite 
had been formed by igneous fusion, and had solidified from a molten condition, under 
enormous pressure ; the theory being supported partly by the crystalline and nn- 
stratified character m the rock, but chiefly by the fact that almost every large mass 
of granite gives off numerous ramifications or veins. which penetrate the surrounding 
rocks, and which appear to have been formed by injection of the molten granite into 
neighbouring fissures. Evidence has however accumulated during the last few 
years tending to modify this theory very materially. Thus, it has been found that 
the specific gravity of quarts which has undergone fusion is never higher than 2*3, 
whilst that of the quartz in granite reaches 2'6 ; a fact sufficient in itself to opposo 
the igneous theory, were it not that the pressure under which granite has evidently 
been found must, as Dr. Haughton has pointed out, very considerably increase the 
density of the silica. Again, many minerals occurring in granite, either as essential 
or as accessory constituents, are such as could not have existed at a high tempera- 
ture ; some of them, indeed, such as certain varieties of mica, containing a notable 
proportion of water. Many of these minerals, moreover, are so highly basic that it 
is difficult to understand how they could have been fused in the presence of free 
quartz without entering into chemical combination with the silica. Finally, the con- 
stituent minerals of granite have, in most coses, not solidified in the order of their 
relative infusibility; the quartz, which is the most infus^lc, having evidently 
solidified last, since it commonly bears the impress of the felspar crystals. 

Much light has also been thrown upon the probable origin of granite by the 
researches of Mr. H. C. Sorby on the microscopical structure of crystals ; a subject 
which has been followed up by Zirkcl. The crystals of many minerals contain 
cavities partially filled with liquid which has evidently been caught np and mecha- 
nically enclosed during the formation of the crystal ; a phenomenon frequently wit- 
nessed in the crystallisation of artificial salts in the laboratory. From the nature of 
their formation, it is evident that such cavities must be entirely filled with liquid at 
the temperature at which they have been formed ; any vacuities that afterwards 
appear being due to subsequent contraction, resulting usually from a reduction of 
temperature. If the crystal therefore be exposed to heat until the liquid, by its ex- 
pansion, entirely fills the cavity, the temperature at which the crystal was originally 
formed will be at once indicated. Such results will however require considerable 
modification if the mineral should have been formed under the effects of great pres- 
sure, as was certainly the case with granite. As crystals deposited from aqueous 
solution contain JIii/Ti-cavities, so those obtained by sublimation enclose bubbles of 
vapour, giving rise to gas, or iwpour-cavities ; whilst substances solidifying from 
fusion, such us glass or slag, contain portions of solid matter which are hence 
termed glass or stone cavities, according to the nature of the enclosed solid. Now, 
when the constituent minerals of granite are subjected to microscopical examination, 
they exhibit numerous cavities, of which some contain liquids, others enclose solids, 
and a few merely vapour. These cavities arc most abundant in the quartz, some 
varieties of which contain more than a thousand millions to the cubic inch. Since 
the presence of fluid cavities indicates formation by the wet way, stone cavities that 
hy fusion, and gas cavities that by sublimation, the co-existence of all these varieties 
in granite leads Mr. Sorby to believe that this rock has been formed nnder highly 
complex physical conditions, “ combining at once both igneous fusion, aqueous solu- 
tion, and gaseous sublimation. The proof of the operation of water is quite as 
strong as of that of heat” 

GRANULATION is the process by which metals are reduced to minute grains. 
It is effected by pouring them, in a melted state, through an iron cullender pierced 
with small holes, into a body of water ; or directly tlpou a bundle of twigs immersed 
in water. In this way copper is granulated into bean shot, and silver alloys arc 
granulated preparatory to refining. See Metallurgy. 

GRAPE SUGAR. So called from its being produced in the grape. See Sugar. 
Its formula is C* a lI’*0 M . 

GRAPHITE \Plombagine, Fr. ; Reissblei , Germ.) is a mineral substance of a lead 
or iron grey colour, a metallic lnstre, soft to the touch, and staining the fingers with a 
lead grey hue. H = 1 to 2. Spec. grav. 2 08 to 2-45. It is easily scratched or cut 
with a steel edge, and affords a black streak, displaying the metallic lnstre in its in- 
terior. B.B. infusible both alone and with reagents : but bums with great difficulty 
in the outward flame without flame or smoke, generally leaving a residue of oxide of 
iron. It consists of carbon in a peculiar state of aggregation, with an extremely 
minute and apparently accidental impregnation of iron. Graphite, called also plum- 
bago and blacklead, occurs in gneiss, mica slate, and their subordinate clay slates an<^ 
limestones, in the form of masses, veins, and kiduey-shaped disseminated pieces. 
It has been found also among the coal strata, as near Cumnock in Ayrshire. 'This 
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subftanoe is employed for counteracting friction between robbing snrfkces of wood or 
metal, for making crucibles and portable fbroaces, for giving a gloss to the snrfkce 
of east iron, &c. See Plumbago. 

The following report of M. Haidinger and others, of Vienna, on the origin of gra- 
phite, contains much that is valuable. 

Iron, after long remaining buried in the earth, at last entirely decomposes, leaving 
a black, porous, eminently combustible residuum, known as graphite or pure carbon. 
M. Haidinger’s report on the ferruginous masses of Kokitsan and Gotta, near 
Dresden, masses of uncertain origin, lends support to this general fact 

One word on the formation, still so little known, of graphite plumbago pencil 
lead). The presence of graphite in granite, gneiss, and diorite, has renewed the 
disputes between the Neptunists and Plutonists. Graphite is well known to be nearly 
pure carbon, for it leaves in burning but a very small quantity of ash. Now, if these 
primitive crystalline rocks are of igneous formation, it is impossible to explain how 
graphite could co-exist with silicates of protoxide of iron without -having reduced 
these salts. Judging merely by what takes place in blast fhroaces, carbon reduces 
all oxides of iron at a high temperature. It must then, be admitted that granite, 
gneiss, and diorite did not contain graphite when the mineral elements of these 
rocks, such as mica, hornblende, und other ferrous silicates, were in a state of fosion. 
Graphite, then, must have been subsequently introduced into thesj rocks, but when 
and how ? Questions such as these are very difficult to answer satisfactorily. The 
most plausible hypothesis is that graphite has been introduced by the wet wav into 
the crystalline rocks, and substituted for one of the mineral components. Thus in 
the gneiss of Passau (Bavaria) it takes the place of mica. 

Graphite is frequently to bo met with in granulated limestone, a foot particularly 
interesting to geologists. Is limestone a product of eruption, or is it a sediment 
transformed by the action of heat ? The presence of graphite is explicable by 
neither hypothesis. For, at a certain temperature, which need not be very high, 
carbon decomposes carbonate of lime. This salt may, no doubt, under strong pres- 
sure. be heated to the melting point without losing its carbonic acid ; this is a labo- 
ratory experiment often cited by the Plutonists. But it is quite a different thing with 
a mixture of carbon and carbonate of lime at a high temperature. If we reject the 
Neptunian origin of granulated limestone, wo must then, as with crystalline rocks, 
suppose that graphite has been introduced by the wet way at a more recent period. 
The same remark applies to magnetic pyrites (sulphide of iron), often very rich in 
plumbago kerns. 

Does graphite, like all carbon, belong to the organic kingdom ? It is certain that 
anthracite, lignite, and coal are the result of a slow decomposition of an enormous 
quantity of vegetables, the impressions found on them often indicate the kind of 
vegetables, most of them extinct, which have contributed to these carbonaceous for- 
mations. Graphite, if not formed in precisely the same way as coal and anthracite, 
nevertheless bears signs of an organic origin. The formation of nuclei and veins of 
graphite in crystalline rocks is sufficiently explained by the decomposition of car- 
bonised hydrogen gas at a high temperature ; this gas, disengaged from organic 
matters, and penetrating the fissures of the burning* rock, would undergo decomposi- 
tion into hydrogen and carbon. 

It is this deposited carbon which forms graphite. If in our laboratories we do not 
obtain exactly the same product, it must be remembered that nature has means at her 
command which escape our researches. We find it impossible to make coal from 
wood. The wood may be carbonised by the dry or by the wet way. In the first 
case the carbonisation is very rapid ; in the latter it is extremely slow, as is shown 
by the blackened points of piling sunk in water. 

Finally, graphite has been found in meteorites and aerolites. Attempts have been 
made to explain its presence here by the continuance of these stones in soil more or 
less rich in carbonjsed principles. But with regard to newly-fallen stones, this ex- 
planation is inadmissible. If it be maintained that graphite is an oiganic product, 
it must be admitted that in the case of newly-fallen meteorites it can proceed only 
from organic matters belonging to another world than our own. 

In his report on Alibert graphite, M. Dumas presents some considerations on the 
probable origin of graphite and of the diamond. M. Desprets and others ascribe to 
fire the change of carbon into diamond ; Newton ascribed it to the coagulation of a 
fatty or oily body ; Liebig says the diamond is slowly formed by processes which 
determine the prolonged putrefhetion of a liquid body rich in carbotf and in water ; 
then, contrary to M. Desprets ’s method, a high temperature would be unfavourable 
tp a successful attempt Adopting New tours hypothesis, M. Gmppert states, in a 
M memoir on the solid bodies entering into the composition of the diamond, and con- 
sidered with regard to their organic or inorganic origin,” that he is disposed to class 
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the diamond among the produce of the decomposition of organic matters. All these 
hypotheses M. Dumas rejects ; according to him the diamond is crystallised carbon, 
at the moment of it* p duction and in tne midst of a mass which has been exposed 
merely to the beat n&essary to soften it, provided this condition is sufficiently pro- 
longed. 

Finally, If. Dumas frankly admits that nothing positive is known as to the true 
origin of the diamond, though the substance most allied to it, silicinm, is perfectly 
known, and very beautiful crystals of it are obtained. 

However, it is positively ascertained that the diamond and graphite have not the 
same origin, and that the residue of every carboniferous substance, treated at a high 
temperature, proves to he hut a variety of graphite. The new carbon found by 
M. Alihert in the mines of Marinski, situated at the summit of Batougol, on the 
Siberian frontiers, is, then, a graphitoid carbon of the most beautiful kind, formed 
by volcanic phenomena. M. Jaqnelain, after carefully comparing the external 
characteristics of Alibert graphite with that obtained by his process, concludes that 
the conditions under which they are produced must be analogous. 

In fact, on comparing the texture of the two carbons, they will be found sometimes 
of a metallic, mirror-like lustre ; at another time the surface will be of shining steel- 
grey, mammillated as if it had been half fused, and had passed through a pasty stage. 
This appearance is qpnilar to that of oxide of iron, nodulous, fcilliant, with mammil- 
lated surface, known by the name of brown hematite. 

M. Jaquelain is inclined to admit that tarry and pyrogenated products, transformed 
in immense proportions into carbon and hydrogen under the influence of igneous 
rocks, become accumulated in rents and excavations, causing an aggregation of 
carbon and inducing a fusion analogous to that of carbon in retorts for lighting gas, 
and of graphitoid carbon destined to form the pencils used for the electric light. 

On this point M. Jaquelain narrates one of his own recent experiments. On 
decomposing some sulphide of carbon in a porcelain tube in presence of pure copper, 
heated to about 800°, sulphite of copper and graphite were formed, externally simi- 
lar to natural graphite.— Cosmos, pp. 720, 725, 1864. 

GttAPHOTTPE. By this new process of engraving (discovered in the summer 
of 1860 by Mr. De Witt Clinton Hitchcock) the artist becomes his own engraver, 
and thus overcomes the difficulties met with in most other processes, arising from the 
impossibility of two individuals working out the same idea in exactly the same way. 
A short description of the circumstance which led to this discovery will give a good 
idea of the nature of the new method called “ Graphotype.” Mr. Hitchcock was 
engaged in making a drawing on boxwood, and finding it necessary to erase a portion 
of his work and rewhiten his block, he took a visiting-card (the white material used 
for the surface of the wood-engraver’s block being of the same composition as the 
enamel of the said card) and commenced rubbing off the enamel with the aid of a 
brush and water, when, to his astonishment, he found the printed letters remained in 
relief. The ink in combining with the enamel had become sufficiently hard to resist 
the action of the brush, and thus he had accidentally prepared a sort of block upon 
which the letters Btood out This circumstance led him to the discovery that by 
taking a slab of chalk, reducing its surface to as smooth a condition as possible, draw- 
ing on it with an ink composed of silicate of potash (water glass) and indigo, then, 
when the sketch was dry, by brushing away the surface with a dry brush (the lines 
of the drawing being virtually converted into stone, they will withstand the friction 
of the brush, while the intervening particles are easily removed), and saturating the 
mass of chalk with liquid gloss, he hod a block ready for printing from in the ordi- 
nary way by burnishing. 

This experiment was successful, and after several trials the following method has 
been adopted as the most perfect. A chalk surface upon a metallic plate is now 
adopted. French chalk is ground to the finest powder, then the coarser par- 
ticles separated from the finer by beiug thrown into water, the sediment which first 
subsides is removed and ground again ; this is repeated several times. Next, the 
powder is repeatedly passed through a wire cloth which contains 10,000 holes to the 
square inch, and is then laid between a smooth metallic (sine) plate and a smooth 
steel plate, and submitted to intense hydraulic pressure, then, after the chalk surface 
is siied, it is ready for the artist The pencils employed by the artist are of sable- 
hair, and the ink is competed of lamp-black and glue. When the drawing is finished 
the surface is gently* rubbed with silk velvet, or fitch hair-brushes, until the chalk 
between the inkedJfines is all removed to the depth of about the eighth of an inch. 
After this the block has only to he hardened, which is done by soaking it in a solu- 
tion of an alkaline silicate (water glass); by this means the whole of the cbslk is con- 
verted into stone. , , _ _ , 

This petrified block is not used to print with, ns it would not stand the wearsind tear 
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it would be subjected to in the printing press, bnt a mould is taken of it, from which 
a typo metal oast (a stereotype) is made, and it is this stereotype from which the im- 
pressions are taken. 

One of the great merits of this new process is the extreme delicacy and precision 
with which the finest lines are produced, and the accuracy and rapidity of produc- 
tion are the two great recommendations of the graphotype. A sketch made in the 
morning may be multiplied by thousands by the evening. The graphotype is a most 
valuable invention, and it seems probable that it will supersede the old wood engrav- 
ing to a considerable extent : it is cheaper, more accurate, and more rapid of produc- 
tion, but still it possesses all the advantages of the ordinary block. 

GRASS OIL. A fragrant oil which is extracted from a peculiar Indian grass t 
it is generally called the grass oil of JVemawr, Grass oil, on account of itspdour, is 
often termed lemon grass or verbena; it is derived from the Andropogan Nardus , a 
species of grass which is now regularly cultivated in Ceylon for the sake of the 
essential oil which it yields by dirtillation, about 10,000 lbs. of which are imported 
annually. ° 

GRATE, a mining term, A metal plate pierced with small holes:— it is fixed in 
front of the stamps in which the ore is pounded, and through the holes the finely 
divided matter makes its escape. 

GRAUWACKE qs GREYWACKE. Gran, grey; wacki^ clay. A German 
name, often adopted by geologists for some of the most ancient fossuiferous strata. 
The rock is often of a grey colour, hence grau, German for grey ; mtche being a 
provincial miner's term. 

The Greywacke rocks are stratified or slaty rocks, which may be regarded as bear- 
ing the same relation to clay slates that argillaceous sandstones and conglomerates 
bear to common day. Argillaceous slate, by including rolled fragments or minute 
grains of quarts sand, with or without mica, becomes the grauwache or grauwache 
slatted Werner. Although at one period, the term grauwache or greywacke vraB employed 
to indude the Cambrian and Silurian slates, the term has now nearly dropped ont of 
the geological nomenclature. 

GRAVITY. The term usually applied to the action of the Earth's gravitation. 

GRAVITY, SPECIFIC. The difference in weight between a given mass of any 
body weighed in air, and the same mass weighed in water, jp its specific gravity. For 
a description of the several methods by which the specific gravity of anybody, either 
solid, fluid, or aeriform, may be determined, we must refer to Watts' “Dictionary of 
Chemistry,*’ or to any works treating of the manipulatory details of physic or 
diemistry. The following table may be found useful : — 


Table of Specific Gravity . 



Metals. 



Stones, 

Earths, 

ftc. 


Names. 


Weight, 

Water 

Number 
of cubic 

Weight 
of a cubic 

Names. 

W.ight, 

Water 

Weight 
of a cubic 

N umbel 
of cubic 


being 

1000. 

Inches In 
alb. 

Inch, in 
lbs. 

being 

1000. 

foot, lu 
lbs. 

feet in a 
ton 

Platina 


19500 

1-417 

•7053 

Marble, average- 

2720 

IBM 

13 

Pure gold - 


19258 

1-435 

*6965 

Granite, ditto - 

2651 

165-68 

m 

Mercury - 


135G0 

2*638 

*4904 

Purbeck fctone - 

2001 

162*56 

13J 

Lead- 


11352 

2*435 

•4105 

Portland ditto - 

2570 

160*62 

14* 

Pure silver 


10474 

2-638 

•3788 

Bristol ditto 

2554 


14 

Bismuth - 


9823 

2-814 

•3552 

Millstone - 

2484 

155*25 

144 

Copper, cast 


8788 

3*146 

•8178 

Paving stone 

2415 

150*93 

14} 

„ sheet 


8910 

3*103 

•3225 

Craigleith ditto - 

2362 

147*62 

15* 

Brass, cast- 


7824 

3*533 

•9036 

Grindstone 

2143 

133*93 

16} 

„ sheet 


8396 

3 293 I 

•3037 

Chalk, British - 

2781 

178*81 

12} 

Iron, cast - 


7264 

3*806 

•263 

Brick 

2000 


17* 

., bar - 


mklo} 

3*592 

•279 

Coal, Scotch ■ - 

1300 

81*15 

274 

Steel, soft - 


7833 


•2833 

„ Newcastle - 

1270 

79-37 

284 

„ bard- 

.1 

7816 1 

8*537 | 

•2827 

„ Staffordshire 

1240 

MABAH 

29 

Tin, east - 
I Zinc, cast - 


7891 1 
i 7190 

3*790 
i 3-345 

i *2636 

I* 

„ Caunel 

^ 1238 

77-37 1 

r 
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G REE BE. A water-bird, Podicipina irUtttiuM , the great crested or tippet greebe. 
It is above the siie of a goose, and a native of England, being found in the fens of 
Shropshire, Cheshire^nd Lincolnshire, where they are called gaunts. This bird is 
valued for the plumage of its breast, which is much admired by ladies for moils, and 
used for trimmings. 

GRAPHIC GOLD. A telluride of gold and Bilver, found in Transylvania. 

GREEN EBONY of Jamaica. This is a wood of a brown green colour. It is 
derived from the Amerimnum Ebenvs, and is used in turnery and for marquetry work. 
— See Marquetry and Parquetry. 

GREENHEART. A wood brought from Jamaica and Guiana, the produce of 
the Lawrus chloroxybn. It is used in shipbuilding. Bancroft, in his Guiana, thus 
describes it : “ The Sipiera or Grecnlieort tree is in sise like the locust-tree, about 
60 or 70 feet high ; there are two species, the black and the yellow, differing only in 
the colour of their bark and wood.” 

GREEN IRON ORE. A native phosphate of iron. 

GREEN LEAD ORE. An anenio-phosphatc and chloride of lead. 

GREENOCK1TE. Native sulphate of cadmium. It occurs in small, but very 
perfect and brilliant, short hexagonal crystals, in a porphyritic greenstone, on prehnite, 
and associated with calcite. It has been found in a railway cutting at Bishopstown, 
near Paisley, and a* Bowling, near Old Kirkpatrick. It was first observed by Lord 
Greenock, now Earl Cafocart, hence its name. 

GREEN PAINTS. ( Couleurs vertex , Fr. ; Crime Pigmente, Germ.) Green, which 
is so common a colour in the vegetable kingdom, is rare in the mineral. There is 
only one metal, copper, which affords in its combinations the various shades of 
green in general use. The other metals capable of producing this colour are, chro- 
mium in its sesquioxide, nickel in its hydrated oxide, as well as its salts, the sele- 
niate, arseniatc, and sulphate; titanium in its prussiate; and some of the salts of 
uranium. 

GREEN PIGMENT. Under the name of u green cinnabar,” Vogel describes a 
new colour. Prussian blue is dissolved in oxalic acid, chromate of potash is added to 
this solution, which is then precipitated with acetate of lead. The precipitate, well 
washed, dried and levigated, gives a fine green powder. By varying the proportions 
of the three solutions, different shades of green may be produced. Another method 
has been given by Dr. Eisner. Make a solution of yellow chromate of potash and 
another of yellow prussiate of potash, then mix the two, dissolve separately in 
water some acetate of lead and iron, and add this solution to the others. By precipi- 
tating the first two solutions by the third, a green deposit is obtained, foe tint 
depending on the proportions employed. 

Green pigments are prepared also by the mixture of yellows and blues ; as, for ex- 
ample, the green of Rinman-and of Gcllert, obtained by the mixture of cobalt blue 
and flowers of zinc ; that of Barth, made with yellow lake, prussian blue, and clay; 
but these paints seldom appear in the market, because foe greens ore generally ex- 
temporaneous preparations of the artists. 

Mountain green consists of foe hydrate, oxide, or carbonate of copper; cither 
factitious or as found in nature. 

Bremen or Brunswick green is a mixture of carbonate of copper with chalk or lime, 
and sometimes a little magnesia or ammonia. It is improved by an admixture of 
white lead. It may be prepared by adding ammonia to a mixed solution of sulphate 
of copper and alum. 

Frise green is prepared with sulphate of copper and sal ammoniac. 

Mitiix green is an arseniate of copper, made by mixing a solution of acetate or sul- 
phate of copper with arsenite of potash. It is in fact Schede’s green. 

Sap green is foe inspissated juice of buckthorn berries. These are allowed to fer- 
ment for 8 days in a tub, then put in a press, adding a little alum to foe juice, and 
concentrated by gentle evaporation. It is lastly put up in pigs’ bladders, where it 
becomes dry and hard. See Colours, Table of. 

GREENSAND? The term Greensand applies to the strata lying between foe Chalk 
and foe Wealden deposits. They are of marine origin, as is denoted by foe presence 
throughout their entire thickness of sea-shells, and are divided into an upper and 
lower series, separated b% a stratum of clay, called Gault (which see). The Upper 
Greensand, which underlies foe Chalk Marl, is composed chiefly of calcareous sand in 
the lower, and of Sandstone and layers of Chert (a compact flinty rock, see Chert) 
in foe uppermost hart (see Firestone). The Sandstone affords a good and durable 
building stone. The Chert is well adapted from its toughness for making roads, and 
foe sandy portion, in addition to its usefulness as a component of mortar, furnishes 
an excellent agricultural soil, from foe calcareous matter it contains, in addition to foe 
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large percentage of soluble silica entering into its composition, which sometimes 
amounts to more than 40 per cent. In Sussex, Surrey, and Kent, the land based upon 
(he Upper Greensand is known by the name of malm, and produces the greater part 
of the hops for which those counties are celebrated. In me neighbourhood of 
Godstone and Merstham, in Suney, extensive quarries are driven Into the hills, 
at the base of the chalk downs, for the purpose of procuring the soft and chalky 
stone which occurs there in the higher portion of the Upper Greensand, for which 
there is a large demand in London, for cleaning door-steps and stonework in the 
fronts of houses, under the name of hearthstones, A plentrfal supply of pure water 
is borne up by the impermeable strata, forming the uppermost part of the Upper 
Greensand, which finds its way out of the ground near the base of the Chalk, and 
forms the sources of many streams and rivers. 

The Lower Greensand consists of alternations of sands, sandstones, and days, which 
are often very ferruginous, so much so sometimes as to constitute a siliceous ore of 
iron, as is the case at Seend in Gloucestershire, and Shotover in Oxfordshire. The fer- 
ruginous sands form the iron-sand of Dr. Smith. The Lower Greensand, also, contains 
beds of Fuller’s Earth, which are worked at Reigatc, and they tarnish a durable and 
useful building stone, known by the name of Keutikh Rag, and quarried extensively 
in the neighbourhood of Maidstone. 

The term Greensand, though applied to deposits of considerablej-hickness, is, in fact, 
only strictly applicable to certain minor portions of (hero, which are marked by the 
presence of minute grains of green silicate of iron (the glauconite of American mine- 
ralogists). These impart a colour to the beds in which they occur, which has given 
the name to the entire formation. — H.W.B. 

G KEEN, SCHEELE’S. An arsenite of copper. 

GREEN SLOKE. Ulva latissima , the broad green layer. See Algal 

GREENSTONE. MineraLogically, greenstone or diabase is pyroxene with Labra- 
dorite or oligoclase. Popularly, the term is applied to varieties of Trap. “ Green- 
stone is a dark and heavy blackish- green or brownish rock, consisting of felspar 
and hornblende; it usually has a crystalline texture, but is sometimes compact" 
— Dana, 

GREEN, ULTRAMARINE. This is artificially prepared in France and Ger- 
many, and employed, instead of the arsenical greens, for priming upon cotton and |>apcr. 
See Ultramarine. 

GREEN VITRIOL. Sulphate of iron. 

GREGORITE. See Mknaccanite. 

GRENADA COCUS or GRENADILLO. This wood, imported from the West 
Indies, is called red ebony by the French cabinet-makers. 

GREY ANTIMONY. A trisulphide of antimony. See Antimony. 

GREY COPPER. A sulphide of copper. See Copper. 

GREY DYE. ( Teinture grist , Fr. ; Graufdrbe , Genii.) The grey dyes, in their 
numerous shades, are merely various tints of black, in a more or less diluted state, 
from the deepest to the lightest hue. 

The dyeing materials are essentially the tannic and gallic acid of galls or other 
astringents, along with the sulphate or acetate of iron, and occasionally wine stone or 
crude tartar. Ashgiey is given for 30 pounds of woollen stuff, by one ponnd of gall nuts, 
J lb. of wine stone, and 2£ lbs. of sulphate of iron. The galls and the wine stone being 
boiled with from 70 to 80 pounds of water, the stuff is to be turned through the 
decoction at a boiling heat for half an hour, then taken out, when the hath being re- 
freshed with cold water, the copperas is to be added, and, as soon os it is dissolved, the 
stuff is to be pat in and fully dyed. Or, for 3G pounds of wool ; 2 pounds of tartar, 
J pound of galls, 3 pound or sumach, and 2 pounds of sulphate of iron are to he 
taken. The tartar being dissolved in 80 pounds of boiling water, the wool is to be 
turned through the solution for half an hour, and then taken out. The copper being 
filled np to its former level with fresh water, the decoction of the galls and sumach is 
to be poured in, and the wool boiled for half an hour in the bath. The wool is then 
taken out, while die copperas is being added and dissolved ; after which it is replaced 
in the bath, and dyed grey with a gentle heat 

If the grey is to have a yellow cast, instead of the tartar, its own weight of a 1 urn 
is to be taken ; instead of tne galls, one pound of old fustic ; instead of the copperas, 
j of a ponnd of 8altzbnrg vitriol, which consists, in 22“ parts, of 1 7 of sulphate of 
iron, and 5f of sulphate of copper ; theu proceed as above directed. Or the stuff 
may be first stained in a bath of tastic, next in a weak bath of .galls with a little 
alum ; then the wool being taken out, a little vitriol (common or Sultsburg) is to be 
pat in, previously dissolved in a decoction of logwood ; and in this bath the dye is 
completed. 
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Pearl-grey Is produced by passing the staff first through a decoction of sumach and 
logwood (S lbs. of theifbrmer to 1 of the latter), afterwards through a dilute solution 
of sulphate or acetate of iron j and finishing it in a weak bath of weld containing a 
little alum. Mauee-grey is obtained when, with the same proportions as for ash-grey, 
a small quantity of alum is introduced. 

For several other shades, as tawny-grey, iron-grey, and slate-grey, the stuff 
must receive a previous blue ground by dipping it in the indigo vat; then it is 
passed first through a boiling bath of sumach with galls, and lastly through the 
same bath at a lower temperature after it has received the proper quantity of solution 
of iron. 

For dyeing silk grey, fhstet, logwood, sumach, and elder- tree bark, are employed 
instead of galls. Archil and annotto are frequently used to soften and beautify the 
tint 

The mode of producing grey dyes upon cotton has been explained in the articles 
Calico Printing and Dyeing. 

GRINDING AND CRUSHING MACHINERY. Cnukhta MUL This 
machine was introduced into the mines of Cornwall and Devon in the early part of 
the present century. In its simplest form it consists of two rollers mounted in a strong 
iron frame, and kept in contact by means of screws ; motion is communicated to one 
of the rolls, either by a water-wheel or steam-engine, but the other is made to revolve 
by the friction generated between the moving roll and the stuff to be crashed. This 
mill is usually employed for reducing mineral substances which have already received 
some mechanical preparation, but machines have been contrived with a series of rolls, 
set below each other, into which the stuff is introduced as brought from the lode 
under-ground. In order to effect this operation, the upper rolls are fluted, and the 
lower ones have various speeds and diameters, hut it may be remarked that although 
this arrangement has been somewhat extensively employed in the north of England, 
yet it has found few advocates either in Wales or Cornwall. 

The practice of keeping the rolls together by screws acting on the bearings is ob- 
jectionable, since the entrance of a piece of steel, or other hard substance of greater 
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width than tbe fifed opening between the rolls, immediately produces a stoppage and 
strains the apparatus, or otherwise causes serious breakages to some of the parts. In 
order to obviate these evils, the rolls are usually adjusted and kept in position by 
weighted levers pressing on their axis. .. . . ^ . 

As the machines employed in Cornwall may he considered the most effective in 
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operation as well as complete in their construction, that type is selected for repre- 
sentation. 

b b {jig. 923), are the crushing rollers fitted in a strong frame-work of cast iron, 
which it stayed by a wrought iron bar 6, and firmly bolted to longitudinal beams in- 
serted in the walls of the crushing-house. The rollers revolve in bearings, which are so 
arranged as to slide in grooves, and therefore admit of the cylinders being brought 
nearer to or separated farther from each other. To keep the rollers in contact and 
yet allow the action to take place, a weighted lever a is placed on each side, which by 
means of tension bars connected with one of the bearings, keeps a constant pressure 
upon the rollers. The ore to be crushed is lodged upon a floor c, and introduced into a 
hopper D, from which it falls between the rolls; the requisite crushing pressure being 
attained by increasing or decreasing the weights applied to the end of the lever. The 
crushed ore passes from between the rollers b b into the higher extremity of an in- 
clined cylinder ■, made of coarse gauze, or perforated plate, which being set in 
motion by the same power as the rollers themselves, separates the pulverised material 
into two classes. That portion which passes through the sieve mils into a waggon 
placed on the floor of the house, whilst the other, which is too large to escape through 
the openings, is carried to the lower end of the cylinder from whence it passes into an 
inverted bucket- wheel? r, by which it is again conveyed into thfe hopper to be re- 
crushed. 

The modifications to the foregoing arrangement may be thus briefly noticed. 

In some machines the feed hopper is made of sufficient capacity to hold from 20 to 
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25 cwt of stuff; which is introduced by means of a tram waggon, and renders hand 
feeding unnecessary. The shoot conveying the cradled ore to the rotating sieve, x, 
is sometimes divided at the bottom into two parts, one to deliver rough, and the other 
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fine staff. In connection with each division, is a cylindrical riddle revolving and 
separating the work according to the fineness or coarseness of the mesh employed. 

A circular sieve divided midway into two parts, each of a different mesh, is in 
some instances, advantageously substituted for two sets of sieves $ whilst, in other 
cases, circular sieves are omitted, the operation of sising being performed by fixing 
perforated plates on the periphery of the inverted wheel 
Instead of one roll being drawn towards the other, they are more commonly kept 
in contact by direct pressure, which is effected as shown in fig*. 924, 925. 

a, lever hung to the cast-iron frame b at o, and pressing upon pin at d. When it 
is required to change the rollers, the pressure resulting from the lever ▲ and weighted 
box e, is relieved by means of the screw tackle f. 

The considerations which should be attended to in constructing a crushing mill, 
are, first to make all the parts sufficiently strong to meet the varying resistances which 
continually occur in crushing. For this purpose, the framework to receive the rolls 
ought to bo of good cast iron, the axles of the rollers of best wrought iron, and the 
cylinders of the hardest and most uniform metal 2ndly. To design the machine, so 
that the matter to be crushed may be readily delivered into the hopper, sised by the 
circular sieves, for the dressing process, and such portions as are not properly crushed, 
returned to the rolls without the intervention of manual labour. In order to effect 
this, the inverted, or raff wheel d. fin. 925, shown in section, ought to be made of 
sufficient diameter to allow the stuf£ on being discharged, to descend by its own 
gravity, into the feed-hopper. Srdly. To extend from the axis of the mllen, long 
tumbling shafts, A A, fig. 925, and fix on their ends the driving wheels b b, allow- 
ing a little play in the plummer blocks, so that any undue opening of the rolls 
may not vary the pitch line of the wheels, b b, to •such an extent as to endanger the 
safety of the teeth. 4thly. To construct the roll so that it may be readily changed, 
yet maintained on its axis without slipping when in motion. One of the most efficient 
plans for this purpose, is shown in the following woodcut, in which a is the axis or 
arbor, and d the roll 





It will be seen that the cylinder roll is fitted with four internal projections ; these 
are of the same length as the portion of the groove marked bb / , but no wider than 
the narrower part of the groove c. When the cylinder is to be fixed on the axis, the 
studs are introduced into the recesses c, and the cylinder advanced into its working 
position, when it is turned until the studs fit into that portion of the recess between 
b b', and which are then wedged to the roll by a close-fitting cutter. 

5thly. The diameter of the rolls should be decreased, and the length increased in 
proportion to the fineness of the stuff to be emshed, since a fine material requires a 
longer line of contact, and not so large a grip as coarser substances. 

In practice it has been found advantageous to make the roller placed on the driving 
shaft somewhat longer than that which is opposite, and to work the rolls by spur 
gearing rather than by friction, since the latter is proved to fhrnish less economical 
results than the former. It has also been found injudicious to harden the rolls by 
chilling ; hence ordinary sand cast rolls are most frequently employed. 

The speed of the rolls varies from 45 to 60 feet per minute, but this necessarily 
differs with the character of the stuff to be crushed. Again great variation is ex- 
perienced in the quantities crushed within a given period, since a small amount of 
moisture in vein g tuff of a certain class, makes it cake, and will thus considerably 
reduce the produce of the mill On the other hand, if the matter operated upon, be 
very dry, heavy, and brittle, as in the case of some varieties of lead ore, the produce 
may be much increased, since the mill can bo driven at a great speed ; a less bulk 
will have to pass for a given weight, and there will be a smaller quantity of material 
carried back by the raff wheel to be recrushed. a t 

Variable speeds have sometimes been tried in order to produce friction together 
with pressure a! the line of contact, but it has been found that any departure from a 
uniform speed on the two surfkces, absorbs a considerable additional amount of power, 
without materially augmenting the results. 

The various dimensions and velocities of the rolls, crushing force, and power em- 
ployed, effective value of different mills, &c, now in use, may be gathered by referring 
to the following table:— 
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Amutre or tahona. — This machine is extensively employed in the mining districts 
of Mexico, for grinding silver ores previous to their amalgamation. 

It consists of a strong wooden axle a (fig. 927), moving on a spindle in a beam b above 

927 





of two 
per. 


































GRINDING AND CRUSHING MACHINERY. 537 

formed by four large porphyritic or basaltic stones, two of which are shown, e e. 
These are loosely attached by thongs of leather, or small sixedrope,tothe four arms, and 
are dragged round oAr the ore, which Is pot in with water, until it is ground to a very 
fine . slime or mod, called the lama. One of these machines, when in good working condi- 
tion, will grind from 600 to 800 pounds weight of ore in twenty-four hours. In Goa* 
naxuata, where the best and finest grinding is obtained in the arrastres, the lining or 
foundation and the grinding stones, are of coarse, grained porphyry, and form a 
rough surface. The cost of this apparatus in Mexico, including the pawing of the 
bottom, and the four metapile « or stones, is on an average 7 L The original weight 
of a metapile, is about 700 pounds, its dimensions are 2 feet 8 inches long, 18 inches 
brood, and 18 inches deep. Notwithstanding the hardness of the stones employed, 
they are so worn as to become unserviceable in the course of ten or twelve weeks ; the 
bottom, however, is only replaced once in twelve months. 

This apparatus is well suited to patio amalgamation, but it affords bad results for 
the power expended. 

' Edge mill. — This machine is employed for the purpose of reducing gold and 
silver ores to an impalpable powder. It is also used extensively in grinding flints 
stones, slags, and a variety of other products. However much the details of this 
apparatus may vaiy, its principle is the same in all cases, a Two vertical runners 
rotate on the outer circumference of a flat or Blightly conical basin and afford a 
frictional or grinding area equal to the difference of distance performed by the inner 
and outer edges. 

The subjoined woodcut, fig. 928, represents a mill constructed at the Mould Foundry, 



Flintshire. ▲, rotating pan, resting upon frictional wheels n s c, vertical abaft firmly 
keyed to pan a, to which motion is communicated by wheel gearing d, The runners 
x i revolve on arm r, and may be of cast iron or of stouo bound with a ring of iron. 
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These runners have no progressive motion bat have free play to rise or fall on axis Ov 
and in the stay slots o o. 

The following dimensions and particulars are derived from one of the edge mills 
recently working at the Fabrics La Constante in the province of Guadalajara, Spain. 

Diameter of edge runner ..... 6 feet 

Width of do. do. ..... Centre 20 in. edge 1G in. 

Weight of do. do. ----- 3 tons 15 cwt 

Speed of runner - - 200 feet per minute. 

Diameter of interior circle of runner - - - 4 feet 

Gauge of stuff previous to its being ground - - 10 holes to the lineal inch. 

Do. after it leaves the mill ... 60 „ „ 

Quantity of stuff reduced per 10 hours - 350 lbs. 

Horse power employed - ..... 7. 

In some machines erected at the Rcal-del-Monte mines in Mexico the stones were 
6 feet in diameter and 12 inches wide. They were fitted with a ring of wrought iron 
3 inches thick. Each pair of runners revolved round a centre on its own axis, in a 
cast iron basin of which the bottom was 7 inches thick. At first good results were 
obtained, each mill if k^t constantly at work groundnearly ten tonf per week ; but as 
their axles, and particularly the wrought iron rings and cost iron bottoms, began to 
wear hollow and to lose an even surface, the grinding rapidly diminished, and with 
one vear's work they were completely worn out. 

The chief advantage of this machine is its simplicity of construction and consequent 
small first cost ; but all its parts require to be made of great strength, and therefore of 
proportionate weight ; hence, in addition to the rapid wear to which it is liable, this 
apparatus becomes objectionable for countries where transit of heavy machinery is 
more than ordinarily difficult and expensive. 
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been found more effectual than the horizontal mill It affords the largest area of 
frictional surface for the least wear and tear, and accomplishes equal results at a cost 
not exceeding one-fourth of that incident to the edge mill 

The construction of foe horiiontal mill will be rendered intelligible by foe aid of the 
preceding illustration,/#. 929, in which one pair of stones is shown hi section. ▲ is a 
circular nopper, into which the stuff to he ground is introduced ; bb, small pipes of 
sheet iron, for delivering foe stuff between foe surfaces of the runner a and bed-stone 
d ; d, casing enclosing foe runner into which foe ground material is delivered ; 
b, hole in centre of runner ; r, driving-shaft, with continuation shaft a, for giving 
motion to a Jacob's ladder if requisite *, h h*, regulating screw for elevating runner o ; 
j, driving-wheel ; x, crown-wheel ; l, wheel giving motion to pinions mu'; and w, 
vertical shaft, to drive any supplementary apparatus which may be requiring such, as 
siiing sieve, &c. Four pain of stones are usually driven by foe wheel l. Tho 
surface of foe runner is in contact with the bed-stone, from tie periphery to within 
one- third of its diameter. The line of the runner then feathem upwards, in order to 
receive the stuff freely and to equalise foe resistance throughout foe area of the bed- 
stone. 

The following particulan will convey much practical information relative to tliis 
machine: — « * 

Diameter of stones - - - - -4 feet 2 inches. 

Thickness of bed-stone - - - -12 inches. 

Ditto runner - - - - - 14 inches. 

No. of revolutions of Btone per minute - - 108. 

Gauge of stuff in stopper - - - - 100 holes to the square inch. 

Ditto on delivery - 3GOO ditto. 

Quantity of stuff ground per 10 hours - - 1 ton per pair of stones. 

Power employed in horses - About 5 per ditto. 

Revolutions of sizing sieve - - - - 23 per minute. 

Diameter of ditto - - - - 30 inches. 

length of ditto - 108. 

No. of holes per square inch in sizing sieve - 3600. 

Character of runner - Coarse conglomerate. 

Ditto bed-stone .... Compact quartz, moderately hard. 

Duration of runner ■ - Average 18 weeks. 

Ditto bed-stone - Ditto 22 ditto. 

When dressed ------ Every third day. 

From a scries of practical experiments made on the same stuff by these several 
mills, the following results have been obtained : — 





No. of Holes 

Quantity of 




persq.in. in 
Sising Sieve. 

Stuff ground 
in 10 Hours. 





Cirts. 

1. Horizontal mill - 

. 

- 

3600 

20 

2. Crushing mill 

- 

- 

3600 

13 

3. Edge mill - 

• 

- 

3600 

13 



The crushing machines which are iu general use at Alston Moor and the northern 
mines of this country, and where they have been employed for upwards of fifty years, 
differ in some respects from those described. 

This machine is composed of one pair of fluted cylinders, x x,fig. 930, and of two 
pairs of smooth cylinders, z z, z' s', which serve altogether for crushing foe ore. The 
two cylinders ofeach of the three pairs turn simultaneously in an inverse direction, by 
means of two toothed wheels, as at m, fig. 931, upon the shaft of every cylinder, which 
work by pairs in one another. The motion is given by a single water wheel, of which 
foe circle aaa represents foe outer circumference. One of the fluted cylinders is 
placed in foe prolongation of foe shaft of this wheel, which carries besides a cast iron 
toothed wheel, geered with the toothed wheels e e, fixed upon the ends of two of the 
smooth cylinders. Above the fluted cylinders there is a hoppfer, which discharges 
down between them, by means of a particular mechanism, the ore brought forward by 
foe waggons a. These waggons advance upon a railway, qjpp above the hopper, ana 
empty their contents into it uirough a trap-hole, which opens outwardly in the middle 
of their bottom. Below foe hopper there is a small bucket called a shoe, into which 
the ore is down, and which throws it without ceasing upon the cylinders. 
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in consequence of the constant jolts given it by a crank-rod, i (fig. 981), attached 
to it, and moved by the teeth of the -wheel m. The shoe is v* regulated, that too 
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much ore can never fall upon the cylinders and obstruct their movement. A small 
stream of water is likewise let into the shoe, which spreads over the cylinders, and 
prevents them from growing hot The ore, after passing between the fluted rollers, 
falls upon the inclined planes n n, which turn it over to one or other of the pairs of 
smooth rolls. 

These are the essential parts of this machine ; they arc made of iron, and the smooth 
ones are case hardened, or chilled, by being cast in iron moulds. The gudgeons of 
both kinds move in brass bushes fixed upon iron supports k, made fast by bolts to the 
strong wood-work basis of the whole machine. Each of the horisontal bars has an 
oblong slot, at one of whose ends is solidly fixed one of the plummer- block or bearers 
of one of the cylinders /, and in the rest of the slot the plummer-blocks of the other 
cylinder g slides ; a construction which permits the two cylinders to come into contact, 
or to recede to such a distance from each other as circumstances may require. The 
movable cylinder is approximated to the fixed ones by means of the iron levers x x, 
which carry at their ends the weights p, and rest upon wedges m, which may be slidden 
upon the inclined plane n. These wedges then press the iron bar o, and make it ap- 
proach the movable cylinder by advancing the plummer-block which supports its axis. 
When matters are so arranged, should a very large or hard piece present itself to one 
of the pairs of cylinders, one of the rollers would move away, and let the piece pass 
without doing iqjury to the mechanism. 

Besides the throe pairs of cylinders which constitute essentially each crushing machine, 
there is sometimes a fourth, which serves to crush the ore when not in large fragments, 
for example, the chats and cuttings (the moderately rich and poorer pieces), produced 
by the find sifting with the brake sieve. The cylinders composing that accessory 
piece, which, on account of their ordinary use, are called chats-roUers, are smooth, 
and similar to the rollers z z and s' zf. The one of them is usually placed upon the 
prolongation of the shaft of the water-wheel, of the side opposite ,to the principal 
machine; and the other, which is placed alongside, receives its motion from the first, 
by means of toothed wheel-work. 

Mackworth's Patent Crushing Ratters, figs. 932 and 933, for Coal and other 
Minerals. These rollers are made conical to equalise the wear, and as one roller 
travels fhster than the other, the fragments are partially turned over, so as to 
present their weakest line of fracture to the direction of the crushing force. Less 
power is required to work these rollers. In lieu of the counterbalance weight usually 
employed to allow the rollers to separate and pass excessively hard fragments, and to 
, bring the rollers together again, the machine is made more compact and simplified by 
connecting 2 brass collars, .m which the rollers work by a number of bands or cords, 
of vulcanised indiarabber strongly stretched. A compound cord of indiarubber, 
8 inches in diameter, composed of 144 small and separate cords, when stretched 
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to double its natural length gives a strain of 3 tons. The brass Conors do not 
revolve. 

933 
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GRINDSTONE. Grinding-stones or grit-stones, are varieties of sandstone, most 
of those which aru celebrated being obtained from the sandstones and millstone grits 
of the coal measures. Mr. Knight describes the best known varieties, which are the 
following:*— • 

Newcastle Grindstones. These abound in the coal districts of Northumberland, 
Durham, Yorkshire, and Derbyshire. They are selected of different degrees of coarse- 
ness and density, according to the work for which they are required. 

Bilston Grindstone is a similar description of stone, of great excellence, of a 
lighter colour, much finer, and of a very sharp nature, and at the same time not too • 
hard. It is confined to a small spot of limited extent near Bilston in Staffordshire, 
where it lies above the coal 
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Wxckxbblet Gmndstonbs. These are obtained from a Tillage about 9 miles east of 
Sheffield, and are much used for the finer description of edge tools. 

Shxtvzkld Grindstone. A bard coarse grit stone, used for minding large files and 
the like ; it is obtained from Hardiley, about 14 miles north or Sheffield. 

Devonshire Batts, are obtained near Collumpton. 

Yorkshire Gbit and Congleton Gbit, are other varieties from which grind- 
stones are mano&ctured. 

Burb Stones. These are very celebrated ; they are found at La Fertg-sous- 
jouarre (Seine et Maine), and are said to be unequalled for gristmills. The combined 
roughness and hardness of this tertiary quarts deposit give it immense advantages. 
The stones formed of this rock are usually pieced, which renders them very expensive. 

GRIS-PERLE. The name given by the French dyers to a grey produced by the 
action of sulphuric acid on aniline violet It is much used in dyeing silk. See 
Aniline. 

GRIT. A peculiar hard sandstone. See Millstone Gbit. 

GROATS, EMBDEN. — When oats are deprived of their integuments, they are 
called groats , and when these are crushed, they are known as Embden groats. Oatmeal 
is prepared by grinding the grains. 

GROS DE NAPLES. A plain silk fabrio woven of organsine silk, with much 
neatness and care. 

GROUND IVT. Nepeta Glechomo. The leaves of this plant were formerly 
thrown into a vat with ale, to clarify it and give it a flavour. 

GROVE or GROOVE. A mining term in Derbyshire. “ The mine, or work that 
a man is employed in. Hence it is, if a question be asked, Where is Tom to day ? — He 
is gone to the groove, he is at the groove. Sometimes it is used for the shaft, and 
miners are commonly called groovers " — ffooson’s Miner's Dictionary. 

GROWAN. A local term applied in Cornwall to granite in an imperfect state, 
either through decomposition, or irregular formation. It is said that the term is some- 
times applied to the solid granite. We have never heard it so used, and the miners 
and the quariymen draw a well defined line between a granite and a g rowan. 

GUAIACUM. (Qalacy Fr. ; Guajaharz , Germ.) Both the wood and resin are 
imported ; they are used medicinally. It is known that, after the discovery of the 
New World, when the first syphilitic diseases showed themselves in Europe, the origin 
of which was erroneously ascribed to Santo Domingo, the guaiacum wood was con- 
sidered as specific against this disease. The historian Herrera informs us that one 
pound of the wood was at that period paid in Spain with seven piastres. The gum 
which exudes from the wood, and possesses, as it may be conceived, the medicinal 
qualities in a much higher degree, is now valued at sevenpenoe per pound. The 
quantity exported from Santo Domingo in 1855 amounted to 11,883 lbs., valued at 
£37\.— Consuls Report. 

GUANO. This extraordinary excrementitious deposit uf certain sea-fowls, which 
occurs in immense quantities upon some parts of the coasts of Peru, Bolivia, and 
Africa, has lately become an object of great commercial enterprise, and of intense 
interest to our agricultural world. More than twenty years ago it was exhibited and 
talked of merely os a natural curiosity, but since that time the quantity imported into 
England alone has risen from 30,000 to 350,000 tons (in 1858), the value of which was 
estimated at no less than £3,000,000, as drown by the following numbers, from the 
“ Statistical Abstract of the United Kingdom, from 1850 to 1864.” 

Imports qf Guano (in tons),/*?* 1850 to 1864.— 1850, 116,925 ; 1851, 243,014) 
1852, 129,889; 1858, 123,166; 1854, 235,111; 1855, 305,061 ; 1856, 191,501; 
1857, 288,362; 1858,353,541; 1859,84,122; 1860, 141,435; 1861, 178,423; 1862, 
141,636; 1863,233,574; 1864. 131,358. 

During the last two years the quantity imported has somewhat diminished and hence 
the rise m price, from £11 to £14 per ton. It is curious that, though situated at so 
great a distance from the sources of supply, Great Britain is by fhr the largest con- 
sumer of Guano, if we may credit the following. 

Statement of the Quantities Exported from the Cineha Islands during the Years 1850-1 


Tons of Guano sent to — 

IBM. 

18S1. 

England - 

- 102,421 

150,663 

France 

1,429 B 


United States - 

- 14,250 

$8,371 

China 

252 

« 

Total 

- - - - 118,352 

189,024 


u Natural History and Geography . — Huano in the language of Peru, signifies dung; a 
word spelt by the Spaniards, guano. 
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The conditions essential for the preservation of these excrements appear to he the 
existence of a soil consisting of a mixture of sand and clay, in a country where the birds 
are allowed to live for ages undisturbed by man or man’s works, and where, moreover, 
the climate is very d:y, free not only from rain, but also from heavy dews. 

These conditions appear to have been combined to a remarkable extent on the coasts 
of Peru and Bolivia, between latitudes 13° north, and 21° south of the equator, for 
although beyond this region the flocks of cormorants, flamingoes, cranes, and other 
sea-fowl, appear to be equally numerous, yet the excrement is rapidly carried away 
by the rain or dew. 

It is then the dryness of the climate chiefly which has permitted the guano to accu- 
mulate on these coasts, for, says Mr. Darwin* — 1 “ In Peru real deserts occur over wide 
tracts of country. It has become a proverb that rain never Alls in the lower part of 
Peru.” And again : - “ The town of Iquique contains about 1000 inhabitants, and stands 
on a little plain of sand at the foot of a great wall of rock, 2000 feet in height, the 
whole utterly desert A light shower of rain fulls only once in very many years." 
Indeed since tdrcc fifths of the constituent parts of guano are soluble in cold water 
Prof. Johnstone very justly observes tbatf,“A single day of English rain would dissolve 
out and carry into the sea a considerable portion of one of the largest accumulations ; 
a single year of English weather would cause many of them entirely to disappear." 

Such being the wise, we might expect to find similar accumi^ations in other hot and 
dry climates, as in Egypt, and in Africa, e. g. in the neighbourhood of the Great Desert ; 
and only a few years since a considerable deposit of guano was found in the Kooria 
Mooria Islands. 

In Peru the natives have employed it as a manure from the remotest ages, and have 
by its means given fertility to the otherwise unproductive sandy soils along their coasts. 
While Peru was governed by its native Incas, the birds were protected from violence 
by severe laws. The punishment of death was decreed to the persons who dared to 
laud on the gnaniferous islands during the breeding period of these birds, and to all 
persons who destroyed them at any time. Overseers were appointed by the govern- 
ment to take care of the guano districts, and to assign to each claimant his due shore 
of the precious dung. The celebrated Baron Von Humboldt first brought specimens to 
Europe in 1804, which he sent for examination to Fourcroy, Vauquelin, and Klaproth, 
the best analystical chemists of the day; and he spoke of it in the following terms:— 

“ The guano is deposited in layers o r fiO or 60 feet thick upon the granite of many of 
the South-sea islands off the coasts of Peru. During 300 years the coast birds have 
deposited guano only a few lines in thickness. This shows how great must have been 
the number of birds, and how many centuries must have passed over in order to form 
the present guano beds." 

There appear to be three varieties in Peru ; the white, grey, and red, the first being 
the most recent, and the last the oldest ; and in the midst of the great accumulations of 
the last kind, bones and feathers of birds are found (Frarier), os if to remove any doubt 
which might still remain as to its origin. 

Cincha Island Gunno.— Much of the so-called Peruvian guano, is exported from the 
Cinclia islands. They are three in number, and lie in one line from north to south 
about half a mile apart Each island is from 5 to 6 miles in circumference, and con- 
sists of granite covered with guano in some places to a height of 200 feet, in successive 
liorixoutal strata, each strata being frem 3 to 1 u inches thick, and varying in colour 
from light to dark brown. No earthy mutter whatever is mixed with this vast moss of 
excrement At Mr. Bland's visit to these islands in 1842, he observed a perpendicular 
surface of upwards of 100 feet of perfectly uniform Aspect from top to bottom. In some 
parts of these islands, however, the deposit does not exceed 3 or 4 feet in thickness. 
In several places, where the surface of the guano is Tt)0 feet or more above the level of 
the sea, it is strewed here and there with masses of granite, like those from the Alpine 
mountains, which are met with on the slopes of the Jura chain. These seem to indicate 
an ancient formation for the guano, and terraqueous convulsions since that period. No 
such granite mosses arc found imbedded within the guano, but only skeletons of birds. 
The accompanying wood-cut, fig. 934, shows the nature of the formation. 

Tbo export of the guano has increased considerably during the last few years : be- 
tween 300,000 and 400,000 tons are the annual amount at present, which is effected 
by the aid of 900 working hands, 320 of them being Chinese, who enter into contracts 
to serve their employer (the Government contractor^, Don Domingo Elias, for 4 dollars 
a month, renewlhg it, if they choose, with the increase of 4 dollars monthly, and 
a boons of 120. Those who work on their own account are paid 8 and 10 rials, 4 and 
6 shillings, for each cart that they load. They live in a collection of dirty huts made 
of bamboo and mud; they, nevertheless, appear to be happy and contented, and im 


* Rwnrche* in Geology nnd Natural History, p. 4?S. 

t On Gtuuia Jourral of the Agricultural Society of Kugtand, vol. H. p. 315. 
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general are well conducted. The men with pickaxes work their way into the guano, 
tearing a sort of wall on cither aide ; here it is so hard that it requires a heary blow 

934 _ 



The smell of ammonia is said to be very pbwerfhl, so mnch so, in ihct, as to affect 
the eyes of the workmen \ crystalline deposits of rarious ammoniaeal salts am also 
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found amongst the guano. The guano heaps arc surrounded by a high fence to pro- 
vent its being blown away by the wind, near the mouths of the canvas tubes or shootB, 
which are sometime# 70 feet long, through which it is conducted to the boats. See 
fiy. 935. 

As in Peru, the surface of the guano is covered with skeletons of birds, and hones 
of seals. It is also perforated by numberless holes, running in every direction, like a 
rabbit warren. These are made by a bird about the size of a pigeon, which remains 
hidden during the day, sallying forth at dark to fish. Gold and silver ornaments are 
also discovered occasionally, having been buried by the ancient inhabitants more than 
three centuries ago. 

h 1® quite unnecessary here to insist on the value of guano as a manure. This is 
a point established beyond all question by nearly every agriculturist in the kingdom; 
and recorded by all classes of writers on agricultural subjects ; it has been the means 
moreover of cog verting the sandy desert around Lima into a soil capable of raising 
abundant crops of maize; hence the Peruvian proverb, Iluauo, though no saint, 
works many miracles.” 

Commercial varieties.— The following appear to be the chief : — 


1* Peruvian. 

2. Augamos 

3. Jchaboe. 

4. Patagonian. 


5. SiddWiba Pay. 
G. Konria Mooria. 

7. African. 

8. Indian. 


Chemistry . — Guano iH'irg an article of so great valucto the agriculturist as a manure, 
and being liable not only to adulteration to a very great extent, but also varying when 
genuine considerably in quality, it is highly important to have some means of ascer- 
taining its value. This cannot be done satisfactorily by ever so experienced a dealer 
by mere insjiection, and therefore, both for the buyer and the seller, resort is necessary, 
for a knowledge of its compound parts, to the analysis of the chemist.* Such being the 
case, we must first ascertain the composition of genuine guano, and then inquire upon 
which of its several constituents its value as a manure depends. 

The following is one of the earliest analyses by Fourcroy and Vauquelin, of a sample 
of guano presented to them by 15an a Yon llumboldt, showing the composition in 100 
parts : — 


Urate of ammonia - - - ----90 

Oxalate of ammonia ------ u>-6 

Oxalate of lime 7 0 

Phosphate of ammonia ------ G-l) 

Phosphate of ammonia and magnesia - - - 2*6 

Sulphate of potash ------- 6 5 

soda 3 3 

Sul ammoniac- ------- 4'2 

Phosphate of lime - - - - - - 14 3 

Olay and sand ------- 4*7 

Waterand organic matter ----- 32-2 


Hut perhaps the constitution of guano is better exhibited by the following analysis 
of three sorts by Denham Smith. 

American Guano. — Analysis of three sorts hy Denham Smith. 

1. Constituents soluble in hot Water ( in 100 parts of yuano). 



I. 

II. 

III. 

Phosphate of lime 

0-186 

m m 

mi 

Phosphate of soty - 

0*120 


0*133 

Phosphate of ammonia and magnesia - 

■ 

0-784 

Uric acid ------- 


- 


llrate of ammonia - 

mV 



Organic matter 

1-180 

| 0-860 

0-756 


• Liebig*! “ Cbemiitry la Its appUcat-om to Agriculture and PhjiloloKT.’’ o. US. 

Vol. II. * N N 
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9. Constituents soluble in cold water (in 100 patfe). 







D 

IL 

III. 

Water - 
Sulphate of potash - 


- 



22-200 

8-00 

20420 

7-700 

Sulphate of soda 





- 

23-944 

19-177 

Phosphate of potash - 





- 

7-732 

4-947 

Phosphate of soda 





- 

- 

3-60 

Phosphate of ammonia 
Phosphate of lime 





6*33 

6124 

r 


Oxalate of ammonia - 





7-40 

939 


Oxalate of soda - 





- 

- 

10-563 

Chloride of potassium 





- 

- 

4-163 

Chloride of sodium • 





- 

- 

28-631 

Chloride of ammonium 





2-55 

- * . 

3-030 

Organic matter - 





1*500 

0-668 

2-553 


3. Constituents insoluble in water (in 100 parts). 



B 

ir. 

III. 

Phosphate jof lime ----- 


6-270 

18-113 

Phosphate of magnesia - 


0-874 

2-580 

Oxalate of lime ------ 

2*500 

10-958 


Sand, &c. ------ 

Peroxide of iron and alumina - 

15-G0 

0-720 

0-420 

- 

- 

0 150 

Hunms ------- 

Organic matter ------ 

2636 

3456 

0-862 

0*836 

Water ------- 

- 

mSSM 


Loss - - - - - 

0-044 

IBB 



We may also quote the following analysis by Dr. Ure, of guano, imported from 
Bolivia, by the “Mary Anne,'* being the first cargo thcncc imported. 

It was of a pale yellow-brown colour, dry, partly pulverulent, partly concreted, in 
small lumps. Its mean specific gravity was 1*63. 


The soluble portion was found to contain : — 

Urea 5*0 

Sulphate of potash ....... 7*9 

Chloride of sodium •- - - - - - -5*0 

Phosphate of ammonia - - - - - -5*5 

Oxalate of ammonia ------ 06 


24 0 


The insoluble portion contained : — 


Silica - -- -- -- -- 22 5 
Phosphate of lime ^ • g*oo 

Phosphate of magnesia and ammonia - - # 1*25 

Urate of ammonia - - ■ - - - - -15 97 


Undefined nitrogenised organic matter, yielding by 
combustion with soda lime 17-05 parts of ammonia - 41 -J3 


69-50 


The total quantity of ammonia yielded by it, was 20-95 per cent 
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Analysis of Cincha Island Guano. ( Ure .) 

» 

Matter soluble in water ... - - 47 00 


consisting of — 

Sulphate of potash, with a little sulphate of soda 

Muriate of ammonia - 

Phosphate of ammonia .... 

Sesquicarbonate of ammonia ... 
Sulphate of ammonia ..... 

Oxalate of ammonia ..... 

Water ------- 

Soluble organic matter and urea ... 


Ammon 'a 

6*00 

3*00 0-95 

1-1*32 4*02 

1*00 0 34 

2-00 0*50 

3*83 0*89 

8*50 
8 95 


47-00 


Matter insoluble in water ...... 53-00 

consisting of — 

Silica - -- -- -- -- ]*25 

Undefined organic matter ------ 9*52 

Urate of ammonia ------- 14-73 1*23 

Oxalate of lime - - 1 * 00 ? 

Subphosphate of lime- ------ 22*00 

Phosphate of magnesia and ammonia - - 4*50 0 32 


53 00 9*80 


Valuable as these elaborate analyses are in a scientific point of view, they arc quite 
unnecessary for praeticul purposes in ascertaining the value of auy given sample, for 
on which of these vurious constituents does the chief efficacy of guano depend ? 

Ammonia . — Undoubtedly one of the wont, if not the most t important constituents of 
guano is the ammonia. Authors differ as to the precise manner in which ammonia 
and its salts act in promoting the growth, and especially in the development of the 
nitrogenised compounds of plants ; but the fact is placed l>eyond dispute, whether it 
be that the ammonia contained in the air is decomposed by the leaves, or that the salts 
of ammonia are absorbed by the spongioles of the roots in solution in water. Now, it 
is quite possible that, in the mysterious economy of the life of the plant, the ammonia 
may perform a slightly different function when in different states of combination, 
either with hydrochloric, sulphuric, nitric, phosphoric, carbonic, uric, humic, or oxalic 
acids; and although, as a general rule, we should be inclined to yield the palm in point 
of utility to the more # soluble combinations, yet all experience gexs to show that the 
value of an ammoniacal manure may be measured chiefly, if not entirely, by the 
quantity of that compound present, and is in a great measure independent of its state 
of combination. 

Dr. Ure drew a distinction between what he called the actual and potential ammonia, 
L e. between ammonia and ammoniacal salts ready fqrined, and compounds, such as 
uric acid, which during their decay are gradually converted into ammonia. It appears 
that recent gnano contains from 3 to 5 per cent, of nnc acid, whilst the older deposits 
contain generally less than 1 per cent. No doubt the guano at the time of its depo- 
sition consisted chiefly of uric acid ; and it is this uric acid which hus become con- 
verted into salts o£ ammonia ; for the excrements of birds which live chiefly on fish 
are found to contain from 50 to 80 per cent, of uric acid. It is also an established 
truth in agricultural chemistry that a manure which contains bodies capable of gra- 
dually yielding up any valuable compound, such os ammonia, are more useful than 
those which contain that compound ready formed, and in the state of soluble combi- 
nations, which the dirst storm of rain may wash away from the roots of the plants, 
where they are required. Nevertheless, admitting the truth of all this, the writer is 
of opinion (and he believes this is the general experience of agriculturists) that the 
importance of this distinction between actual and potential ammonia has been rather 
exaggerated ; and that generally it is enough for all practical purposes, in estimating 
the value of a guano, to determine the total quantity of nitrogen present in every form, 
and to consider it as representing an equivalent quantity of ammonia 14 in esse ” or 
“ in posse.” 


MMJ 
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The amount of ammonia corresponding to the total quantity of nitrogen in the 
several varieties of guano ranges as follows , — s 


1. Peruvian, 

(From 9 analyses by Way*) of samples imported in 

1847- 8 

From Mr. Way's analyses of 10 samples imported in 

1848- 9 

From Mr. Way's analyses of 14 samples imported in 

1849 

Mean 

So that the average quantity of ammonia, either exist- 
ing in, or capable of being yielded by genuine Peruvian 
guano, may be estimated at about 17 per cent 

2. Anyamtts guana 

Ammonia (actuil and potential) from two analyses by 

Dr. Ure 

So that this variety is Blightly richer in ammonia aud 
nitrogenised compounds than the Peruvian. 

3. Ichahoe guano. 

Ammonia (actual and potential) from 11 analyses by 
Dr. Ure and Mr. Teschemaclier - 
Showing that this variety , as far as regards nitrogenised 
coni|>ound8, is for inferior to the preceding; and the 
same remark applies to the succeeding varieties, e.y . : — 

4. Patuytmian guano. 

From analyses of 14 samples by Dr. Ure and Mr. 
Tesclicniucher ------- 

5. Stthhmka Bay guano. 

From results of analyses of 9 samples by Mr. Way - 
From results of 9 analyses by Dr. Ure and Mr. 
TeHchcniucher ------- 

G. Kooria Mooriit. 

From results of 3 analyses by Mr. Ncsbit- 
Froin results of 3 analyses by Mr. Apjohn 


Mszl- 

mum. 

Mini- 

mum. 


18*94 

16*40 

17-67 

17*81 

15*98 

16*189 

18*94 

16*82 

17*88 

"17*246 

20*89 

20*40 

20*64 

9-5 

4*5 

7*3 

4*68 

1*60 

254 

2*49 

0*94 

1*68 

2*10 

1*25 

1*56 

0*34 

0*318 

0*17 
. 0*127 

0*25 

0*22 


So that the average quantity of ammonia in the several varieties is — 

T'eruvian - - 17 per cent. I Patagonian - - 2*5 percent 

Angamos - - 20 „ Saldanha Day -1*5 „ 

Ichahoe - - 7 „ | Kooria Moon' a - 0 25 ,, 


Potash Of the two alkalies, potash and soda, the soil usually contains more than 

sufficient soda for the supply of vegetation ; it is therefore chiefly potash which it is 
necessary to add in the form of manure. 

Besides, eveu the best guano always contains a considerable quantity of common 
salt viz. from 1 -0 to 2*5 and even 5 per cent 

Mr. Way, in liis valuable paper, “ On the Composition and Value of Guano," only 
gives the quantity of alkaline salts, not having determined the potash ; but the average 
quantity of potash iii genuine guano may be seen by referring to the analyses before 
given in deluil, and will be found to vary from 3 to 4 per cent 

However, in estimating the value of guuno the knowledge of the quantity of potash 
is by no means of the same importance as of the ammonia, or the phosphoric acid. 

Phosphoric acid . — The phosphoric acid is second in importance to no other consti- 
tuent than the ammonia; beiug essential for the development of the seeds and all those 
portH of the vegetable organism, which serve us foods in the production and restoration 
of the flesh and boues of animals. It exists in the guano (as u shown by the Dre- 
ading detailed analyses) in combination with ammonia, potash, soda, aud lime 1 


• * c ““»- * & 
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The amount of phosphate of lime in the several varieties of guano is as follows : 


r 

Maxi- 

Mini- 

mum. 

Mean. 

Peruvian. 

From analyses of 9 samples by Way, imported in 1847-8 
From Mr. Way’s analyses of 10 samples, imported in 
1848-9 

34*45 

19 46 

26*95 

25*30 

21*31 

23*30 

From Mr. Way’s analyses of 14 samples, imported in 
1849 

28*98 

21*28 

25*13 

Angamos. 

From S analyses by Dr. Ure - 

22*00 

18*50 

20*25 

Ichaboe. 

From 11 analyses by Dr. Ure and Mr. Tcschcmacher - 

37*00 

26*00 

31*50 

Patagonian. 

From analyses of 14 samples by Dr. Ure and Mr. Tesche- 
inocher --------- 

65*5 

29*3 

47*4 

Saldanha Bay. 

From analyses of 9 samples by Mr. Way - 

60*90 

49*01 

54 98 

From analyses of 9 samples by Dr. Ure and Mr. Tesche- 
ro ocher --------- 

62*5 

61*0 

56*7 

Kooria Mooria. 

From analyses of 3 samples by Mr. Ncshit - 

25*50 

2*80 

14*15 

From analyses of 3 samples by Mr. Apjohn - 

28*50 

5*84 

17*17 


So that the average quantity of phosphate of lime in the several specimens is iik 
follows : — 

Peruvian - - - 25*12 I Patagonian - - 47*4 

Angamos - 20*25 Saldanha Bay - - 55*84 

Ichaboe - 31*50 | Kooria Mooria - - 15*(>ti 

These facts are very suggestive os showing how guano, by exposure to air and 
moisture, has the ammoniacal salts washed out, at the same time, us a consequence, 
increasing the ratio of phosphates. 

Organic Matter . — The amount of organic matter in guano, other than ammonia and 
its salts, is of no great importance in estimating its value os a manure. Mot unfiv- 
quently the amount of organic matter, containing uric acid or ammoniacal salts, is 
stated in analyses, as organic matter “ rich in ” or “ containing ammonia ; 19 but it is 
obvious such analyses are nearly worthless, the value of the guano deiiemling essen- 
tially on the quantity of nitrogen^ either existing as ammoniacal salts or capable of 
being converted into them. Good guano contains on an average about 50 per cent, 
of osli (mineral matters) and 50 per cent, of combustible (organic) matters. 

Sand. — The knowledge of the proportion of sand in a guano is of some imimrtanco 
as determining its purity or otherwise. It is easy to understand how a deposit like 
guano, existing often near the sea-shore, and frequently a sandy soil, should con- 
tain a certain admixture of sand. Some specimens are almost free from it, and few 
genuine specimens contain more than 1 to 2 percent. 

Common i salt — The presence of common salt in a guano need not surprise us. It 
Is doubtless derived from the sea, partly through the i^edium of the birds themselves, 
and partly from the evaporation of the salt spray continually driven upon the coasts 
by the wind. It is variable in quantity, as we should expect from a knowledge of its 
origin, ranging in samples of genuine guano from 1 to 5 per cent. Although comrnou 
salt has been shown * to possess a certain power of absorbing ammonia, yet this is 
but transient, and the efficacy of guano cannot be said to depend to any exteut upon 
the sea aalt present in it. The knowledge of its amount is of great importance, since 
the guano is not unfreqnently adulterated with salt. 

Water . — Obviously the larger the amount of water present in guano, the smaller 
will be the proportion of , valuable constituents in a given weight. Genuine guano 
contains on an average from 10 to about 20 per cent of water. Many of the salts in 
gnano are likewise deliquescent, so that it has a tendency to become moist by ex- 
posure to the air; and this tendency to absorb moisture, is an element of value in the 
mannre, especially in dry seasons. 

Calculation of the money value of guano from the result s of analyses. -—-In a most 
important and interesting paper M On the value of artificial manures, | Mr. Wiaj 

• A. B. Nortbcotc, on the Function of Salt In Agriculture, Phil. Mag. X. 179. 
t Agricultural Journal, xri. MS. 
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arrives at certain money values for ammonia, phosphoric acid, and the various con- 
stituents of guano and other manures, by a comparison with thp cost of these several 
compounds m their ordinary commercial salts. These numbers will be found most 
valuable to the agriculturist in drawing his own conclusions respecting the value of 
a guano or other manure from the results of analysis furnished to him by the chemist 
They are as follows : — 

£ 

Ammonia •--•-•-•56 per ton. 

Potash -------- 31 „ 

Phosphate of lime (insoluble) - - - - 7 „ 

Phosphate of lime (soluble) ----- 32 M 

Organic matter - -- -- --1 „ 

and tho following example of their application may prove usefid. 

Calculation of the money value of guano, as deduced from the cost of its several 
constituents in their commercial salts, applied to the mean composition of 
Peruvian guano deduced by Mr. Way from 78 analyses : — 


100 toijp contain 
Ammonia - - - 

16-5 

at 

£ 

56 per ton 

£ 

930 

Organic matter 

520 

>9 

1 „ 

52 

Potash - 

3*5 

n 

31 „ 

108 

Insoluble phosphate of lime 

230 

n 

1 »» 

161 

Soluble phosphate of lime 

7 0 

n 

32 „ 

224 


Value of 100 tons 

£1,473 


Or per ton - £14 15 0 


lienee it is obvious that whilBt guano was selling at 11/ per ton, it was more eco 
nomicol and convenient to employ it than to make an artificial mixture of its che- 
mical constituents; but now that the price has risen to about 14/. per ton, it becomes 
a question whether it will not be possible to produce an artificial compound having 
equal value as a manure which will compete in price with the guana 
Impurities and adulterations . — In consequence of the high price of guano tlic 
greut demand for it, and the ease with which the unwary fanner may be imposed 
upon, guano is udulteruted with various substances, and to a great extent Impo- 
sitions even have been practised by Belling as genuine guano artificial mixtures, 
made to look so much like guano that the fanner would scarcely detect it The 
writer recollects examining a guano which contained 50 per cent of sand, and no less 
than 25 per cent of sea salt ; and Ur Ure gives the following analysis of ail article 
sent to him, which had been offered to the public by advertisement as Peruvian guano 


which contained — 

Common salt ------- - 32-0 

Sand 28*0 

Sulphate of iron 5-2 

Phosphate of lime ------- 4 0 

Organic matter (from bad guano to give it smell) - 23*3 
Moisture - -- -- -- -75 


% ' 1000 

In fact so numerous and various are the tricks played with guano, that unless a 
sample is submitted to a skilful chemist for analysis before purchase, we would 
strongly recommend the agriculturist to purchase of no one but dealers of unquestion- 
able honour. 

Professor Johnstone observes:— “Four vessels recently sailed*hcnce for guano 
stations, ballasted with gypsum, or plaster of Paris. This substance is intended for 
admixture with guano, and will enable the parties to deliver from the vessel, a nice 
looking and light coloured article. The favourite material for adulterating guano 
at the present moment, is umber, which is brought from Angleseaan large quantities. 
Tne rate of admixture is, we are informed, abont 15 cwts. of umber to about 5 cwts. 

fr ° m WtiCl1 m 6X06116X14 lookin 3 article, called African guano, is 

Analysis qf Guano, 

The follb wing is Dr. lire's method for the complete analysis of gnano : — 

1. In every esse I determine, first of all, the specific gravity of the guano ; which I 
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take by means of spirits of turpentine, with a peculiar instrument contrived to render 
the process easy and precise. If it exceeds 175 in density, water being 1*0, it most 
contain sandy impurities, or has an excess of earthy phosphates, and a defect of asotised 
animal matter. 

2. I triturate and digest 200 grains of it with distilled water, filter, dry the in- 
soluble matter, and weigh it 

3. The above solution, diffused in 2000 gr. measures, is examined as to its specifio 
gravity, and then with test paper, to see whether it be acid or alkaline. 

4. One half of this solution is distilled along with slaked lime in a mat ras s con- 
nected with a small quintuple globe condenser, containing distilled water, and im- 
mersed in a basin of the same. As the condensing apparatus terminates in a water- 
trap, no part of the ammonia can be lost ; and it is all afterwards estimated by a 
peculiar meter, whose indications make manifest one hundredth part of a grain. 

5. The otherhalf of the solution is mixed with some nitric acid, and divided into 
three equal portions. 

а, the first portion, is treated with nitrate of barytes, and the resulting sulphate of 
barytes is collected, ignited, and weighed. 

5, the second portion, is treated with nitrate of silver, and the resulting chloride of 
silver ignited and jreighed. » 

c, the third portion, has a certain measure of a definite solution of ferric nitrate 
mixed with it, and then ammonia in excess. From the weight of the precipitated sub- 
phosphate of iron after ignition, the known amount of oxide used being deducted, 
the quantity of phosphoric acid in the soluble portion of the guano becomes known. 

rf, the three above portions are now mixed, freed by a few drops of dilate sulphuric 
and hydrochloric acids from any barytes and silver left in them, and then tested by 
nitrate of lime for oxalate of ammonia. The quantity of oxalate of lime obtained 
determines that point 

б. The last liquor filtered, being freed from any residuary particles of lime by oxalate 
or ammonia, is evaporated to dryness and ignited, to obtain the fixed alkaline matter. 
This being weighed, is then dissolved in a little water, neutralised with acid, and treated 
with soda-chloride of platinum. From the quantity of potash- chloride of platinum, 
which precipitates, after being filtered, dried, and weighed, the amount of potash 
present is deducted ; the rest is soda. These bases may be assigned to the sulphuric, 
hydrochloric, and phosphoric acids, in proportions corresponding to tlicir respective 
affinities. 

7. The proportion of organic matter in the above solution of guano, is determined 
directly by evaporating a certain portion of it to dryness, and igniting. The loss of 
weight, minus the ammonia and oxalic acid, represents the amount of organic matter. 

8. A second portion of a solution of the guano is evaporated to dryness by a gentle 
steam heat, weighed, inclosed in a stout well-closed phial along with alcohol of 0*825, 
and heated to 212°. After cooling, the alcoholic solution is decanted or filtered clear, 
evaporated to dryness by a gentle heat, and weighed. This is urea, which may be 
tested by its conversion into carbonate of ammonia, when heated in a test tube or small 
retort In this way I hare obtained from Bolivian gnano 5 per cent of urea ; a certain 
proof of its entire Boundness. 

9. Analyst* of the insoluble mailer . — One third of it is digested with heat in abundance 
of borax -water, containing jfo of the salt filtered, and the filter dried by a steam heat 
The loss of weight indicates the amount of uric acid, which is verified by supersaturating 
the filtrate with acetic or hydrochloric acid, thus precipitating the uric acid, throwing it 
u|K>n a filter, drying, and weighing it This weight should nearly agree with the above 
loss of weight the small difference being; due to soluble organic matter, sometimes called 
geinc and ulmic acid. The uric acid is evidenced, 1, bv its specific gravity, which 1 
find to be only 1 *25, as also that of the urate of ammonia ; 2, by its affording fine purple 
murexide when heated in a capsule along with nitric acid, and then exposed to the 
vapour of ammonia from a feather held over it ; 3, by its dissipation when heated^ 
without emitting%n empyreumutic odour. 

10. Another third of the solid matter is distilled along with half its weight of slaked 
lime, and 10 times its weight of water, in the apparatus already described, and the am- 
monia obtained from it estimated. 

11. The remaining third having been ignited, is digested with a gentle heat in weak 
h\ drochloric acid^md the ondissolved silica aud alumina washed on a filter, dried, and 
weighed. To the hydrochloric solution, dilute sulphuric acid ia added, and the mixture 
is heated till all the hydrochloric acid be expelled, with the greater part of the water. 
Alcohol of 0*850 ia now poured upon the pasty residuum, and the whole, after beinge 
w#f stirred, is thrown upon a filter. The phosphoric acid passes through, as also the 
magnesia in anion with sulphuric acid. The sulphate of lime, which is quite msoluhle 
in spirits of wine, being washed irith them, is dried, ignited, and weighed. From ths 
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weight of sulphate of lime, the quantity of phosphate of that earth that was present 
becomes known. 

12. Ammonia in excess is now added to the filtrate, which throVsdown the granular 
phosphate of ammonia and magnesia. After washing and drying this powder at a heat 
of 150°, its weight denotes the quantity of that compound in the guano. 

• 13. To the filtered liquor (of 12), if a little ammonia be added, and then muriate 

of magnesia be slowly dropped in, phosphate of ammonia and magnesia will precipitate, 
from the amount of which the quantity of phosphoric acid may be estimated. 

14. The proportion of oxalate of lime is determined by igniting the washed residuum 
(of 9), and placing it in an apparatus for estimating the quantity of carbonic acid given 
off in dissolving carbonate, of lime. I have rarely obtained more than J gr. of car- 
bonic acid from the insoluble residuum of 100 gr. of good guano, and that corresponds 
to less than l£ per cent of oxalate of lime in the guano. Sometimes no effervescence 
at all is to be perceived in treating the washed residuum with acid after ignition. 

15. The carbonate of ammonia in guano is readily determined by filtering the solu- 
tion of it in cold water, and neutralising the ammonia with a test or alkalimctrical acid. 

16. Besides the above series of operations, the following researches must be made to 
complete our knowledge of guano. The insoluble residuum (of 10), which has been 
deprived by two succ<r>sive operations of its uric acid and amnpnia, may contain 
asotisod organic matter. It is to be therefore well dried, mixed with 5 times its weight 
of the usual mixture of hydrate of soda aud quicklime, and subjected to gentle ignition 
in a glass or iron tube closed at one end, and connected at the other with an ammonia- 
condensing apparatus. The amount of ammonia being estimated by a proper ammonia 
meter, represents the quantity of azote, allowing 14 of this element for 17 of ammonia, 
being the potential ammonia corresponding to the undefined animal matter. In a sample 
of Peruvian guano I obtained 5 per cent, of ammonia from this source. 

1 7. The whole quantitity of ammonia producible from guano is to be determined by 
gently igniting 25 gr. of it well dried, and mixed with 10 times its weight of the 
mixture of hydrate of soda and quicklime (2 parts of the latter to 1 of the former). 
The ammonia disengaged is condensed and measured, as described above. 

18. The ready formed ammonia is in all cases determined by distilling a mixture of 
100 gr. of it with 50 gr of sluked lime, condensing the disengaged ammonia, and 
estimating it exactly by the meter. 

19. The relation of the combustible and volatile to the incombnstiblc and fixed 


constituents of guano, is determined by igniting 100 gr. of it in a poised platinum 
capsule. The loss of weight denotes the amount of combustible and volatile matter, 
including the moisture, which ib known from previous experiments. 

20. The insoluble matter is digested in hot water, thrown upon a filter, dried, and 
weighed. The loss of weight is duo to the fixed alkaline suits, which, after con- 
centrating their solutions, ore investigated by appropriate tests: 1, nitrate of 
baryta for the sulphates; 2, nitrate of silver tor the chlorides and sulphates ; and 
3, bichloride of platinum, for distinguishing the potash from the soda salts. 

21. The insoluble matter (of 20) is digested with lu-at in dilute nitric or hydro- 
ch'oric acid, and the. whole thrown upon a filter. The silica which remains on the 
filter is washed, ignited, and weighed. The lime, magnesia, and phosphoric acid 
may be determined as already pointed out 

If, however, the remarks made in an earlier part of this article be correct, it is 
altogether unnecessary, in order to ascertain the commercial value of a sample of 
guano, to perform so elaborate a series of operations os that described above. 

The following points arc all that are required to be investigated : — 

The amount of water; organic matter; nitrogen; proportion of ash; analysis of 
the ash as to phosphoric acid and alkalies — potash and common salt ; sand. 

' 1. Winter. — The most delicate and troublesome operation, is perhaps the determina- 
tion of the amount of water. If the substance be dried in the water-oven, aa is the 
usual practice, aft 212° F., a very large quantity of ammonia is expelled : so that it 
becomes necessary to desiccate by protracted exposure under a bell {pass, over a vessel 
of sulphuric acid. Even in this manner, the error is not entirely eliminated, and Mr. 
^Way suggests treating the specimen in a shallow platinum dish, with a few drops of 
hydrochloric acid, which is allowed to soak through the whole : he states, that it may 
then be dned at 212° F., without loss, ^ 

% Organic mailer. The proportion of organic matter ii determined in the omul way, 
oy burning it off in hi open platinum crucible, until nothing u left hot the white or 
brownish white ash, which is then weighed. 

c 8. Determination of nitrogen.— This is best performed by Will and Varrentrann'a 
process. See Watt/ 1 * Dictionary of Chemistry. 1 * 

4. Photpforic acid.— The phosphoric acid in the ash of the guano is determined by 
conversion into perphoephate of iron, and then separation as ammonio-magnesia 
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phosphate, in the usual war. Under fhe head of Ash or Orgaxio Bodies, in Watts* 
“ Dictionary of Chemistry, will be found the general method for the complete analyses 
of the ashes of organic bodies, which, if it be thought desirable, may be carried out, 
m extento, in the case of the ash of guano. 

5. Alkalies.— Thi* is, however, scarcely necessary , so long as the alkalies are deter- 
mined to ascertain the amount of the valuable alkali potash, and the extent of con- 
tamination with common salt. 

6. Sand .— The quantity of sand is determined by treating a portion of the dried 
guano with hydrochloric acid and water, till nothing more is dissolved, then igniting 
and weighing the residue. 

Statistic s of the guano trade of Peru . — We extract the following from an article 
lately published in the official journal at Lima : — The exportation of guano began in 
184 1, under the contract with the house of Messrs. Quiros, Allier, and Co. Up to the 
end of 1856, the exportation from the Cincha Islands has been 1,967,079 tons, of 
which 1,626,405 tons were sold, and 23,885 were lost at sea. The stock in hand of 
the company was 816,789 tons. The gross proceeds of all these sales came to 
$100,263,518; the charges amounted to $61,008,881, leaving net proceeds, $39,254,647; 
say at £l per $5 — £7,850,927. In the year 1857 the exportation amounted to 
472,965 tons, whiffh, added to 316,789 tons, left on hand in foe previous year, gives 
789,754 tons; of these 304,589 tons were sold, and 19,156 were lost at sea, leaving 

466.009 tons. The netprofit this year was $12,538,016, or at $5 per £l— £2,507,603. 
In the first six months of the present year the exportation has been 169,580 tons, 
which, added to those in the hands of the consignees at the closing of 1857, or 

466.009 tons, gives 635,589 tons. One of the most grievous losses that the government 
has had to suffer in their exportation of guano has resulted from losses occasioned in 
the loading of the vessels. The government estimates at 16 per cent of the guano 
exported the losses in patting on board, or by guano thrown overboard. To avoid 
this serious loss, which amounts to several hundreds of dollars, the government has 
now erected a wharf, where vessels of any tonuage come alongside to load, and by a 
railway the guano is brought on board the ships from the deposits. Besides this, in 
order that the captains of vessels should not go to sea with their cargoes of guano in 
an unseaworthy state, all vessels after receiving their cargoes, conic now to Callao to 
undergo a proper survey. Thus the sea risks are likely to be greatly lessened. By 
a decree of the 5th of October, 1856, the bouse of Messrs. Anthony Gibbs and Son, of 
London, was requested to take charge of the guano sales in Spain, hitherto confided ♦ > 
Messrs. G. De Murrick and Co., of the same city, on a commission of five and a half 
per cent. ; bat the former house have given proof of the interest they take in the wel- 
fare of Peru, and of all those depending on the revenues of that country, by only ac- 
cepting and charging four and a half per cent, affording by this item only to the 
republic a considerable increase in the proceeds of the sale of the guano in Spain, the 
government has issued a decree of thanks in favour of Messrs. A. Gibbs and Son 
for their liberality, and besides for the steps they have taken to effect a considerable 
saving in the warehouse rent and other charges on the guano introduced into Spain. 
The change of agents in the United States has also caused considerable saving in the 
commission and charges. The President promises to lay before the Congress the 
result of the investigation of the inspectors scut to Europe and the United States, which 
will prove highly interesting. 

The stock of guano up to the end of 1857 appears to have been 635,589 tons, at £12 
per ton, representing a capital of £7,627,000. This must involve a large amount of 
interest, to which add warehouse rent, and it will be*found that there is great expense 
involved in keeping it, to say nothing of the deterioration of the quality. 


Guano imported from 1854 to 1864. 


1854 - 





m 

Tons. 

235,111 

305,061 

Computed real 
£2,530,272 

1855 - 






3,137,160 

1856 - 






191,501 

2,136,431 

1857 - 

•m 





288,362 

3,613,074 

1858 •- 






353,541 

4,084,170 

1859 - 






84,122 

769,333 

I860 • 






141,435 

1,557,895 

1861 - 






178,423 

2,022,283 

1,635,322 

186S - 






141,636 

1863 - 






233,574 

2,658,85q 

1864 - 






131,358 

1,457,088 
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Guano imported in 18C3 and 18G4. 


JL 


Countries from which Imported. 

1863. 

1864. 

Tons. 

Computed reel 
value. 

Toni. 

Computed real 
value. 


Western Coast of Africa 

2,924 

£16,945 

2,067 

£12,919 

Islands in the Pacific - 
United States : — 

“ 

■ 

3,379 

18,210 

North Atlantic Ports 

6,230 

31,195 

200 

1,050 

Ports on the Pacific - 

3,619 

80,762 

4,248, 

23,154 

1,357,032 

Peru - 


2,441,354 

113,086 

Bolivia - 

11,804 

76,784 

- 

• 

Chili 

- 

- 

832 

6,666 

Brazil - 

• 

- 

1,316 


British India: Bombay and! 
Scinde J 

- - 

- - 

1,396 

5,584 

British West India Islands - 

9,422 

45,311 

3,298 

13,192 

Other parts- - 

2,862 

16,505 

1,536 

8,763 


233,574 

2,658,856 

131,358 

1,457,088 


GUANINE. C ,# H ft N # 0 2 . An organic base found by Unger in guano. Guano 
contains about 6 ]>er cent, of it. 

G U A VA. This fruit is a native of the two Indies and the Brazils. There are two 
well known varieties, the Psidium pomiferum , or apple-fruited guava ; and the P. pyri- 
femrn , the pear-fruited variety. The pulpy fruits of these trees make with sugar ex- 
cellent preserves. Imported as Guava jelly. 

GUINEA PEPPER. Another name for the Grains of Paradise. 

GUIPURE. A lace mode at Limerick by cutting out the pattern from cambric ; 
the flowers and ornamental parts being formed of the cambric, and the open part of 
stitches which resemble the antique lace. 

GUM (Gu/ame, Fr. ; Gummi , PJlaiizcnschlcinL, Germ.) is the name of a proximate 
vegetable product, which forms wilh water a slimy solution, but is insoluble in 
alcohol, ether, and oils ; it is converted by strong sulphuric acid into oxalic and mucic 
acids. 

There are six varieties of gum : 1, gum arabic ; 2, gum Senegal ; 3, gum of the 
cherry and other stone fruit trees ; 4, gum tragacanth ; 5, gum of Bassora ; 6, the 
gum of seeds and roots. 'i*he first five spontaneously flow from the branches and 
trunks of their trees, and sometimes from the fruits in the form of a mucilage which 
dries and hardens in the air. The sixth kind is extracted by boiling water. In com- 
merce, under the name of gum, very different substances are confounded ; thus we 
have gum etemi and gum copal , which arc true resins ; and gum ammoniacum , which is 
a gum resin ; and gum elastic (caoutchouc), which is a peculiar body, differing from 
either. 

Gum arabic and gum Senegal consist almost wholly of the purest gum called 
arabine by the French chemists * onr native fruit trees contain some ccratinr , along 
with arabine; the gum of Bassora and gum tragacanth consist of arabine and 
bassorine. 

Gum arabic , flows from the Acacia arabica , and the Acacia vera, which grow upon 
the banks of the Nile and in Arabia. It occurs in commerce in the form of small 
pieces, rounded upon one side and hollow upon the other. It is tragsparent, without 
smell, brittle, easy to pulverise, sometimes colourless, sometimes with a yellow or 
brownish tint It may be bleached by exposure to the air and the sunbeams, at the 
temperature of boiling water. Its specific gravity is 1*355. Moistened gum arabic 
reddens litmus paper, owing to the presence of a little supermalate of lime, which may 
be removed by boiling alcohol ; it shows also traces of the chlorides of potassium 
and calcium, and the acetate of potash. 100 parts of good gum contain 7o-40 of 
arabine, 17*60 of water, with a few per cents, of saline and earthy matters. Gum 
^arabic is used in medicine, as also to give lustre to crapes and other silk stuffs. 

Gum Senegal, is collected by the negroes during the month of November, from the 
Acacia Senegal, a tree 18 or 20 feet high. It comes to us in pieces about the sise of a 
partridge’s egg; bat sometimes larger, with a hollow centre. Its specific gravity is 
1*436. It consists of 81 *ld arabine ; 16*10 water; and from 2 to 3 of saline matters. 
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The chemical properties and uses of this gam are the same as those of gam arable. 
It is much employed calico-printing. 

Cherry-tree gum , consists of 52-10 arabine ; 84*90 cerasine ; 12 water ; and 1 saline 
matter. It is used by hatters for smoothing the nap. 

Gum tragamnth, is gathered about the end of June; from the Astragalus tragacanlha 
of Crete and the surrounding islands. It has the appearance of twisted ribands ; is 
white or reddish ; nearly opaque, and a little ductile. It is difficult to pulverise 
without heating the mortar. Its specific gravity is 1 ‘384. When plunged in water, 
it dissolves in part, swells considerably, and forms a very thick mucilage. 100 parts 
of it consist of 53'80 arabine; 33-30 bassorine and starch; 11 0 water; and from 
2 to 8 parts of saline matters. It is employed in calico printing, and by shoe- 
makers. 

Gum of Bassora ; see Bassorine. 

Gum of seeds* as linseed, consists of 52*70 arabine ; 28*9 of an insoluble matter ; 
10*3 water; and 7*11 saline matter. Neither bassorine nor cerasine Beems to be pre- 
sent in seeds and roots. For British Gum, see Dextrine. 

G1TM ELASTIC. See Caoutchouc. 

GUM, BRITISH. See Dextrine. 

GUM LAC. Sfie Lac. 

GUM RESINS. (Gomme-risines, Fr. ; Schleimharzc, Germ ) When incisions are 
made in the stems, branches, and roots of certain plants, a milky juice exudes, which 
gradually hardens in the air ; and appears to be formed of resin and essential oil, held 
suspended in water charged with gum, and sometimes with other vegetable matters, 
such as caoutchouc, bassorine, starch, wax, and several saline matters. The said con- 
crete juice is called a gum-resin ; au improper name, as it gives a false idea of the 
nature of the substance. They arc all solid ; heavier than water ; in general opaque 
and brittle ; may have an acrid taste, and a strong smell ; their colour is very vari- 
able. They are partially soluble in water, and also in alcohol ; and the solution in 
the former liquid seldom becomes transparent. Almost oil the gain resius are medi- 
cinal substances, and little employed in the arts and manufactures. The following is a 
list of them: — assafeetida; gum ammoniac; bdellium; eupkorbiutn ; galbauum ; gam- 
boge; myrrh; olibanum or frankincense ; opoponax ; and scaminony. Such of these 
ns are employed in the arts or manufactures arc described in this work under their 
peculiar names. 

GUM-WOOD. Eucalpytus piperita , or blue gum tree of New South Wales. Tli * 
wood is sent over in large logs and planks ; the colour of dark Spanish mahogany, 
with a blue and sometimes a greyish cast. 

GUN BARRELS. See Fire Aims. 

GUN COTTON. (Syn. Pyroxilinc ; Fvlmicoton , Fr.) In 1833 M. Braconnot dis- 
covered that starch, by the action of monohydraled nitric acid, became converted into a 
peculiar substance which dissolved in excess of the acid, and was reprecipituted in a 
granular state on the addition of water. This substance, known as xyloidine, when 
washed and dried, was found to explode ou contact of a light, and even if heated to 
356°. It also exploded if subjected to a smart blow. The subsequent researches of 
M. Pelouzo indicated this singular body to be starch, C ,s JI lfl O ,# , in which one equi- 
valent of hydrogen is replaced by peroxide of nitrogen, or hyponitric acid. The 

formula of xyloidine would consequently be ^ q 4 > O 10 . On the supposition of this 

being the correct formula, 100 parts of starch should yield 127*7 of xyloidine, and 
M. Pelouze obtained from 128 to 130. About thirteen years subsequently to the dis- 
covery of xyloidine, M. Schonbein announced his discovery of gun cotton. Chemists 
immediately saw the analogy between the two substances, for while xyloidine ap- 
pears to be derived from starch by the substitution of one equivalent of hyponitric 
acid for one of hydrogen, gun cotton is derived from cellulose (C ,2 I1 ,# 0' # , isomeric 
with starch) by the sulwtitution of two or three equivalents of hyponitric acid for the 
same number of equivalents of hydrogen. 

Preparation. — Gun cotton can be prepared in several ways. The most simple 
consists in immersing, for a few seconds, well carded cot: on in a mixture of equal 
parts by volume of oil 6f vitriol of the specific gravity 1*815, and nitric acid of the 
specific gravity 1*500. The cotton wlicu well saturated is to be removed, and, after 
being squeezed to repel as much as possible of the excess of adhering acid, well 
washed in dean cold water. As soon as the water no longer reddens litmus paper, 
the washing may be considered sufficient The gun cotton thus prepared is cautiously 
dried at a heat not exceeding 212°. It is safer to dry at about 150 . ^ The cotton 
prepared by this means explodes well, but does not always dissolve easily in p*her. 
If, consequently, it is desired to prepare a very soluble cotton for photographic collodion, 
the following process may be employed, in which, instead of nitric acid, dry nitre is used. 



GUN COTTON. 


< 566 

4} ounce* pore dry nitre in fine powder. 

30 drams (fluid measure) sulphuric acid, sp. gr. 1'845. 

ISO grains of well carded cotton. 

The cotton is to be well pulled out and immersed in the mixture of the nitre and 
sulphuric acid. The contact with the acid, &c., is to be insured by stirring and pulling 
oat the cotton with two glass rods. As soon as perfect saturation is effected, which, 
with good management, will be in about one minute, the cotton is to be thrown into 
a large pan of water and well rinsed. The vessel is to be continued under a tap 
antil litmus paper is no longer reddened. The cotton is to be squeezed in the folds 
of a clean towel and exposed (after being again well pulled out) to a gentle heat to 
dry. It is curious that the most soluble cotton is often the least explosive, although 
there is reason to believe that the most soluble cotton is that which nearest approaches 
in constitution to tri-nitro cellulose. 

M. Schonbein recommends a mixture of one measure of nitric acid with three 
measures of sulphuric acid as the best bath for the cotton. The liquid is to be allowed 
to cool previous to its immersion. He also saturates the cotton with nitrate of potash, 
by immersing it in a solution of that salt before drying. Cotton prepared in this 
manner is not adapted for photographic purposes, but it is higLly explosive, and 
therefore well fitted for blasting rocks. 

The true constitution of gun cotton is by no means well established. It appears 
to be very liable to differ in composition according to the method of preparation. 
According to M. Bechamp it is essential, in order to obtain a cotton both fulminating 
and soluble in ether, to operate upon the mixture of nitre aud sulphuric acid lx fore 
the temperature (which rises on the ingredients being mingled) has fallen. If cooling 
has taken place previous to the immersion of the cotton, the resulting pyroxiline is 
fulminating, bat insoluble in ether. 

The analyses of MM. Domonte and Menard, and also of M. Bechamp, agree host 
with bi-nitro celluloses while those of Gladstone, Vankcrchoff, and Reuter, Sclunidt and 
Hecker and Pelonxe arc more in accordance with a tri-nitro cellulose. To add to the 
difficulty of forming a conclusion on the subject, M. Peligot’s analyses agree best with 
rut mo i 

the expression j O w which is that of bi-nitro glucose. 

According to M. Bechamp xyloidinc and pyroxiline arc acted on by protacetate of 
iron, the original substance being regenerated. Thus xyloidine affords starch, and 
pyroxiline cotton. The regenerated cotton was analysed with the following result : — 

Experiment. Calculation. 


Carbon - 

- 43*35 

C ,: =72 

44*44 

Hydrogen 

- 6 31 

H“ 10 

6 17 

Oxygen - 

- 50 34 

O’* 80 

49 39 


lOO'OO 

163 

100-00 


Bechamp (and others) regard gun cotton as containing nitric acid. The former 
supports his views with numerous experiments, but there are several disturbing 
influences preventing the products of the decomposition of gun cotton by alkalies, &c. 
being regarded as sufficiently known to enable ns to express a decided opinion ns 
to its true constitution. It may be mentioned in evidence of this that during the 
action of caustic potash upon gun cotton, M. Bechamp observed sugar to be pro- 
duced. The latter chemist in common with many others doubles the formula which 
wc, following M. Gerliardt, have provisionally adopted for cellulose ; he moreover 
formulates the latter substance and its nitro-derivatives thus :■ — 

C 24 H ,r 0 17 ,5N 0\2H0 = pentanitric cellulose. 

C' f, H IB 0 ,a ,4N0\ HO=tetranitric cellulose. 

C^lPO^SNO^trinitric cellulose. <• 

cellulose. 

Explosive substances analogous to gun cotton may be prepared from many organic 
bodies of the cellulose kind, by immersing them in the same^bath as for gun cotton. 
Among these may be mentioned paper, tow, sawdust, and calico. 

When collodion is wanted for an application to cat surfaces, and {he cotton is with 
difficulty soluble in alcoholic ether, a solution may easily be obtained if the cotton be 
first moistened with acetic ether and the alcoholic ether be afterwards added. 

' Several of the nitro-derivatives of starch and cellulose undergo spontaneous de- 
1 composition when kept for some time in stoppered bottles (Gkulstm iA—C. G. W. 

When cotton wool is immersed in a mixture of strong nitric an a sulphuric sett*, 
suritfrhttiba diet pAce immediate fy, and the product has only to b« owd rtoui 
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adhering acid by washing with water, and then dried. But in order to insure the 
uniform production of the most highly nitrated compound, Leak adopts several 
precautions, the most important of which are : — 

1. The cleansing and perfect desiccation of the cotton previously V> its immersion 
in the mixed adds. 

S. The employment of the strongest adds procurable in commerce. 

8. The steeping of the cotton m a fresh strong mixture of adds after the first 
immersion and partial conversion into gun cotton. 

4. The continuance of the steeping for forty-eight hours. 

5. The thorough purification of the gun cotton thus produced from every trace of 
free acid, by washing the product in a stream of water for several weeks ; subse- 
quently a weak solution of potash may be used, but this is not pntUl- 

The prolonged application of these processes is absolutely necessary to ensure the 
thorough nitration of the cotton, and the subsequent purification of the product ; for 
each cotton fibre is a long narrow tube, often twisted and even doubled up, and the 
add has first to penetrate to the inmost depths of these tubes and afterwards to be 
soaked out of them ; hence the necessity of time. 

Sometimes, to render the gun cotton less explosive and to remove the last lingering 
traces of free add. it is impregnated with a solution of silicate of sodium (soluble 
glass) which is forced into it by means of a centrifugal machine, having a central 
tube for supplying the solution. It is then dried by exposure to the air, whereby 
carbonate of sodium is formed, and silica separated, and the carbonate of sodium is 
afterwards washed out with water while the silica remains attached to the fibres. 

Sometimes, again, to render the fibres soft, and diminish the danger of explosion 
from violent friction, the gun cotton, after being treated with soluble glass, is 
immersed in a soap ley, the excess of which is then squeezed out, and the gun cotton 
finally dried. 

Gun cotton is now prepared on a large scale by a process essentially the same as 
that of Lenk, at the manufactory of Messrs. Prentice, at Stowmarket 

Gun cotton prepared by Lenk's process is not liable to explosion by percussion; 
it may detonate between iron and iron if a heavy blow be struck, but only that 
part explodes which was hit, without communicating ignition to the surrounding 
particles. If a heavy blow be struck on gun cotton with an iron hammer upon 
bronze or any other comparatively soft metal, no detonation takes place. Otto 
found, on the other hand, that pyroxyline, prepared with nitric acid alone, explodes 
like fulminating mercury when struck with a hammer. 

The temperature at which gun cotton explodes has been very. accurately deter- 
mined by Baron von Ebncr, who fixes the lowest temperature at 136°C. (3770° 
Fahr.) ; but the heat required is usually stated to he greater than this. According 
to Melsens, gun cotton which has been washed with soda and retains a small 
quantity of the alkali, does not explode till heated to 180° C., and similar observations 
have been made by Payen, Pelonzc, Piobert, Van Kerckhoff, and others. 

Abel has made a series of ingenious experiments on the combustion of gun cotton. 

He finds that when quantities of gun cotton, varying from one to two grains, in the 
form of a loose twist laid double, ore ignited by means of a platinum wire in highly 
rarified atmospheres, they burn very slowly, presenting by daylight an appearance 
as if they smouldered. The pressure in the case described mast not exceed 8 inches 
of mercury, but the rarefaction necessary for the result varies with the quantity of 
gun cotton, its mechanical condition, its position with reference to the source of 
heat, the quantity of heat applied, and the direction of its application. 

Gun cotton, when ignited in small quantities in warified atmospheres, may exhibit 
during its combustion three distinct luminous phenomena. In the most highly 
rarefied atmospheres, the only indication of combustion is a beautiful green glow, or 
phosphorescence, which surrounds the extremity of the gun cotton, as it is slowly 
transformed into gases or vapours. When the pressure of the atmosphere is 
increased to oife inch (with the proportion of gun cotton indicated), a faint yellow 
flame appears at a short distance from the point of decomposition ; and as the 
pressure is increased, this pale yellow flame increases in size, and eventually appears 
quite to obliterate the green light. Lastly, when the pressure of the atmosphere and 
consequent proport ion *of the oxygen in the confined space is considerable, the cotton 
burns with the dhlinary bright yellow flame. There can be. no doubt that this final 
result is due to the almost instantaneous secondary combustion, in the air supplied, 
of the inflammable gases evolved by the explosion of the gun cotton. The pale 
yellow flame will take place in rarefied nitrogen. . . 

In a series of experiments made under gradually diminished pressures, oxygen 3 
being sued i nst ead of air, it was found that the gun cotton exploded iniUnUneonsly * 
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with a bright flash until the pressure was reduced to 1*2 inch ; from this pressure to 
that of 0 8 inch, it still burned with a flash, but not instantaneously, and at pressures 
below 0*8 inch, it no longer burned with a bright flash, but exhibited the compara- 
tively slow combustion, accompanied by the pale yellow flame. . In atmospheres of 
carbonic anhydride, carbonic oxide, hydrogen, and coal gas, this pale yellow flame 
is seen as in nitrogen j but the two latter gases have a great tendency to extinguish 
the combustion, doubtless on account of their high cooling powers by connection. 

The slow kind of combustion of gun cotton. In the form of twist, may be obtained 
also in a powerful current of atmospheric air, if the thread of cotton be placed in a 
somewhat narrow glass tube. Indeed it was found that if, even for the briefest space 
of time, the gases resulting from the first action of beat on gun cotton upon its 
ignition in open air are impeded from completely enveloping the training extremity 
of the gun cotton twist, iheir ignition is prevented, and the gun cotton continues to 
bum in the slow and imperfect manner, undergoing a transformation similar in 
character to destructive distillation. By proper arrangements, these gases may be 
burnt at the month of a tube while the gun cotton is burning in the interior. There 
is little doubt that these products of decomposition vary as greatly as the phenomena 
themselves ; thus, in the instance of the most imperfect metamorphosis of gun 
cotton, the products included a considerable proportion of a white vapour, slowly 
dissolved by water, as sftso small quantities of nitrous acid, and a very large propor- 
tion of nitnc oxide ; cyanogen, too, is always found. This contrasts strongly with 
the simpler products of decomposition found by Karolyi when the gun cotton was 
exploded under the pressure of a confined space. 

Abel considers that the remarkable facility with which the combustion of gnn 
cotton in the air or other gases may be modified, might be taken advantage of to 
produce a variety of mechanical effects ; and he states, that by enclosing in suitable 
cases solid cords made np of two or more strands of gnn cotton more or less com- 
pactly twisted, he has succeeded in producing fuses and slow matches, the time of 
burning of which may be accurately regulated. Sec Watts’ '’Dictionary of 
Chemistry.” 

OUN METAL. The Austrians have introduced a new gnn metal, called, from its 
inventor, Aich metal . It is composed of copper, 600 parts; zinc, 382 parts; iron, 
18 parts. Its tenacity is said to be excessive : it is easily forged and bored ; when 
cold, it may he bent considerably without breaking, and we are told its resistance is 
far greater than iron of the best quality. See Brass and Copper. 

' GUNNERY. Under the heads of Artillery and Firearms, we have in- 
cluded every point with which it appears necessary to deal in a work of this 
description. 

GUNNY CLOTH or BAGS. The coarse sacking made in India, which is used 
for wrapping rice, spices, &c. The Bengal gunny cloth is made of the fibre of a species 
of Corchorvs , while that of Bombay and Madras is manufactured from different kinds 
of sunn- fibre, the Crotolaria juncea.— Simmonth. 

GUNPOWDER. The discovery of gunpowder has been claimed for Roger Bacon 
and Schwartz. The ground for this appears to be no more than this. In their 
writings the earliest recorded mention of the discovery is mfide in any European lan- 
guage. Roger Bacon, unquestionably antecedent to his German rival, was born 1214 
and died 1292 ; and his work, “ Dc Nullitate Magim,” appears to have been written 
about 1270, while Kircher’s account gives 1364 as the date of the discovery by Schwartz. 
Jt appears, however, that an Arabic manuscript exists in the collection of the Escurial 
which unmistakably describes gunpowder and its properties, the date of which is an- 
terior to 1250 . — Mallet * 

This well known composition is employed for charging the numerous varieties of 
fire arms. Its use depends upon the fact that, at the moment of ignition, violent 
deflagration takes place, accompanied by the evolution of a large volume of gas. It is 
evident that if the explosion occurs in a limited space, a vast pressure accumulates 
and becomes a propulsive force. The gas produced by the explosion of good gun- 
powder occupies nearly 900 times the volnme of the powder itself; but, owing to the 
high temperature, the space occupied by the gas at the moment of formation, is pro- 
bably nearly 2700 times greater than the volume of the powder. One of the most 
popular errors regarding the prqjcctile force of explosive subAances, arises from the 
extremely vague meaning generally attached to the words strong, pdWerful, and other 
equivalent terms. It is this which leads so many to imagine the possibility of attain- 
ing marvellously long ranges by means of the various fulminating substances known 
to chemists. The latter are unfit for use in firearms, owing to a variety of circum- 
s stances.. One of them is the extreme rapidity of their explosion. The whole mass ap- 
pears to be converted into gas at once, whereas in gunpowder the iguition proceeds from 
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particle to particle. The action of ftilminates is also too local ; if a portion of any of 
the more violently explosive substances be fired on a piece of metal, the latter will be 
perforated or depress- d exactly at the spot occupied by the substance, and if it be 
attempted to use it to charge firearms, they will be destroyed, and yet, in all proba- 
bility the bullet not projected. Moreover, it is impossible to use fulminates success- 
fully for charging shells, because the latter, instead of being blown into pieces of 
moderate sise, capable of inflicting large wounds and throwing down Imildings, 
become converted into fragments so small as to be far less destructive. The qscape 
of the Emperor of the French, from a recent attempt at his assassination, was pro- 
bably owing to this circumstance. 

It has been found that no composition fulfils so many requisites for charging fire- 
arms as a mixture, in due proportions, of sulphur, nitre, and charcoal. It is this 
composition which, in the form of smull grains, more or less polished, constitutes pun- 
powder. The letter should possess several properties which, although sometimes 
tending in opposite directions, are not entirely incompatible, and may therefore be 
nearly attained in practice. Some of the principal of these are the following : — 
1. The proportions should be so adjusted that the combustion may be complete, and 
little residue be left after explosion. 2. The powder should be as little hygrometric 
as possible. 3. It should he sufficiently, but not too explosive^ 4. It should be hard 
and dense enough to bear carriage without breakage of the grains. 

Too great a proportion of carbon and sulphur will cause rapid fouling of the gun, 
and the explosive force will be less than it should be ; too small a proportion of 
sulphur will render the powder too hygrometric. The presence of soda or chloride 
of potassium in the nitre will lead to the same fault The powder must be sufficiently 
stamped, or it will not possess the fourth requisite. 

The history of gunpowder may be conveniently studied under the following 
heads : — 

Preparation of the ingredients. 

Mixture and granulation. 

Modes of estimating projectile force. 

Analysis of gunpowder. 

Preparation of tite Ingredients. 

Preparation of the nitre. — The nitre employed for powder is always in a state of 
almost absolute purity, especially as regards the presence of the chlorides of potassium 
or sodium. The crude nitre of commerce contains several impurities, among which 
are found nitrutes of soda and lime, chlorides of potassium and sodium, and sulphates 
of potash and soda. They are all removed by crystallisation. The principal 
impurity is common salt The process of purification is founded on the fact 
that, the latter substance is almost equally soluble in hot or cold water, whereas 
nitre is far more soluble in hot than in cold water. The following is the French 
mode of refining sultpctre: — 1200 kilogrammes are gently heated with GOO litres 
of water in a copper boiler. The solution is constantly stirred and skimmed, and 
more nitre is added, until the total quantity is 3000 kilogrammes. As soon as 
the whole is added, and it is presumed that all the nitre is dissolved, the com- 
mon salt is removed from the bottom of the boiler. The solution is now to be 
clarified with glue. For this purpose 400 litres of water are added by small jKJrtions, 
and then 1 kilogramme of the glue dissolved in hot water. The scam, which soon 
rises, is removed, and the finid is boiled until clear. The whole is then allowed to 
cool to about 194°, and the solution of nitre is carefully decanted from the layer of 
common salt into the crystallising vessel. The latitr is a large shallow pan with 
sloping sides. The fluid is constantly stirred as it cools, in order thnt the crystals 
formed may be very small, this is done in order to facilitate the washing process, and 
also because the fine powdery crystals are well adapted for admixture with the other 
ingredients. 'When the crystallising solution is coid the nitre is Temoved to boxes 
containing false bottoms, pierced with boles. The aperture in the bottom of tbe box 
(below the false bottom) being closed, a saturated solution of pure nitre is poured on 
the crystals to dissolve out the chloride of sodium. Being already saturated, it is 
evident it cannot dissolve any of the nitre. After remaining two hours in contact 
with the nitre, the solut/on is allowed to ran off, and when the dropping has almost 
entirely ceased, thfe process of washing is repeated, substituting pure water for the 
solution of nitre. The product is dried at a gentle heat, being constantly stirred to 
enable it to retain the pulverulent form. The power (above alluded to) possessed by 
a saturated solution of nitre, of dissolving other salts has been taken advantage of in , 
one of the processes for analysing saltpetre. Some manufacturers fuse the nitre after 
it has been pnrified by crystallisation, this process has several disadvantages, among 
others that of necessitating machinery to reduce it again to a pulverulent atate. 
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Preparation qf tht iuXphvr .■ — Solpbnr may be purified lor the gunpowder maker by 
two processes. In the first the erode article is fused in an iron pot, so contrived that 
the fire does not play directly on the bottom, but only round. & s sides. The lighter 
impurities are to be removed by skimming, while the heavier sink to the bottom. 
The temperature should not be allowed to rise much above 232°, for it then be- 
comes doggish, and at 320° it is so thick as to prevent the impurities from being 
removed. 

Solpbnr may be more readily and economically purified by distillation. The 
apparatus for the purpose is exceedingly simple in principle; but the process reanires 
care, and is not entirely free from danger. As it is not intended to obtain the sulphur 
in the state of flowers, the apparatus for condensation is not required to be kept cold ; 
in foot, the still is purposely placed so near to the chamber of condensation, that the 
sulphur may be received in the fluid state. There are several points which must be 
attended to in the construction of an apparatus for the distillation of sulphur j they are 
as follows : — 1. The crude sulphur must be capable of being introduced, and the 
refined product removed easily, without air being, at the same time, permitted to 
enter the still or condenser. 2. Free means of egress for the heated air must be 
provided. 3. The contrivance for the latter purpose must not allow fresh air to return. 
4. The process must ta continuous. The still and condenser employed in France for 
the purification of enmu sulphur fulfils all these conditions. The still is in the form 
of a very wide necked tubulated retort, made of cast iron. It is set in brickwork over 
a fiimace, and opens intq a square brick chamber surmounted by a dome. The latter 
has a rather short chimney over it, containing a valve opening upwards to permit 
escape of the heated air, bat not allowing unything to return. Over what may he 
termed the tubulature of the retort or still, is placed an iron pot with a tube commu- 
nicating with it. The pot is heated by the same fire that works the still. The crude 
sulphur is placed in the pot where it melts, and by raising a plug, which closes the 
tubulature, may be made to enter the still The pipe forming the tubulature rises a 
short distance above the bottom of the iron supply pot This is in order that any 
heavy mechanical impurities may sink to the bottom, and not enter the still, and 
unneoessarily clog it. If the pot be always kept full of melted sulphur, and the latter 
is permitted to enter by raising the plug, it is evident that no air will find it way into 
either the retort or condenser. It is exceedingly important that this should be the 
ease, because violent explosions are liable to occur if the highly heated vapour of 
sulphur comes in contact with an oxidising medium, such as atmospheric air, which 
would convert it into sulphufous acid. The melted sulphur which collects on the 
floor of the chamber is allowed to flow out when desired, by means of an iron plug 
attached to a rod of the same metoL The sulphur is not allowed to run out entirely, 
so as to permit air to enter, for the reason stated above. The loss occurring during 
the purification is owing partly to oxidation, resulting in the formation of sulphurous 
acid, and partly to the fixed impurities contained in the crude material. Sec also the 
article Sulphub. 

Jtoparation of the charcoal. — Of the three ingredients of gunpowder, the most im- 
portant is generally considered to be the charcoal Unfortunately the woods which are 
best adapted for the production of pyroligneous acid, are not fitted for the manufac- 
ture of gunpowder ; the charcoal must, therefore, be prepared specially. The follow- 
ing are the essential properties of ^ood charcoal for powder : — 1. It should be light 
and porous. 2. It should yield little ashes. 3. It should contain little moisture. 
The woods yielding good powder charcoals are black alder, poplar, spindle tree, black 
dogwood, and chestnut. Hemp stalks are said to yield good charcoal for gunpowder. 
The operation of preparing the ' charcoal naturally divides itself into three processes. 
1. The selection of the wood. 2. Preparation of the wood previous to carbonisation. 
3. The carbonisation. 

In selecting the wood care is to be taken to avoid the old branches, as the charcoal 
made from them would yield too much ashes. The bark is to be rejected for the same 
reason. The wood is to be out into pieces from 4 J feet to 6 feet long; If the branches 
used are more than £ of an inch in diameter they arc to be split If the wood he 
too large, great difficulty will be fouud in uniformly charring it. 

There are two methods employed in the charring of wood for gunpowder. In 
one, the operation is conducted in pits ; hut the process more commonly resorted to is 
distillation in cylindrical iron reiorts. There are certain advantages in the pit pro- 
cess, but they are more than counterbalanced by the convenience and economy of 
distillation. The stills used are about 6 feet long, and 2 feet 9 inches iu diameter. 
The ends of the cylinders are closed by iron plates, pierced to admit tabes of the 
same metal. Some of the latter are for the introduction during the carbonisation of 
sticks of wood, which arc capable of being removed to indicate the stage of the de- 
composition, while another communicates with the condenser. The more freely the 
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volatile matters are allowed to escape the better the quality of the resulting charcoal. 
If care be not taken in this respect, especially as the distillation reaches its close, the 
tarry matters become decomposed, and a hard coating of carbon is deposited on the 
charcoal, which greatly lowers its quality. The process of bnrning in pits is consi- 
dered to yield a superior coal, owing to the facility with which the gases and vapours 
fly off. 

The degree to which the burning or distillation is carried, materially influences the 
nature of the resulting powder. If the operation be arrested before the charcoal 
becomes quite black, so that it may retain a dark-brownish hue, the powder will lie 
more explosive than it would be if it were pushed until the charcoal had attained a 
deep black colour. When it has been found that no more volatile products are being 
given off, the Are is damped, and in a few hours the contents of the cylinders are 
transferred to well closed iron boxes to cooL Sec Carbon. 

• 

Mixture and Granulation. 

A. very considerable number of methods have been employed at various times, for 
effecting that thorough incorporation of the ingredients necessary for the production 
of a good powder. Il'he oldest method consists in stamping thw materials in wooden 
mortars. The pestles are square shafts of wood ending in brass beaters. The 
mortars are of wood, and so shaped that any of the composition which may be forced 
upwards by the blows of the stampers, fulls back to the bottom. In order to prevent 
fracture of the mortars, a piece of wood of the toughest kind should be let in on the 
spot whore the pestle falls. The pestles are raised by means of cogs fixed on a shaft, 
driven by a water wheel or steam engine. 

One of the many methods adopted to mix the nitre, sulphur, and charcoal, is by 
means of drums containing metallic balls ; but this arrangement is inferior to that 
where edge stones are employed. This last is superior to all others, the product being 
not only very dense and, therefore, capable of enduring, without becoming pulverulent, 
the motion unavoidable in carrying it about ; but it is also thoronghly incorporated. It 
is, of course, essential that the stones, and the bed on which they work, should not strike 
fire during work. To secure this, they are sometimes made of calcareous stone, and 
sometimes of cost iron. Previous to being subjected to the action of the mill, the ingre- 
dients must be pulverised and mixed. The pnlverisation ma y conveniently be 
effected in wooden drums, containing metallic balls. Tho pulverised materials, after 
being sifted or bolted, and weighed ont in the proper proportions, are to be inserted 
in a mixing drum, containing on its inside pieces of wood projecting inwards, so that, 
as it. revolves, complete admixture gradually takes place. The product of the last 
operation is now ready to be laid on tho bed of the mill. During the grinding, the 
cake is kept moist by the addition, at proper intervals, of enough water to make it 
cohere. As the stones revolve, a scraper causes the material to take such a position 
that it cannot escape their action. The coke produced by the action of the stones is 
ready for graining or corning. For this purjiose the cake is subjected to powerful pres- 
sure, by means of a hydraulic press. The mass is then broken np and transferred to 
a species of sieve of skin or metal pierced with holes. A wooden flail is placed on tho 
fragments, and the sieves are violently agitated by machinery. By this means the 
grains and dust produced by the operat ion fall through the boles in the skin or metal 
discs, and are afterwards separated by sifting. Sometimes the machinery is so arranged 
that the graining and separation of the meal powder is effected at one operation. 
Tho meal powder is reworked, so as to convert it into^ grains. The next operation 
to which the powder is subjected is glazing. Its object is to render it less liable to 
injury, by absorption of moisture or disintegration during its carriage from place to 
place. The gluing is effected by causing the grained powder to rotate for some 
time in a wooden drum or cylinder, containing rods of wood running from end to end. 
The grains as they rub against each other and against tho wooden ribs, have their 
angles and asperities rubbed off, and at the same time the surface becomes harder and 
polished. It is finally dried by exposure to a stream of air, heated by means of 
steam. 

A vast number of experiments have been made, at various times, to discover the 
proportions of nitre, sulphur, and charcoal best adapted for the production of gunpowder. 
It has been found, af might have been anticipated, that no general rale can be given, 
no admixture can be ma ^ <> which shall fulfil every requirement. Those powders 
which contain the largest quantities of charcoal are, it is trae, as powerftil as others 
in prqjectile force ; but they have the disadvantage of attracting more humidity from 
the air. It is very singular that all nations appear to have found, by trial, the propor- 
tions most generally useful for ordinary purposes, and it is worthy of remark, that 
they all approximate to the percentages required by the very simple formula, 
Vol. II. 0 0 
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KO,NO*+8+3C. In fiust, the Prussian powder approaches so closely the theo- 
retical numbers, that they fall within the limits of the errors of analysis, thus: — 


Prussian powder. Theoretical proportion*. 


Nitre - 

- rs-o 

KO.NO* 93 or 1 equivalent 

74*8 

Sulphur 

- 11-5 

S 

- 16 „ 

11-9 

Charcoal 

- 13-5 

O 

- 18 or 3 equivalents 

13-3 


1000 


127 

100*0 


When a powder constituted as above is fired, the decomposition is probably as 
follows (represented in symbols) : — 

KO,NO»+ S + 3C=3CO»+ N + KS. 

That is to say, the explosion of one equivalent of powder results in the formation of 
three equivalents of carbonic acid, one of nitrogen, and one of sulphide of potassium. 
It is evident that these theoretical relations are not absolutely the true expression of 
the phenomena, because, in the first place, gunpowder is merely a mechanical mixture, 
and not a definite chemical compound ; and, in the next, the charcoal is repre- 
sented by the symbols as if it were pure carbon, whereas, in fqpt, even the purest 
and best made charcoals contain variable amounts of hydrogen, ashes, and oxygen. 
The hydrogen is partly converted into water and partly into hydrosulphuric acid 
(sulphuretted hydrogen). 

The following arc the proportions of the ingredients used in various countries. 


Table of the Composition of various Gunpowders . 




Nitre. 

Sulphur. 

Charcoal. 

English war powder 


75 

10 

15 

„ sporting ditto 


77 

9 

14 

French war powder 



12-5 

12-5 

„ sporting ditto 



9-6 

13-5 

„ blasting ditto 



20 

18 

„ „ ditto (another kind) 

IB 9 

20 

15 

United States war powder 



12-5 

12-5 

Prussian war powder 


75 

11-5 

13-5 

Hussian „ „ - 


738 

12-6 

18-6 

Austrian „ „ - 


75 

10 

15 

Spanish „ „ - 


76-5 

12-7 

10-8 

Swedish „ „ - 


75 

16 

9 

Chinese „ „ - 

• 

75-7 

14-4 

9-9 


Blasting powders contain less nitre than others, the combustion is therefore less 
perfect, and if used for artillery or small arms, not only is the piece very soon ren- 
dered foul, but the ball is projected to a much less distance than is required in prac- 
tice. In France, where a heavy tax is laid on sporting powders, this difference of 
composition prevents the cheap blasting powder from being used in fowling pieces. 

Modes of EerrntATiffa tub Projectile Force of Gunpowder. 


The usual mode of determining the propulsive force of powder is by ascertaining 
the distance to which it can throw a ball of known weight The instrument used 
in this country for this purpose consists of an 8-inch mortar charged with 2 ounces of 
powder, the balls being in each case of the same sixe and weight The French use 
for the purpose an iron mortar, elevated at an angle of 45°. The mortar is 7*5 inches 
in diameter. The ball is of hronxc, and is only 0-067 inches smaller than the bore 
of the gun; the windage is, consequently, very small The charge of powder being 
3*2 ounces, and the weight of the bail 65 lbs., the latter should be thrown not less 
than 487*5 yards. a 

The force of powder may also be estimated by means of an instrument, called a 
pendulum gun. It consists of a gun barrel bung at the lower end of a pendulum, so 
arranged that tie amount of angular deviation eaused by the recoil may be measured; 
ibsoV WVm\o> cup ^ 


At evAmMewt bjr msemn* of contrived for Oh? /wrp,jmn 
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On the Analysis of Gunpowder. 

Several methods flave been given by various chemists for the analysis of gun- 
powder : the following, on the whole, appears the roost effective : — The percentage of 
water is, in the first place, to be determined by drying in vacuo over sulphuric ucid, 
until no more diminution of weight occurs. The dried powder, or a fresh quantity, 
is then to be washed on a filter with boiling water, until nothing more is dissolved out 
The residue is to be dried below 212° and weighed ; the loss is the nitre. If pre- 
ferred, the solution of the nitre may be evaporated to dryness, and the residue 
weighed. The mixture of charcoal and sulphur is then to be digested in a stoppered 
flask, with bisulphide of carbon ; this will dissolve out the sulphur and leave the 
charcoal. The loss of weight of the dry mixture of sulphur and charcoal will enable 
the percentages of sulphur and charcoal to be calculated. If it be desired to know 
the quality of the charcoal, a combustion of it may be made with a mixture of chro- 
mate of lead and bichromate of potaBh. Ordinary charcoal contains from 69 to 74 of 
carbon, 8*9 to 6*5 hydrogen, 0 a 5 to 3*0 per cent ashes. It has been attempted to dis- 
solve out the sulphur with sulphite of soda, or caustic potash ; but these methods in- 
volve several sources of error. 

Good gunpowd& should not lose more than 1 per cent of fhoisture on drying. It 
should not leave alkaline globules, when exploded on a clean metallic plate. The 
8|>ecific gravity of a good powder should not be less than 1*755 ; it is sometimes as 
high as 1*840. The denser the powder the better it endures transportation. As the 
density cannot* be taken in water, owing to the solubility of the nitre, turpentine or 
benzole must be substituted, a correction being made for the difference in density of 
the fluid medium.— C. G. W. 

Huntley* and Erhurdt’v Gunpowder . — In the Chemical New*, August 16, 1862, we 
find a short paper “ On an Explosive Compound,” by John Horsley, F.C.8. M If nine 
parts of well dried and finely powdered chlorate of potash be mixed with three parts 
of fine powdered galls, a highly explosive compound is formed, which needs no 
granulation. As it will not admit of trituration in a mortar, the mixture should be 
made on paper by means of a bone spatula, or by passing it through a fine brass sieve. 
The strength of common gnniiowder may be increased by working up with the 
]K>wdered meal about 12 per cent, of powdered galls, and regranulating it. 1 have 
been acquainted with this for several years, but never published it before.” 

Dr. Erhardt has yet more recently patented a powder, the peculiarity of which is 
that the ingredients are kept apnrt until they are required for use. This appears to 
be in one packet (chlorate of potash), and in the other, tannin. These are mixed 
together in certain proportions, and diluted with powdered anthracite, according to 
the purpose for which it may be required. As a blasting powder in quarries. Dr. 
Erhurdt’s powder is said to possess extraordinary power. 

Schvltze'* White Gunjtowder is a tri-nitro cellulose, prepared from sawdust by tho 
following process. The sawdust is first boiled for three or four hours with a weak 
solution of soda, and then boiled a second time with a fresh lot of the same solution. 
It is then washed in running water, afterwords steamed for fifteen minutes, and then 
again washed in running water for twenty-four hours. It is now bleached with 
chlorine or chloride of lime, boiled in water, once more washed in a stream, and now 
dried. The sawdust is now ready to be treated with nitric acid. For this purpose a 
mixture of 40 parts strong nitric acid (1*48 to 1*50) is mixed with 100 parts of 
sulphuric acid (1*84) ; and the mixture is allowed to stand two hours to cool. One 
hundred parts of this mixture are then placed invan iron vessel, around which a 
stream of cold water circulates, and six parts of the sawdust are gradually added, 
stirring all the time. The sawdust is allowed to remain in the acid two or three 
hours, the stirring being continued. After this time the whole is transferred to a 
centrifugal machine, and the acid separated. The wood is then washed for two or 
three days in cold water, afterwards boiled in a weak soda solution, again well washed 
in cold water, and then dried. It is now ready for the final operation, which consists 
in soaking it for ten or fifteen minntes in a eolation of 26 parts of nitrate of potash in 
220 parts of water. After this it is carefully dried at a temperature not exceeding 
44° C. ; the very fine "dust is then separated by means of a drum sieve, and the 
remainder is ready for market.— Chem. Central Blatt, No. 44, p. 704. < 

About years since, M. Hochstadter made a comparatively safe application of 
chlorate of potash to explosive purposes. Unsized paper was thoroughly soaked in, 
and coated with, a thin paste consisting of chlorate of potash, finely divided charcoal, 
a small quantity of sulphide of sntimony, and a little starch, gum, or some similar 
binding material, water being used as the solvent and mixing agent The paper was 
rilled up very compactly, and dried in that form. In this maimer very firm rolls of 

o o 2 
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an explosive material are obtained which burns with considerable violence in the 
open air, and the propelling effect of which in small arms, has occasionally been 
found greater than that of a corresponding charge of rifle powder. Moreoves, the 
material, if submitted in small portions to violent percussion, exhibits but little 
tendency to detonation. Bnt as no reliance can be placed on a sufficiently uniform 
action of these explosive rolls in a firearm, this alone sufficed to prevent their 
competing with powder. The same description of explosive preparation, differing 
only from that of llochstiidter in a trifling modification of itB composit e, haa recently 
been brought forward in this country by M. Reichen and Mr. Melland. 

An explosive composition was patented in this country, in which spent tan broken 
into small fragments was saturated with the oxidising agents, nitrate and chlorate of 
potash, and then dusted over with sulphur. This composition deflagrates slowly when 
ignited in the open air, hut when confined in blast holes it exhibits sufficient explosive 
force to do good work.— See Abel's Lecture On Recent Progress in the History of 
I*raposed Substitutes Jbr Gunpowder, Royal Institution, May 4, 1866, and Watts’ 
u Dictionary of Chemistry ” 

Gunpowder rendered non-explosive. Mr. Gale’s Patent. The rapidity of burning of 
gunpowder— which is only another name for its degree of explosiveness— depends, 
cateris paribus , upon facility afforded to the propagation through the mass of the 
heated gases generated by the first ignited portion. The requisite facility is afforded 
in ordinary gunpowder by breaking it up into grains, thus creating a number of 
crevices through which the gases can pass from grain to grain with a rapidity pro- 
portioned to the sise and number of the interstices. Mr. Gale's process consists 
merely in filling up these crevices with finely powdered glass or other suitable sub- 
stances, thus shutting off the communication between the grains, and destroying the 
explosive character of the powder. He dilates the powder, so to speak, with so 
much incombustible dost as may be required to prevent it from burning ; and he 
restores its explosive character at will by simply sifting out the diluent and once 
more opening tiie pores of the powder. 

Considering that nobody acquainted with the nature of gunpowder was ignorant 
of the simple facts npon which Mr. Gale’s process is based, and that these facts were 
experimentally proved on a large scale by M. Fiobert as far back os 1835, and by the 
Russian chemist Fadeieff between 1841-4 ; that the results of these experiments are 
detailed in Pioberfs Traitd (TArtiUdrie, and that similar experiments have been made 
more recently in this country, Mr. Gale can hardly claim for this proposition the 
originality which was at first popularly supposed to attach to it Indeed, it seems 
that his process differs from that of Fiobert and Fadeieff only in the employment of 
a different quality and larger quantity of protective powder. But the question of the 
probable value of the process is distinct from that of its originality. While hesi- 
tating to pronounce an opinion as to its possible occasional value for the Btorago of 
merchants* or mining powder, we may confidently assert what we believe to he the 
opinion of the majority of naval and military men, that for military purposes or for 
the treatment of powder on board our ships of war, the discovery has no practical 
value. It is at once open to the very definite objection that it entails an increase of 
storage Toom to three and a half times that now required, while the transport of so 
much additional dead weight, whether on sea or on land, may he regarded as abso- 
lutely impracticable. Such experiments as have been made have, moreover, 
exhibited a decided tendency to unmix in travelling ; in other words, a tendency on 
the part of the powder, resulting from the different size of its grain as compared with 
the grains of glass dust, to resume to a dangerous extent its explosive character; and 
there is little doubt that the delfcate surface of powder is liable to be sensibly affected 
and fouled by the protective medium, while strong doubts are expressed os to the 
keeping qualities of the mixture, which lengthy and careful experiments alone could 
solve. It would always be necessary also, on service, to keep so large a supply of 
powder ready for immediate use aa to render quite insignificant the degree of addi- 
tional security which might be afforded by having the remainder non-explosive. 
The formidable objection to the process on the score of its entailing a considerable 
amount of extra manipulation of gunpowder, which would always be attended with 
more or less danger, delay, and uncertainty, has never, that we are aware, been 
satisfactorily disposed of; and officers whoso opinions are entitled to every eonsider- 
atiou object generally to a system which tends to establish in men's minds a feeling 
of security about a substance which, however harmless it may temporarily be 
rendered, most finally and frequently be handled in its explosive form, 
i How far, or how many of, these objections may apply to the process for civil use 
eanoot be decided without reference to the particular circumstances of each case ; 
but, together, they certainly appear sufficiently formidable to preclude the employ- 
ment of the process for military or naval powders, either iu transport or in store. 
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An experiment just made (1866) in a martello tower near Rye, with five tons of 
gunpowder rendered non-explosive by the proceea proposed by Mr. Gale, ^ ill 
probably hare attracted sufficient attention to render acceptable those few words on 
the rationale of this so-called discovery and its probable value for military or other 
purposes. 

The magnitude of the Rye experiment gave it a specious importance, to which it 
had no real claim. But when five tons of gunpowder are seen slowly burning away 
without any explosive effect, it is difficult to make people understand that a great 
practical result has not been achieved. And this was the sight by which visitors 
to Pett Level near Rye were rewarded. Five tons of cannon powder had been 
mixed with twenty tons of glass dust, and stowed in barrels in the magaaine and 
on the basement floor of a martello tower. An attempt was first made to cause 
an explosion oi^a conflagration by firing one barrel, and when this failed, a son of 
bonfire was ignited within the tower, which rapidly communicated from barrel to 
barrel, and burnt steadily, with a dense acrid smoke from the door and windows of 
the tower. But there was no explosion — nothing more than an occasional dull, 
muffled puff as the contents of a fresh barrel caught fire. 

The experiments placed beyond doubt the efficiency of thw method of protection 
proposed, even for a very large mass closely stowed in a confined space ; but it left 
the question of the wisdom of adopting that particular method precisely where it 
was before. 

The above remarks, which completed embrace the question, are borrowed from 
an excellent article in the PaU-Muli Gazette . Little need be added to them. It 
will be gathered from the first paragraph that the gunpowder is not rendered really non- 
explosive, but that its rate of combustion is retarded. Confined in a cask or any 
vessel preventing the escape of the gases formed, the result would be, after a little 
time, an explosion. 

This mixture of powdered glass with gunpowder has been recommended also for 
protecting powder from damp; it having been forgotten that all porous bodies, 
and powdered glass especially, have the property of condensing moisture from the 
atmosphere within its pores. 

In 1864, our gunpowder exports were 15,422,502 lbs. ; value, 428,988/. 

The following are the places to which the largest quantities have been sent: — 



lta. 

Valnc. 

Western Africa (Foreign) 

- 2,743,905 

£61,732 

China, exclusive of liong Kong 

- 1,419,595 

38,156 

Chili 

- 2,276,560 

66,166 

Brazil - 

- 1,033,194 

35,928 

Australia - 

- 1,931,722 

48,203 


GUTTA PERCITA. Although the trees yielding this substance abound in the 
forests of the Indian Archipelago, the first notice taken of it appears to have been 
by Dr. W. Montgomerie, in a letter to the Bengal Medical Board, in the beginning of 
1848, wherein he recommends the substance as likely to prove useful for sonic surgical 
purposes, and supposes it to belong to the fig tribe. In April, 1848, the substance was 
taken to Europe by Dr. D* Almeida, who presented it to the Royal Society of Arts of 
Loudon, but it did not at first attract much attention, ns the Society simply acknowledged 
the receipt of the gift ; whereas, its value becoming known, they awarded a gold medal 
to Dr. W. Montgomerie. * 

The gutta percha tree, or gutta tnban, as it ought more properly to be called, 
according to Mr. Oxley, belongs to the natural family Stipofecr, but differs 
much from tdl described genera, having alliance witb both Achnis and Bosxiu, but dif- 
fering in some essentials from both. It is the Isuwundra gutta of Ilooker, and is 
described in the Ebndon Journal of Botauy, 1848, where it is figured, and in Pereira's 
Materia Medico. 

The tree is of a large siie, from 60 to 70 feet in height, and from 2 to 3 feet in dia- 
meter. Its general appearance resembles the genus JJurio, or well known 1 htarian, no 
much so as to strike the most superficial observer. The under surface of the leaf, how- 
ever, is of a more Reddish and decided brown than in the duriu, and the shape is some- 
what different. 

Only a short time ago the gutta percha tree was tolerably abundant on the island of 
Singapore; but already all the large timber has been felled, and few, if any, other • 
than small plants, are now to be found. The range of its growth, however, appears to 
be considerable, it being found all up the Mnlnyan Peninsula, as far as Penang, lhe 
tree is also found iu Borneo, and. there is little doubt, is to bo found in most of the 
islands adjacent 



566 


GUTTA PERCIIA. 


The localities it particularly likes are the alluvial tracts along the foot of hills^where 
it flourishes luxuriantly* forming, in many spots, the principal portion of the jungle. 
Hut, notwithstanding the indigenous character of the tree, its apparent abundance and 
wide-spread diffusion, the gutta will soon become a very scarce article, if some more 
provident means be not adopted in its collection than those at present in use by the 
Malays and Chinese. 

Montgomerie says “ a magnificent tree of 50, or more probably 100 years* growth, 
is cut down, the bark stripped off and the milky juice collected and poured into a 
trough formed by the hollow stem of the plantain leafs it quickly coagulates on ex- 
posure to the air ; but from one tree I am told not more than 20lbs. or SOlbs. are 
procured.** 

The mode in which the natives obtain (he gntta is by catting down the trees of 
full growth, and ringing the bark at distances of about 12 to 18 inches apart, and 
placing a cocoa-nut shell, spathe of a palm, or such like receptacle, under the fallen 
trunk, to receive the milky Bap that immediately exudes upon every fresh incision. 
This sap is collected in bamboos, taken to their houses, and boiled, in order to drive off 
the watery particles and inspissate it to the consistence it finally assumes. Although 
the process of boiling appears necessary when the gutta is collected* in large quantities, 
if a tree be freshly wounded, a small quantity allowed to exude, and it be collected and 
moulded in the band, it will consolidate perfectly in a few minutes, and have all the 
appearance of the prepared article. 

When it is quite pure the colour is of a grey ish white ; bat, as brought to market, it 
is more ordinarily found of a reddish hue, arising from chips of bark that fall into the 
sap in the act of making the incisions, and which yield their colour to it Besides 
these accidental chips there is a great deal of intentional adulteration by sawdust and 
other materials. Some specimens brought to market do not contain much less than 
i lb. of impurities : and even in the purest specimens, one pound of the substance 
yielded, oil being cleansed, one ounce of imparities. Fortunately, it is not difficult 
to detect or dean the gutta of foreign matter, it being only necessary to boil it in 
wuter until well softened, roll out the Buhstancc into thin sheets, and then pick out all 
impurities, which is easily done, as the gutta docs not adhere to anything, and all 
foreign matter is merely entangled in its fibres, not incorporated in its substance. 
The quantity of gutta percha obtained from each tree varies from 5 to 20 catties, so 
that, taking the average at 10 catties, which is a tolerably liberal one, it will require 
the destruction of ten trees to produce one picul. How much better would it, there- 
fore, be to adopt the method of tapping the tree, practised by the Burmese in obtaining 
the caoutchouc from the Ficus clastica (viz. to make oblique incisions in the hark, 
placing bamboos to receive the rap which runs out freely). True, they would not at 
first get so much from a single tree, but the ultimate gain would be incalculable, 
particularly as the tree seems to be one of slow growth; by no means so rapid as the 
Ficus clastic a . 

Properties of the Gutta percha. — This substance when fresh and pare, is of a dirty 
whito colour, and of a greasy feel, with a peculiar leathery smell. It » not affected 
by boiling alcohol, but dissolves readily in boiling spirits of turpentine, also in naphtha 
and coal-tar. A good cement for luting bottles and other purposes is formed by 
boiling together equal parts of gutta and coal-tar and resin. When required for use, 
it can always be made plastic by putting the pot containing it over the fire for a few 
minutes. The gutta percha itself is highly inflammable ; a strip cut off takes light, 
and burns with a bright flame, (Quitting sparks, and dropping a black residuum in the 
manner of sealing wax, which in its combustion it very much resembles. But the 
great peculiarity of this substance, and that which makes it so eminently useful for 
many purposes, is the effect of boiling water upon it. When immersed for a few 
minutes in water above 1 50° Fuhr. it becomes soft and plastic, so os to be capable of 
being moulded to any required shape or form, which it retains upon pooling. If a strip 
of it be cut off and plunged into boiling water, it contracts in size both in length and 
breadth. 

It is this plasticity when plunged into boiling water that has allowed of its being 
applied to so many useful purposes, and which first induced *H>me Malays to fabricate 
it into whips, which were brought into Singapore, and led to its father notice. The 
natives subsequently extended their manufactures to buckets, basins, and Jugs, shoes, 
"races, vessels for cooling wines, and several other domestic uses. Its easy plasticity 
and power of retaining any shape given to it when cool, at once pointed it out os 
'suitable for the manufacture of hougies; and accordingly Dr. W. Montgomerie, 
availed himself of this, made several of the above instruments, and recommended the 
use of it to the Bengal Medical Board. It also answers very well for the tubes of 
syringes, which are ulways getting out of order in hot climates, when made of 
caoutchouc. 
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Mr. T. Oxley, Burgeon, Prince of Wales Island and Malacca, whose remarks are 
of much value from hjf acquaintance with the production of which he writes, suyB 

“ I observed in the Mechanics' Magazine for March, 1847, a notice of several 
patents taken out for the working of this article by Mr. Charles Hancock, m which an 
elaborate process is described for cleaning the potto, as also mention of its having a 
disagreeable acid smelL The guttn, when pure, is certainly slightly acid, that iB, it will 
cause a very slight effervescence when put into a solution of soda, but is unaffected 
by liquor potass©. The smell, although peculiar, is neither strong nor unpleasant, so 
that the article experimented upon must have been exceedingly impure, aud possibly 
derived a large portion of its acidity from the admixture and fermentation of other 
vegetable substances. Again ; it appears to me that, if the gutta be pure, the very 
elaborate process described as being necessary for cleaning it, is superfluous. The 
gutta can be obtained here in a perfectly pure state by simply boiling it in hot 
water until welf softened, and then rolling it out into thin sheets, when all 
foreign matter can be easily removed. I would recommend that the manufacturers 
at home should offer a higher price for the article if previously strained through 
cloth at the time of being collected, when they will receive tile gutta in a state that will 
save them a vast deal more in trouble and expense than the trifling addition necessary 
to the original prime cost” * 

In February, 1847, Mr. Charles Hancock obtained a patent for improvements 
in the manufacture of gutta percha. In the first place, for the construction of a 
slicing machine, consisting of a circular iron plate, formed with three radial slots, in 
which knives are fixed in a similar manner to the irons of an ordinary plane or spoke 
shave; the Bhuft which carries the plate is caused to rotate by steam or other power. 
The lumps of gutta percha drop against the knives, by which they are cm into 
slices, of a degree of thickness corresponding to the projection given to the knives. 
These slices are then soaked in a vessel of hot water till they become pliable. Instead 
of a circular revolving cutler, a vertical cutter or chopper may he used ; curved knives 
may be had recourse to for refractory lumps. The softened slices are next subjected 
to the action of breakers or rollers with serrated blades, which are mounted transversely 
over the tank. In front of each breaker there is a pair of fluted feeding rollers ; and 
the pieces of gutta percha are passed to the rollers of the first breaker. There is an 
inclined endless web mounted upon two rollers, the front one of which is immersed in 
the water, and the other is situated opposite the space between the feeding rollers of 
the second breaker. There is a second inclined web placed before the third breaker. 
There is also a mincing cylinder with radial blades working partly in the water. 
The feeding-rollers, and the carrying-rollers of the eudless welw, are made to revolve 
in a forward direction, while the breakers, the miucing cylinder, and tlic agitator, are 
made to revolve in the opposite direction. The breakers and mincing cylinder should 
revolve at the rate of from 600 to 800 revolutions per minute, but*the feeding rollers 
and endless webs need not move faster tliun about onc-sixtli of that rate. Thus, the 
substance is reduced to fragments and washed in the water, the heavy impurities falling 
to the bottom of the tanks, and the light purer matter floating. The water should 
lie used cold. When the gutta percha has a fetid smell, it is treated with carbonate of 
soda or chloride of lime. The same apparatus may be used for purifying euoutchouc. 

Mr. Hancock combined sulphur with gutta percha in the following manner: —He 
fouud that if a minute portion of sulphur be used along with a sulphide the best 
result is obtained ; the proper proportions being 6 parts of sulphide of antimony, 
or hydrosulphide of lime, and 1 part of sulphur to 48 parts of gutta perclia. 
When these materials have been mixed, the compound is put into a toiler and heated 
under pressure to a temperature of from 260° to 300° F. and it is to to left in this 
state for a period varying from half an hour to two hours, according to the thickness 
of the materials. He prefers, for effecting the union of the sulphurous constituent, 
the following method to the masticating machine. 1st He subjects the purified gutta 
percha to the combined action of steam and the fumes of orpiment and sulphur mixed 
iu the proportions stated, in a metal chamber, provided with a steam-tight cover 
Secured by screw-bolts. There is also a steam boiler oonnected therewith, and when 
the heat in it is raised to about 280° Fahr., a fire is lighted beneath the pot contain- 
ing the sulphurising materials. But the gutta percha, &c., should to heated with the 
steam before it ismulpburised. In from half an hour to two hours the sulphurising is 
finished. Or, the gutta perclia may be rubbed strongly over with the sulphurous 
mixture and then heated, either dry or with the aid of steam, or it may be coated in 
the form of a paste. , , ^ , , . . 

Another of Mr. Hoticock’s inventions is to expose the gutta percha to the deutoxid* 
of axote, or to chloride of sine, concentrated and toiling hot, and then washing with an 
alkaline solution or mere water. Gutta percha thus treated by the actioh of nitrous 
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gas, as it is evolved from nitric acid and copper, iron, or line, becomes exceedingly 
smooth, and of a lustre approaching to metallic ; the same effect is produced upon 
common unsnlpburised caoutchouc. Gutta percha is thus alsO freed from all sticki- 
ness ; and if sulphurised it acquires under this treatment the downy softness of velvet. 
Chloride of sine and nitrous gas remove the smell of vulcanised caoutchouc in a great 
measure, especially if it be afterwards washed. 

Another invention is that of masticating gutta percha in the proportion of 6 parti 
with 1 of chloride of sine ; which compound may be afterwards sulphurised. A 
further modification consists in producing a spongy gutta percha for stuffing sofas, 
&c. 48 parts of it moistened with oil of tnrpentine, coal naphtha, bisulphide of car- 
bon, or olher proper solvent, 6 parts of hydrosulphide of lime, sulphide of antimony,- 
or other analogous snlphide, 10 parts of carbonate of ammonia, carbonate of lime, or 
other substance that is either volatile or capable of yielding a volatile product, and 1 
part of sulphnr. Hr. Hancock mixes these materials together in U masticator, and 
then subjects them to a high decree of beat, observing the same conditions which 
are stated in the former description, except only that the heat may he poshed with 
advantage several degrees higher, say from 260° to 300°. 

Various articles are manufactured of ordinary gutta percha, such as single and 
double texture waterproof fabrics, hoots, galoshes, belts, bandages, T trowsers and other 
straps, capes, life-preservers, tubes, knapsacks, caps, cups, and other vessels of capacity, 
hammer cloths, cotton spinning rollers, hacks of cards for carding wool, pianoforte 
hammers, paper holders, springs, trusses, &c. By taking the gutta percha after it 
has been sulphurised, and brashing it with a solution of resin in boiling oil (linseed?), 
placing it in a chamber heated to from 75° to 100° Falir., and afterwards polishing 
it by the means usually employed by the japanners, it acquires the lustre of japanned 
wares. 

Mr. JTancock has also contrived a machine for cutting gutta percha into strips or 
rihund, threads, or cord of any required shape. It consists of two grooved rollers of 
iron or steel, mounted in a suitable framework. The grooves of each roller are semi- 
circular, and the projecting divisions between the grooves are made with knife edges, 
so as to divide readily any sheet or mass of gutta percha presented to them. The 
under roller is flanged at both ends, and the upper roller is made to fit inside of these 
flanges, in order to keep the catting edges from shifting or being damaged. To cut 
thin sheets of gutta percha with this machine into strips or ribands, the material is 
passed through it in a cold Btate, and only the cutting edges are brought into opera- 
tion. To make round cord or thread by means of it, either a sheet of gutta percha of 
a thickness equal to the diameter of the holes formed by the grooves, and at a fem- 
jKjrature of 200° Falir. (produced by supplying it from a feeding- chamber healed to 
lhat degree) is passed throngh the machine, and the threads or cords are received in 
a tank of cold water, from which they are led away to be wound on reels or drams ; 
or the gutta percha is employed in a plastic state, and passed under a gauge before it 
enters the machine. If it be desired to produce a cord of a semicircular form in the 
transverse Bection, a plane roller is substituted for the lower grooved roller ; or should 
cord of a square, triangular, or hexangular, or any other form be required, the two 
rollers must be shaped to suit 

Gutta Percha Tubes. — A series of interesting experiments have been made at the 
Birmingham Waterworks, relative to the strength of Gutta Percha Tubing, with a 
view to its applicability for the conveyance of water. The experiments were mode 
(under the direction of Henry Rose, Esq., engineer), upon tubes j of an inch diameter, 
and one eighth, of gutta percha. , These were attached to the iron main, and subjected 
for two months to a pressure of 200 feet head of water, without being in the slightest 
degree deteriorated. In order to ascertain if possible the maximum strength of the 
tubes, they were connected with the Water Company’s hydraulic proving pump, the 
regnlar load of which is 250 lbs. on the square inch. At this point the tubes were 
unaffected, and the pump was worked up to 337 lbs., bat to the astonishment of every 
one the tubes still remained perfect. It was then proposed to work the pump up to 
500 lbs., but it vras found that .the lever of the valve would not bear this weight. The 
utmost power of the hydraulic pump could not break the tabes. 

The gntta percha being somewhat elastic, allowed the tubes to become slightly ex- 
panded by the extraordinary pressure which was applied, hut on its withdrawal they 
resumed their former sixe. 

This tubing is such an extraordinary conductor of sound, that its value, not only 
to deaf persons, but to the public generally, has been fully uppreciuted. It has been 
fitted up in dwelling bouses, in lieu of bells. As speakings tubes for giving and 
receiving messages in mines, railway stations, prisons, workhouses, hotels, and all 
large establishments, it is invaluable. 

Properties of common Gutta Pacha.— The gutta percha, purified for manufacturing 
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purposes, is of a reddish-brown colour ; it readily becomes electrical by friction and 
is a bad conductor of both electricity and heat. At the ordinary temperature of our 
climate, say from 82* to 77°, it possesses about as much tenacity as thick leather, with 
rather less flexibility ; it softens and becomes sensibly doughy towards 120°, although 
still very tough. Its ductility is such, at a temperature of from 1 10° to 241°, that it is 
readily extended into thin sheets, or drawn into threads or tubes ; its flexibility and 
ductility diminish as the temperature becomes lower. It does not possess at any tem- 
perature the peculiar elastic extensibility which characterises caoutchouc. Exposed 
for an hour to a temperature of 14°, its flexibility is slightly diminished. 

In its various forms, gutta percha possesses a peculiar porosity, as may be shown 
in the following manner : — A drop of its solution in sulphuret of carbon is to be 
placed on a glass slip ; the spontaneous evaporation soon reduces this solution to a 
whitish plate ; if it be then examined with the microscope, the numerous cavities with 
which it is piesced may be distinctly perceived. These cavities may be rendered 
still more visible by means of a drop of water ; the liquid gradually insinuates itself, 
the mass appears more opaque, and by means of the microscope the cavities arc seen 
to be enlarged. 

Similar results are obtained by keeping thin transparent lamina), obtained by the 
evaporation, by heat, of a solution of gutta percha immersed in water for a considerable 
time. 

The preceding observations lead us to think, that this substance retaining, in con- 
sequence of its porosity, a great many minute particles of air, owes to this circum- 
stance its appearance of possessing a less density than that of water, namely 0*979. 
In ftict, on stretching gutta percha under strong pressure, and immediately cutting 
the strips thus produced into very small pieces under water, the greater part of the 
fragments fall to the bottom of the vessel — some immediately, others after absorbing 
a certain quantity of water. The same result is also obtained by keeping very thin 
leaves of gutta percha, prepared by different methods, immersed for a month in water 
deprived of air : their pores becoming gradually filled with the liquid, they became 
heavier than the water, and then ceased to float Gutta percha is also heavier in 
proportion to the length of time it has been exposed to the air, particularly in thin 
leaves. 

The porons structure of gutta percha becomes changed into a fibrous textnre when 
it is drawn out so as to double its length : then retaining but little extensibility, it 
supports, without breaking, the action of a force equal to double that required for its 
elongation in the first instance. 

Common gutta percha resists cold water, damp, and also the various influences 
which excite fermentation ; but it can be softened, and experience a sort of superficial 
doughy fusion by the action of the solar rays in summer. 

It is not attacked by alkaline solutions, even when caustic and concentrated ; am- 
monia, saline solutions, water containing carbonic acid, the various vegetable and 
mineral acids, do not act upon it ; the weaker alcoholic liquors (wines, beer, &c. ) do 
not touch it ; and even brandy scarcely dissolves a trace of it. Olive -oil does not ap- 
pear to attack gutta percha when cold ; when hot, it dissolves a small portion of it, 
which is again precipitated on cooling. 

Sulphuric acid with one eqniv. of water colours it brown, and disintegrates it with a 
sensible evolution of sulphurous acid. 

Muriatic acid, in its saturated solution in water at a temperature of 68° F., attacks 
gntta percha slowly, and gives it a more or less deep brown colour, at length rendering 
it brittle. 

Monohydrated nitric acid attacks it rapidly, with effervescence and an abundant evo- 
lution of fumes of hypouitrous acid ; the substance is decomposed, and coloured of a 
brownish-orange red : it becomes doughy, and afterwards solidifies by degrees and re- 
mains friable. 

In the cold, a^d even by heat, only a part of the gntta percha (0*15 to 0*22) is dis- 
solved by anhydrous alcohol or ether. Benzine and spirits of turpentine dissolve it 
partially when cold, but nearly completely if aided by beat. Sulphide of carbon and 
chloroform dissolve gutta percha when cold ; the solutions may be filtered beneath a 
bell-glass to prevent evaporation ; the filter retains the foreign matters of a reddish- 
brown colour, whilst the solution passes perfectly clear, and almost colourless. The 
filtered liquid, exposed to the air in a saucer, allows t he solvent to escape, and deposits 
the white gutta percha in a plate of greater or less thickness, which shrinks gradually 
in proportion tQ the evaporation of the liquid. 

Except the colour, which has disappeared, the gutta percha then offers the character* 
and properties mentioned above os belonging to the commercial substance. Submitted 
to a gradually raised temperature, it softens and melts, and may be made to boil with- 
out acquiring a sensible colour ; the transparent fluid gives abundant vapours, which are 
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condensible into a nearly colourless oily liquid. The portions last distilled have a 
brownish-orange colour, and a thin layer of carbonaceous deposit remains adherent to 
tiie sides of the vessel. 1 

Analyst *. — We have said above that alcohol and ether can dissolve only a portion of 
gutta percha ; this is because that substance consists, in feet of three proximate prin- 
ciples, the separation of which has required very delicate observation, although they 
are very clearly distinguished by several of their properties. 

When gutta percha in thin leaves is brought into contact, in a close vessel, with 15 
to SO vols. of cold anhydrous alcohol, and the temperature raised slowly by means of 
the wutcr-bath to the point of ebullition (172° F.), and kept at this point during se- 
veral hours, the liquid, if filtered whilst boiling and left in a closed flask, will, at the 
end of from 12 to 36 hoars, begin to deposit on the sides of the vessel and on the sur- 
fece of the solution white opaline granules, distant from one another, bnt some of them 
in gronps ; their sixe will gradually increase fbr some days. These ghmules, carefhlly 
examined under the microscope, will be found to have the form of spherules truncated 
by the sides of the vessel. Their surface is either smooth, or bristling with very small 
transparent, elongated, lamellar crystals. Some superficial fissures appear to indicate 
that these spherules are formed of a sort of transparent yellow kernel covered with a 
white pellicle. v * 

Perhaps no other example is known of this singular crystalline structure. In fact, 
cold anhydrons alcohol dissolves the whole of the yellow spheroidal substance, whilst 
the superficial pellicle, in the interior of which the alcohol has substituted itself for 
the solid globule, appears whiter and less transparent. 

The alcoholic solution, which has been for some days depositing this complex sphe- 
roidal crystallisation, can again take up by heat a portion of the two proximate prin- 
ciples remaining in the substance, allowing a fresh quantity to crystallise on cooling. 
Tbe extraction is completed by returning the boiling alcohol several times upon the 
gutta percha until it no longer dissolves anything. 

The solid substance which has resisted the action of the solvent, possesses, with 
some modifications, the principal properties of crude gutta percha ; we shall here 
call it pure gutta. As to the two other organic principles, one is a yellow resin , which 
is much more soluble in cold alcohol than the other, the white crystalline resin. 

By taking advantage of these different degrees of solubility, we are enabled with 
time and patience to effect the complete purification of these three principles. The 
separation may also be effected by treating finely-divided gutta percha with cold ether, 
which dissolves the mixture of the two resins more abundantly than alcohol ; they are 
afterwards separated from one auother by the same treatment already described for 
alcohol. 

The tendency of the white resin to form itself into radiated groups is mani- 
fested in a rather remarkable circumstance, which it is easy to reproduce. Narrow 
ribbous cut from a thin leaf of ordinary gutta percha arc to be placed in a tube, and 
immersed in anhydrous alcohol. The tube is then closed, and left for twenty or thirty 
days, when a few whitish points appear here and there on the ribbons, and afterwards 
on the sides of the tube. These points, which become gradually larger, are formed of 
crystalline tufts of the white resin. Thus this proximate principle is separated directly, 
and in the cold, even when the atmospheric temperature is gradually rising, for in- 
stance during the spring or early summer. 

The crystalline white resin, when completely purified by washings with alcohol, and 
then redissolved in anhydrous alcohol, is deposited by slow spontaneous evaporation in 
the air, in radiated crystals, forming sometimes symmetrical tufts arranged in stars, 
and then presenting the appearance of a sort of efflorescence. 

Distinctive characters and projwrties of the three proximate principles which con- 
stitute common Gutta PcrcJta. — The most abundant of these three principles, forming 
at least from 75 to 82 per cent, of the whole mass, is the pure gutta percha, which 
presents the principal properties of the commercial substance ; it is rhitc, transparent 
at a temperature of 212° F., when all its ports are melted together; opaque or semi- 
trausparent when cold, from its then acquiring a structure which causeB the inter- 
position of air, or of a liquid possessing a different refraction from its own. This 
structure appears still more distinct than in the natural substance containing all three 
principles. • 

In thin sheets, and at a temperature of 50° to 68° F., it is supple, tough, extensible, 
but not very elastic. At 112° F., it softens and tarns back upon itself, and becomes 
more and more adhesive and translucent in proportion to the elevation of temperature, 
fendergoing a sort of donghy fusion, which becomes more distinct towards 212° to 
230°. Heated beyond this point, it melts, boils, and distils, furnishing a pyrogenous 
oil and carfinretted gases. 

goflbeiran believes tho composition of perfectly pure gutta percha to be C IS H M , con 
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responding to 87*8 carbon and 12*2 hydrogen. Faraday found caoutchouc to be 
87 a 2 carbon, 12*8 hydrogen ; hence their chemical composition is identical 

Pure gntta percha, life the other two proximate principles, is quickly rendered elec- 
trical by friction, and is a bad conductor of heat ; it generally floats on water, but 
sinks to the bottom as soon as its pores are filled with this liqnid. It is insoluble in 
alcohol and ether, almost completely insoluble in benzine at 32° F. j it is soluble at 
77°, and becomes more and more so in proportion as the temperature is raised. 
The saturated solution at 86° forms itself into a semi-transparent mass when cooled 
below 32° ; alcohol precipitates the pure gutta percha from its solution in benzine. 

At 32°, spirits of turpentine dissolves very little gutta percha, whilst it disinte- 
grates and dissolves it readily when hot 

Chloroform and sulphide of carbon dissolve gutta percha in the cold. 

Alter the extraction by means of ether of the two resins interposed in the thin 
leaves of white gutta percha, leaving the last portion of ether with which they were 
impregnated to evaporate in the open air, these leaves, enclosed in a flask, expe- 
rienced, after remaining there for two months at a temperature of from 68° to 82° F., 
an alteration which appeared to depend on their porosity, the action of the air, and 
perhaps the ether retained in their pores. However it be, these leaves had then 
acquired new properties : they were brittle : exhaled a very distinct sharp odour ; 
brought into contact with an excess of anhydrous ether, they were partially dissolved ; 
the soluble portion, obtained by the evaporation of the ether and desiccation at 194° F., 
was glutinous and translucent ; it became opaqne and hard by cooling down to 14° F. 

Sulphide of carbon, renewed three times in six days, and evaporated each time after 
two days’ contact, left as residue a white flexible leaf. The portion not dissolved, 
swelled and transparent, did not appear to undergo any change when left in sulphide 
of carbon for ten days. 

This kind of spontaneous transformation would perhaps become complete if more 
prolonged ; its study will require much time ; it will perhaps put ns in the way of as- 
certaining the causes of certain changes observed in some small objects formed of gutta 
percha. It has already been ascertained, that thin leaves, exposed for eight con- 
secutive days to the action of the sun in moist air, were discoloured, and that their sub- 
stance had become in great part soluble in ether. 

Monohydrated sulphuric acid disintegrates, and communicates a brown colour to the 
pure gutta, with evolution of sulphurous acid; after eight days* contact, the deep brown 
liquid, on dilution with water, becomes tnrbid, and furnishes a brown flncculent preci- 
pitate. Nitric acid, with a single equivalent of water, attacks the pure gutta with a 
lively effervescence, and the evolution of orange vapours of liyponitrous acid. Muriatic 
acid, in its saturated solution, slowly attacks the thin leaves of gutta, giving them a deep 
brown colour ; at the end of eight days it becomes friable. The reaction of muriatic 
acid establishes an additional distinctive character between this proximate principle and 
the two others. , 

M. Payen has carefully examined the chemical and physical peculiarities of the 
three principles which he has discovered in gntta percha. These have, however, no 
in Wrest for the manufacturer, and we refer the chemical student to M. Payen’s Memoir. 

'Hie juice of Muddar has been proposed as a substitute for gutta percha, hut we 
are not aware that it has in any manufacture taken its place. Dr. Falconer describes 
a new kind of gutta perclia, which grows in the most southern British possession of 
the Merguin Islands, Indian Ocean. 

If a solution of gutta perelia in chloroform be mixed with 3 parts of ether, and ex- 
posed for some time to a temperature below 15°, the jgutta percha is precipitated as a 
white powder, forming when washed and dried a softwhitc mass. On spreading this 
solution on a plate of glass, a skin is formed, resembling kid-glove leather, which be- 
comes transparent on the application of heat. These films are beautifully white, if 
carefully prepared, and they have been employed in the manufacture of the finest 
kinds of artificial flowers. 

In 1848, Dr. Faraday drew the attention of experimentalists to the highly insulating 
power of gutta percha, which not only possesses this property under ordinary cir- 
cumstances, but likewise retains it under atmospheric conditions which would make 
the surface of glass a good conductor. This has led to its almost universal adoption 
as the insulator fly the wires of the electrical telegraph. When buried in the earth, 
unless it is attacked by insects, or by a fungus, it retains its high insulatory power, 
and we have every reason for believing that gntta percha docs not undergo a ehango 
when immersed in sea water. It has, however, l»cen found, that when it has beer 
exposed to the intensu sunshine of India, it undergoes a remarkable change } oxyger 
is absorbed, the gutta percha loses its coherence, and at the same time its powers o: 
insulation. 

Some idea of the progress mode in the applications of gntta percha will be fount* 
by the following table of imports since 1850. The demand for this substance ift 
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■till increasing, and it is to be feared that a destructive process is adopted in collect- 
ing the juice from the trees to meet the demand. 


cwts. cwti. 


1850 - 

- 

11,130 

1858 





19,641 

1851 - 


10,778 

1859 





18,593 

1852 - 


13,652 

1860 





21,321 

1858 - 


21,792 

1861 





19,749 

1854 - 


24,696 

1862 





18,284 

1855 - 


23,535 

1863 





21,655 

1856 - 


15,557 

1864 





35,636 

1857 - 


17,420 

1865 





36,750 


The gutta percha imported in 1863 and 1664 was from the following countries : — 


Names of Countries. 

1BG3. 

1864. 

Cwti. 

Computed 
reel value. 

Cwti. 

Computed 
real value. 

From Holland .... 

Borneo - 

Singapore &c. ... 

Other parts - 

875 

1,854 

18,597 

329 

£8,763 

80,765 

191,974 

3,459 

1,779 

4,318 

29,151 

388 

£13,737 

30,003 

228,131 

3,129 

Total - 

21,655 

224,961 

35,636 

275,000 


Substitutes for Gutta Percha.-— Sir William Holmes forwarded to the Council of 
the Society of Arts from Demerara, some other specimens of a gum termed ‘ Balata,’ 
the produce of the bullet tree (Sapota Mullen) which grows in that colony, and 
which, he* states, possesses the properties of gntta percha, and may be used as a sub- 
stitute for it Sir William Holmes says in his communication, “ I was Commissioner, 
representing the colony of British Gniana, at the International Exhibition of 1862. 
Among the varied Contributions from the colony was a specimen of the dried milk 
of the bullet tree ; it weighed perhaps half a pound. Amongst the numerous indi- 
viduals who visited the Guiana department was Mr. Charles Hancock, who is well 
known in the gutta percha trade. This gentleman was struck with the appearance 
of the specimen, and obtained a portion for experiment He reported most favourably 
as to its utility and value, a result most gratifying to me, as £ had received adverse 
opinions from less experienced persons. This happened, I think, in July 1862: from 
that time to the present I have been engaged in investigations how to produce the 
material cheaply, and how to dry or coagulate it rapidly. In both particulars I believe 
I have succeeded so far as to warrant the importation of steam machinery to be applied 
to its extraction ; and hv a fortunate accident I have discovered how to dry or coagu- 
late it, preserving the characteristic of elasticity, at a single operation, by the addition 

of a simple ingredient not very costly 

44 Amongst the useful properties of th eBulata, I believe the fresh milk of the bullet 
tree to be the best waterproofing material yet discovered. The bullet tree is a magni- 
ficent timber tree, often squaring 30 to 40 inches, and is much used, especially iu 
Berbicc, for building purposes. The milk, when quite fresh, is so bland that it is 
sometimes used as a substitute far cow's milk, and the fruit is delicious.” 

Mr. Ondoatjic, surgeon, forwarded to tbe same Society, from Ceylon, a specimen of 
the AbtUmia Scholar is, which he supposes may he used as a substitute for gutta percha. 
The tree abounds with milky juice like the gutta percha, has a fleshy bark and 
porous wood, and belongs to the natural order Apocynea. The natives believe that 
the tree is poisonons, but Mr. Ondaatjie has proved it not to be so. ' 

GYLE. A brewer's vat or utensil. Tbe vinegar maker's fermented wort 
GYPSUM. This natural production, which in its varieties is known as sulphate 
of lime, alabaster , selenite, satin sjmr, gyps, and plaster of Paris , has a composition of 
sulphuric acid, 46*51 ; lime, 32‘56 ; water, 20*93. 

The anhydrite from Derby is a mineral like gypsum, but, as its name indicates, con- 
taining no water; its composition being, lime, 41*2 ; sulphuric acid, 58*8; this is 
a Iso called muriacite and tripe-stone. It absorbs moisture and changes to gypsum. 
When gypsum is carefully burnt, it loses its water of composition, and forma the well- 
xiiown plaster of Paris 

The transparent varieties of gypsum are called selenite ; its floe massive varieties 
are alabaster , and its fibrous kinds satin span There is another variety in small 
scales of a pearly lustre, known as sehmmkalk . See Alabaster. 
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n. 

• 

HACKLE. A flax comb. See Flax. 

HADE. A miner's term, used in Derbyshire and some of the northern counties, 
signifying the inclination or deviation from the vertical of any mineral vein or lode. 
Ilndiugs signify that some parts of the vein incline, while others are vertical. 

HjEM ATI NONE. A kind of glass nsed by the ancients for making ornamental 
vessels, mosaics, &c. It is descried by Pliny, and has been found pretty abundantly 
in the excavations of Pompeii. This glass is of a beautiful red colour. It contains 
no other colouring matter except copper. 

HA2MAT1TE. Native oxide of iron. It is divided into red and brown heematite. 
See Ikon. 

HA2MATINE* Hannatoxyline. The colouring matter of logwood. See Hbmatine, 
Logwood. 

IIASMATOSINE (from the Greek al/ia, blood). The red colouring matter of the 
blood. 

HAIR ( Cheveu, Crin, Fr. ; Hacur, Germ.) is of all animal products the one least 
liable to spontaneous change. It can bcdissolvcd in water only at a temperature some- 
what above 230° F., in a Papin's digester, but it appears to be partially decomposed by 
this heat, since some sulphuretted hydrogen is disengaged. By dry distillation, hair 
gives off sulphuretted gases, while the residnum contains sulphate of lime, common 
salt, much silica, with some oxide of iron and manganese. It is a remarkable 
fact that fair hair affords magnesia, instead of these latter two oxides. Uorse-liair 
yields about 12 per cent, of phosphate of lime. 

We have no recent analysis of hair. Vauquelin found nine different substances in 
black lmir ; in red hair, a red oil instead of a greenish-black one. 

Hairs are tubular, their cavities being filled with a fat oil, having the same colour 
with themselves. Hair plnnged in chlorine gas, is immediately decomposed and con- 
verted into a viscid mass ; but when immersed in weak aqueous chlorine, it Undergoes 
no change, except a little bleaching. 

Living hairs arc rendered black by applying to them for a short time a paste made 
by mixing litharge, slaked lime, and bicarbonate of potash, in various proportions, 
according to the shade of colour desired. The ordinary mode of dyeing human hair, 
is first to saturate the hair with the sulphide Qf potassium in solution ; then, when this 
has been well absorbed and is partially dry, a solution of nitrate of silver is to be up- 
plied. By varying the proportions of the sulphide, and the strength of the silver 
solution, almost any tone of colour, from a brown to a black, con he produced. 

The salts of silver, mercury, lead, bismuth, as well as their oxides, blacken hair, 
or make it of a dark violet, by the formation, most probably, of metallic sulphurets 
(sulphides'). 

Hair as an object of manufactures is of two kinds, the curly and the straight. The 
former, which is short, is spun into a cord, and boiled in this state, to give it the 
tortuous springy form. The' hairs of rabbits and hares are prepared for the hat- 
maker by a process called sdcretage , so as to render them fit for felting. The skins 
with the hair still upon them are laid upon a table, and with a brash, made from the 
bristle of the wild boar, a solution of nitrate of mercury is applied many times in 
succession, till every part of the fur be equally touched, and till about two-thirds of 
the length of the hairs be moistened. The skins arc then placed together to com- 
plete the impregnation, and put into a store-room. In^rying there is a retraction of 
the hairs, and the required curling is produced. The long straight hair is woven into 
cloth for sieves, and also for ornamental purposes, as in the damask-hoir cloth of chair 
bottoms. For this purpose the hair may be dyed in the following way: — 

Forty pounds of tail hair, about 26 inches long, are steeped in lime water during 
twelve hours. TJi^n a bath is made with a decoction of SO pounds of logwood , kept 
boiling for three, hours, after which time the fire is withdrawn from the boiler, and 
ten ounces of copperas are introduced, stirred about, and the hair is immersed, hav- 
ing been washed from the lime in river water. The hair should remain in this cool- 
ing bath for 24 hours, whan the operation will be finished. Hair used for weaving 
is obtained principally from South America and from Russia. All the black and 
grey hair is dyed for the manufacture of black hair-cloth for covering furniture. 
■White only can be dyed so as to produce what are called fancy colours, and great care 
is required in the process. ■ 

The quality of hair-cloth, as well as the brilliancy and permanency of the colours, 
depend in a great degree on the nature of the warp, which may either of ' cotton, 
linen, or worsted. Coloured 'hair-cloth is made at Worcester, Sheffield, ahd Paris, 
and used for covering sofas aud chairs, and for railway carriages. 
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The looms for weaving hair differ from the common ones, only in the templet and 
the shuttle. Two templets of iron must be used to keep the staff equably but lightly 
stretched. These templets, of which one is represented in fig, 936, arc constructed in 




936 


I— V 


" j 

t? 


the shape of flat pincers ; the jaws, c c, 
being furnished with teeth inside. A screw, 
i>, hinds the jaws together, and hinders the 
selvage from going inwards. Upon the side 
cross-lwam of the loom, seen in section at i, 
a bolt is fixed which carries a not i at its 
end, into which a screwed iron rod e enters, 
on one of whose ends is the handle n. The L_J 1 

other extremity of the screw k is adapted C^o 

by a washer and pin to the back of the 

pincers at the point h, so that by turning the handle to the right or -the left, we draw 
onwards or push backwards the pincers und the stuff at pleasure. The warp of the 
web is made of black linen yarn. The weft is of hair, and it ib thrown with a long 
hooked shuttle, or a long rod, having a catch hook at its end. The length of this 
shuttle is about 3 feet ; its breadth half an inch, and its thickness one sixth. It is 
made of box-wood. .The reed is of polished steel; the thread ^arps are conducted 
through it in the usual way. The workman passes this shuttle between the hairs of 
the warp witli one hand, when the shed or shuttle way is opened by the treddles ; a 
child placed on one side of the loom presents a hair to the weaver near the selvage, 
who catches it with the hook of his shuttle, and by drawing it out passes it through 
the warp. The hairs are placed in a bundle on the side where the child stands, in a 
chest filled with water to keep them moist, for otherwise they would not have the 
suppleness requisite to form a web. Each time that a hair is thrown across, the 
batten is driven home twice. . The warp is dressed with paste in the usual way. The 
hair-cloth, after it is woven, is hot calendered to give it lustre. Ju the Great Exhi- 
bition of 1851, J. Bardoffsky (Russia) exhibited a collection of bowls, dislies, plates. 
&c., formed of the hair of the rabbit, hare, and other animals, which were felted and 
afterwards varnished. They had the appearance of papier mache, and were very light 
Hair imported in the years 18G3 and 1864 — 

1863. 1864. 

cwt*. value. cwti. value. 

43,281 £205,218 63,771 £311,109 

15,854 . 78,813 17,743 90,511 

3,434,705 502,728 ’ 4,737,330 650,191 


Oow, ox, bull, or elk 
Horse - 
Goat - 


and of manufactures of hair or goat’s wool, not made up, and wholly or in part made 
lip, 233,200/., as entered at computed real value. 

‘ HAIR BRUSHES.— PENCILS, for artists. 

The hair brushes are manufactured with coarse hair, as that of the swine, the wild 
hoar, the dog, &c. and these are usually attached, by binding with cord or by securing 
them with a piece of tin plate, to a wooden handle. 

The hair pencils are composed of very fine hairs, as those of the sable, the miniver, 
the marten, the badger, and the polecat. These are usually mounted in a quill, but 
sometimes they are secured as in the former case with tinned iron. 

The most essential quality of a good pencil is to form a fine point, so that all the 
hairs without exception may be united when they are moistened by laying them upon 
the tongue, or drawing them through the lips. When hairs present the form of un 
elongated cone in a pencil, their point only can be used. The whole difficulty consists, 
after the hairs are cleansed, in arranging them together so that all their points may lie in 
the same horizontal plane. We must wash the tails of the animals whose hairs are to be 
used, by scouring them in a solution of alum till they be quite free from grease, and 
then steeping them for 24 hoars in lukc-wurm water. We next squeeze out the water 
by pressing them strongly from the root to the tip, in order to lay the hairs as smooth 
as possible. They are to he combed in the longitudinal direction, with a very fine- 
toothed comb, and finally wrapped up in fine linen, and dried. When perfectly dry, 
the hairs are seized with pincers, cut across close to the skin, and arranged in separate 
heaps, according to their respective lengths. 

Each of these little heaps is placed separately, one after the otlmr, in small tin pans 
with flat bottoms, with the tips of the hair upwards. On strikingthe bottom of the pan 
slightly upon a table, the hairs get arranged parallel to each other, and their delicate 
points rise more or less according to their lengths. The longer ones are to he picked 
j' out and made into so many separate parcels, wnereby each parcel may be composed of 
equally long hairs. The perfection of the pencil depends upon this equality ; the 
tapering point being produced simply by the attenuation of the tips. 
a A pinch of one of these parcels is then taken, of a thickness corresponding to the 
intended size of tbc pencil ; it is set in a little tin pan, with its tips undermost, and 
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if shaken by striking the pan on the -table as before. The root end of the hairs being 
tied by the fisherman’s or seaman’s knot, with a fine thread, it is taken out of the pan, 
and then hooped withfcstronger thread or twine ; the knots being drawn Tory tight by 
means of two little sticks. The distance from the tips at which these ligatures are 
placed, is of course relative to the nature of the hair, and the desired length of the 
pencil. The base of the pencil must be trimmed fiat with a pair of scissors. 

Nothing now remains to be done but to mount the pencils in quill or tin-plate tubes, 
as above described. The quills are those of swans, geese, ducks, lapwings, pigeons, 
nr larks, according to the size of the pencil. They are steeped during 24 hours in 
water, to swell and soften them, and to prevent the chance of their splitting when the 
hair brush is pressed into them. The brush of hair is introduced by its tips into the 
large end of the cut quill, having previously drawn them to a point with the lips, when 
it is pushed forwards with a wire of the same diameter, till it comes oat at the other 
and narrower eqd of the quill. 

The smaller the pencils, the finer ought the hairs to be. In this respect the manu- 
facture requires much delicacy of tact and experience. 

The manufacture of hair brushes, clothes brushes, tooth and nail brushes, is neces- 
sarily very large, and of considerable importance. The technical details of this 
manufacture woulf} occupy space to the exclusion of more im^prtant matter. 

II ALLOT IS, the sea ear shell. A genus of molluscous animals belonging to the 
class Gasteropoda. These shells, possessing a fine nacre, are extensively used in the 
ornamentation of papier macho articles, and inother-of-pearl ornaments. 

II ALOGENE, in a term employed by llerzelius to designate those substances which 
form compounds of a saline nature by their union with metals ; such are chlorine, 
iodine, bromine, fluorine, and cyanogen ; the salts thus formed being called haloid 
sails , from their resemblance to common salt (NaCl), (&As, sea salt, and tffiof, form). 
Since the discovery of the compound halogenc. Cyanogen, some chemists have 
been led to view all salts ns under the type of haloid salts ; assuming in the different 
acids certain compound halogens, as in sulphuric acid the halogenc (SO 4 ); in nitric 
acid the halogcne (NO*) &c. ; which in combination with hydrogen form the acids; 
the different salts being formed by the displacement of the hydrogen by the meul, 
as follows: sulphuric acid (HSO 4 ), sulphate of potash (KSO 1 ). nitric acid (HNO 6 ), 
nitrate of soda (NaNO 8 ), See. — H. K. *1. 

HANDSPIKE. A strong wooden bar, used as a lever to mow the windlass and 
capstan in heaving the anchor, or ruising any heavy weights aboard ship. The 
handle is round, smooth, and somewhat taper. The other end is squared to fit the 
holes in the head of the capstan or the barrel of the windlass. 

HARDENING. The processes by which metals arc rendered harder than they 
are when they first leave the hands of the workman. 

Some metals are hardened by hammering or rolling ; but care is required not to 
carry this too far, as brittleness may be induced. Sudden cooling is had recourse to 
with some metals. Pure hammered iron appears after annealing to he equally soft, 
whether suddenly or slowly cooled ; some of the impure kinds of malleable iron harden 
by immersion. Steel, however, receives by 6uddcii cooling that extreme degree of 
hardness combined with tenacity, which places it so incalculably beyond every other 
material for the manufacture of cutting tools. 

In hardening and tempering steel there are three things to be considered, namely, 
the meaus of heating the objects to redness, the means of cooling the same, and the 
means of applying the heat for tempering, or “ letting them down.” 

Steel pens are hardened by being heated in large quantities in iron trays within a 
furnace, and then plunged in an oily mixture ; gendfally, they are likewise tempered 
in oil or a composition, the boiling point of which is the same as the temperature suited 
to 44 letting them down.” 

Saws and springs are hardened in various compositions of oil, suet, wax, and other 
ingredients, 14 which however lose their hardening property after a few weeks’ constant 
use.” Steel platSs are hardened occasionally by allowing water to full on them when 
hot. 

Case hardening is the process by which wrought iron is first converted exteriorly 
into steel, and is subsequently hardened to that particular depth, leaving the central 
l>art8 in their original condition of soft and fibrous iron. The principal agents used 
for case hardening are animal matters, as the hoofs, horns, bones, aud skins of animals. 
The prussiate of potash, which is a compound of carbon and nitrogen, is also employed 
for case hardening. In principle it is the same as the animal substances. The iron 
is heated in the open fire to a dull red, and the prussiate is either sprinkled upon it 
rublied on in the lump ; it is returned to the fire for a few minutes, and immersed in 
water. In the volume of Lardneris 44 Cyclopedia,” on Iron and Sleet, edited by Robert 
Hunt, the subjects of hardening and tempering are treated in a practical manner. 
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HARDNESS. (Dwreti, Fr. j Hart* Fmtigkeit , Germ.) A hard body will scratch 
one that ii softer than itself. This method of determining the hardness of minerals 
is employed by mineralogists. A good steel file is commonlj used for trying the 
respective hardness of minerals. 

Mohs introduced a scale of hardness which shows the gradual increase in hardness 
through 10 minerals. 


1. Talc; common laminated light green 
variety. 

2. Gypsum; crystallised variety. 

3. Colette ; transparent variety. 

4. Fluor spar ; crystalline variety. 

5. Apatite; transparent variety. 

The following table, compiled by Dr. Ure for the early editions of his dictionary, 

will still be found very useful as representing, relatively, the hardness of the mineral 
named, although the numbers which express the degree of hardness do not agree with 
the scale of Mohs. 


6. Feldspar (orthoclase) ; white cleav- 
able variety. 

7. Quartz; transparent. 

8. Topaz; ditto. 

9. Sapphire ; deavable varieties. 

10. Diamond. 


Substances. 

B 

Hardness. 

Sp. Gray. 

Substances. 


Sp. (Srar. 

Diamond from Osmus 

20 

3*7 

Sardonyx - 

. 

12 

26 

Pink diamond - 

- 

19 

3*4 

Occidental amethyst - 

11 

2*7 

Rluish diamond 

- 

19 

33 

Crystal - 

- 

11 

2G 

Yellowish diamond 


19 

33 

Cornelian 

- 

11 

2*7 

Cubic diamond - 


IS 

32 

Green jasper 

- 

11 

27 

Ruby 


17 

4*2 

Reddish yellow do - 

D 

2*6 

Pale ruby from Brazil 

16 

3*5 

Schorl 


Ifl 

3 6 

Deep blue sapphire 


16 

38 

Tourmaline 


mm 

30 

Ditto, paler 


17 

38 

Quartz - 


Bfl 


Topaz 


15 

42 

Opal 


mm 


Whitish topaz - 


14 

35 

Chrysolite 


■fl 

3*7 

Ruby spinel 


13 

34 

Zeolite 


8 

21 

Bohemian topaz 


11 

2*8 

Fluor 




Emerald - 


12 

2*8 

Calcareous spar 



Garnet 


12 

4*4 

Gypsum - 

- 



Agate 


12 

26 

Chalk - 

- 

Kfl 

BTH 

Onyx 


12 

2*0 



HI 

m 


HARDWARE. Under this term is comprehended the articles manufactured of 
any of the baser metals. See these respectively. 

HA RE WOOD. See Stcamohe. a __ 

HARM ALA RED. A red colouring matter, obtained from the seeds of Peganvm 
Jlamala, a plant found in the Crimea. It is obtained by digesting the seed in 
alcohol for some days. This colouring matter unites with acids, forming red-salts, 
and dyes wool or silk mordanted with the salts of alumina a light rose red or a deep 
scarlet The colours are said to be fugitive. . 

HARTSHORN, SPIRIT OF, is foe old name for foe solution of ammonia in 
water, the liquor ammonia of foe London Pharmacopoeia. 

HASSOCK. A term given to a kind of sandstone produced in tlie quarries of 
Kentish Ragstone in Kent When of good quality, it is employed in building foe 
interior walls of churches. The following is an analysis of Hassock, by Dr. Plomby, 
of Maidstone '.—carbonate of lime, 53; alumina, 4; oxide of iron, 8; silica, 32; 
small quantities of phosphate of lime, soda, magnesia, chlorine and sulphuric acid, 3; 
(- 100 ). 

HATCHETINE. One of foe native hydrocarbons. It occurs in the crevices of 
Septaria, and in the ironstones of foe coal formations at Ebbw Yale, in masses 
resembling wax or train oiL It is also found in Argyleshire. According to 
Johnston its composition is— carbon, 85*91 ; hydrogen, 14*62 (=100*53). 

HAT MANUFACTURE. (L'art de Chapelier , Fr. ; Hutmacherkunst, Germ.) 
Hat is the name of aoovering for the head worn by both sexes, but principally by men. 

As foe art of making bats does not involve foe description of any curious machinery, 
or any interesting processes, we shall not enter into very minute details upon the 
/rahject. It will be sufficient to convey to foe reader a general idea of the methods 
< employed in this manufacture. 

The m ptarlela used in making stuff hats are the furs of hares and rabbits freed from 
the long hair, together with wool and beaver The beaver is reserved for the finer 
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hat*. The fur is first laid upon a bardie made of wood or wire, with longitudinal 
openings; and ihe operator, by means of an instrument called the bow, (which is a 
piece of elastio ash, ok or seven feet long, with a catgut stretched between its two 
extremities, and made to vibrate by a bowstick,) causes the vibrating string to strike 
and play upon the fhr, so os to scatter the fibres in all directions, while the dust and 
filth descend through the grids of the hurdle. 

After the fhr is thus driven by the bow from one end of the hurdle to the other, it 
forms a muss called a bat, which is only half the quantity sufficient for a hat The 
bat or cupade thus formed is rendered compact by pressing it down with the hardening 
skin (a piece of half* tanned leather), and the union of the fibres is increased by cover- 
ing them with a doth, while the workman presses them together repeatedly with his 
hands. The doth being taken off, a piece of paper, with its corners doubled in, so as 
to give it a triangular outline, is laid above the bat The opposite edges of the bat 
are then folded aver the paper, and being brought together and pressed again with the 
hands, they form a conical cap. This cap is next laid upon another bat, ready har- 
dened, so that the joined edges of the first bat rest upon the new one. This new bat 
is folded over the other, and its edges joined by pressure as before; so that tlie join- 
ing of the first conical cap is opposite to that of the second. This compound bet is 
now wrought with the hands for a considerable time upon the Hurdle between folds of 
linen cloth, being occasionally sprinkled with clear water, till the hat is basoned, or 
rendered tolerably firm. 

The cap is now taken to a wooden receiver, like a very flat mill-hopper, consisting 
of eight wooden plains, sloping gently to the centre, which contains a kettle filled with 
P37 water acidulated with sulphuric arid. The 

technical name of this vessel is the battery . It 
consists of a kettle a. Jig. 932 ; and of the 
planks, n, c, which arc sloping planes, usually 
eight in number, one being allotted to each 
workman. The half of each plank next the 
kettle is made of lead, the upper half of ma- 
hogany. In this liquor the hat is occasionally 
dipped, and wrought by the hands, or some- 
times with a roller, upon the sloping planks. 
It is thus fulled or thickened during four or 
five hours ; the knots or hard substances are 
picked out by the workman, and fresh felt is 
added by means of a wet brush to those parts 
that require it. The beaver is applied at the 
end of this operation. In the manufacture of 
beaver hats, the grounds of beer are added to 
the liquor in the kettle. 

Stopping, or thickening the thin spots, seen by looking through the body, is per- 
formed by daubing on additional stuff with successive applications of the hot acidulous 
liquor from a brush dipped into the kettle, until the body be sufficiently shrunk and 
made uniform. After drying, it is stiffened with varnish composition rubbed in with 
a brush; the inside surface being more copiously imbued with it than the outer; while 
the brim is peculiarly charged with the stiffening. 

When once more dried, the body is ready to be covered, which is done at the battery. 
The first cover of beaver or napping, which has been previously bowed, is strewed 
equably over the body, and patted on with a brush jnoistened with the hot liquor, 
until it gets incorporated ; the cut ends towards the root, being the points which spon- 
taneously intrude. The body is now put into a coarse hair cloth, then dipped and 
rolled in the hot liquor, until the root ends of the beaver are thoroughly worked in. 
This is technically called rolling off, or roughing. A strip for the brim, round the 
edge of the inside, ja treated in the same way; whereby everything is ready for the 
second cover (of beaver), which is incorporated in like manner ; the rolling, Ac. being 
continued, till a uniform, close, and well-felted hood is formed. 

The hat is now ready to receive its proper shape. For this purpose the workman 
turns np the edge or brim to the depth of ubout 1 J inch, and then returns the point of 
the cone back agon} through the axis of the cap, so as to produce another inner fold 
of the same depth. A third fold is produced by returning the point of the cone, and 
so on till the point resembles a flat circular piece having a number of concentric folds. 
In this state it is laid upon the plank, and wetted with the liquor. The workman pulls 
oat the point with his fingers, and presses it down with his hand, turning it at the 
esrae time round on its centre upon the plank, till a fiat portion, equal to the crown 
of the hat, is rubbed out This fiat crown is now placed upon a block, and," by press- 
ing a string called a commander , down the sides of the block, he forces the parts adia- 
Vol. II. P P 
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cent to the crown, to assume a cylindrical figure. The brim now appeara like a 
puckered appendage round the cylindrical cone ; but the proper figure » next given 
to it, by working and rubbing it. The body is rendered waterproof and stiff by being 
imbued with a varnish composed of shellac, sandarach, mastic, and other resins dis- 
solved in alcohol or naphtha. 

The hat being dried, its nap is raised or loosened with a wire brush or card, and 
sometimes it is previously pounced or rubbed with pumice, to take off the coarser 
parts and afterwards rubbed over with seal skin. The hat is now tied with pack- 
thread upon, its block, and is afterwards dyed. 

The dyed hats are now removed to the stiffening shop. Beer grounds are next 
applied on the inside of the crown, for the purpose of preventing the glue from coming 
through ; and when the beer grounds are dried, glue (gum Senegal is sometimes used), 
a little thinner than that used by carpenters, is laid with a brush on the inside of the 
crown, and the lower surface of the brim. 

The hat is then softened by exposure to steam, on the steaming basin, and is 
brushed and ironed till it receives the proper gloss. It is lastly rut round at the brim 
by a knife fixed at the end of a gauge, which rests againBt the crown. The brim, 
however, is not cut entirely through, but is torn off so as to leave an edging of beaver 
rouud the external riiii of the hat The crown being tied up in a 1 gauxe paper, which 
is neatly ironed down, is then ready for the last operand's of lining and binding. 

The furs and wools of which hats are manufactured contain in their early stage of 
pre|ianition, hemp* and hairs, which must be removed in order to produce a material 
for the better description of hats. This separation is effected by a sort of winnowing 
machine, which wafts away the finer and lighter parts of the furs and wools from the 
coarser. 

The annexed figures represent Mr. Ollerenahaw's machine, generally employed for 
ironing hats. Fig. 938 is the frame- work or standard upon which three of these 



lathes are mounted, as ▲, b, g The lathe ▲ is intended to be employed when the 
crown of the hat is to be ironed. The lathe u, when the flat top, and the upper side 
of ihe briiu is ironed, and lathe c, when its uuder side is ironed ; motion being given to 
the whole by means of a band passing from any first mover (as a steam-engine, water- 
w heel, &c.) to the drum on the main shaft a a. From this drum a strap passes over 
the rigger 6, which actuates the axle of the lathe A. On to this lathe a sort of chuck 
is screwed, and to the chuck the block c is made fast by screws, frills, or pins. This 
hlock is represented in section, in order to show the manner in which' it is made, of 
several pieces held fast by the centre wedge-piece, as seen at fig. 939. 

The hat-block being made to turn round with the chuck, at the rate of about twenty 
turns per minute, but in the opposite direction to the revolution of an ordinary turning 
lathe, ihe workman applies his hot iron to the surface of the hat, and thereby smooths 
it, giving a beautiful glossy appearance to the beaver j he then applies a plush cushion, 
and rubs round the surface of the hat while it is still revolving. The hat, with its 
block, is now removed to the lathe b, where it is placed upon the chuck <4 and npuie to 
turn in a horixontal direction, at the rate of about twenty revolutions per minute, for 
the purpose of ironing the flat-top of the crown. This lathe b moves upon an upright 
shaft e, and is actuated by a twisted band passing from the main shaft round the 
rigger/. In order to iron the upper surface of the brim, the block c is removed from 
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the lathe, and taken oat of the hat, when the block fig, 940 is mounted upon the chuck 
d, and made to turn under the hand of the workman, a a before. 

The hat ia now to Be removed to the lathe c, where it is introduced in an inverted 
position, between the arms g g supporting the rim A A, the top surface of which is 
shown at fig. 941. The spindle i of the lathe turns by similar means to the last, but 
slower ; only ten turns per minute will be sufficient The workman now smooths the 
under side of the brim, by drawing the iron across it, that is from the centre outwards. 
The hat is then carefully examined, and all the burs and coarse hairs picked out, after 
which the smoothing process is performed as before, and the dressing of the hat is 
complete. This description of the manufacture of the beaver hat has been retained, 
though it is now but little practised, the silk hat having taken its place. 

Silk hats, for several years after they were manufactured, were liable to two objec- 
tions ; first, the body or shell over which the silk covering is laid, was, from its hard- 
ness, apt to hurt*tbe head ; second, the edge of the crown being much exposed to blows, 
the silk nap soon got abraded, so as to lay bare the cotton foundation, which is not 
capable of taking so fine a black die as the silk; whence the hat assumed a shabby 
appearance. Messrs. May hew and White, of London, proposed to remedy these 
defects, by making the hat body of stuff or wool, and relievqpg the stiffness of the 
inner part round tne brim, by attaching a coating of beaver upon the under side of 
the brim, so as to render the hat pliable. Round the edge of the tip or crown, a quan- 
tity of what is called stop wool is to be attached by the ordinary operation of 
bowing, which will render the edge soft and clastic. The hat is to be afterwards 
dyed of a good black colour, both outside and inside ; and being then properly 
stiffened and blocked, is ready for the covering of silk. 

The plush employed for covering silk hats, is a raised nap or pile woven usually upon 
a cotton foundation ; and the cotton, being incapable of receiving tbe same brilliant 
black dye as the silk, renders the hat apt to turn brown whenever the silk nap is 
partially worn off To counteract this evil, the foundation of the plush is now 
frequently made entirely of silk. To these two improvements, now pretty generally 
introduced, the present excellence of the 6ilk hats may be ascribed. 

Fig . 942 is a side view of the carding engine, employed in preparing the silk for 



hats, with a horizontal plan or view of the lower part of the carding machine, showing 
the operative parts of the winding apparatus, as connected to the carding engine. The 
doffer cylinder is covered with fillets of wire cards, such as are usually employed m ' 
carding engines, and these fillets are divided into two, three, or more spaces extending 
round the periphery of the cylinder, the object of which division is to separate the 
sliYer into two, three, or more breadths, which are to be conducted to and wound upon 
distinct blocks, for making so many separate bats or caps. 
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The principal cylinder of the curding engine, if made to revolve by t rigger upon 
ite axle, actuated by a band from any first mover as usual, and the subordinate rollers or 
cylinders belonging to the carding engine, are all turned by pulleys, and bands, and 
gear, as in the ordinary construction. ... . . 

The wool or other material is supplied to the feeding doth, and earned through 
the engine to the doffer cylinder, as in other carding engines ; the doffer comb is 
actuated by a revolving crank in the common way, and by means of it the slivers are 
taken from the doffer cylinder, and thence received on to the surfaces of the blocks e e. 
These blocks, of which two only are shown to prevent confusion, are mounted upon 
axles, supported by suitable bearings, in a carriage//, and are made to revolve by means 
of a band g g, leading from a pulley on the axle of a conical drum beneath. The baud 
g passes over a pulley A, affixed to the axle of one of the blocks, while another pulley 
i, upon the same axle, gives motion, by means of a band, to as many other blocks as 
are adapted to the machine. 

As it is necessary in winding the slivers on to the blocks, to cross them in different 
directions, and also to pass the sliver over the hemispherical ends of the blocks, in 
order that the wool or other material may be uniformly spread over the surface in 
forming the cap or hood for the shell or foundation of the intended hat, the carriage 
/, with the blocks, is made to traverse to and fro in lateral directions upon rollers at 
each end. 

This alternating motion of the carriage ia caused by a horisontal lever 1 1 (seen in 
the horisontal view fig. 942), moving upon a fulcrum pin at n, which lever is attached 
to the carriage at one extremity a, and at the other end has a weighted cord which 
draws the side of this lever against a cam wheel o. This cam is made to revolve by 
means of a band and pulley, which turns the shaft and endless screw q , and tins 
endless screw, taking into a toothed wheel r, on the axle of the cam o, causes the cam 
to revolve, the periphery of which cam running against a friction roller on the side of 
the lever 4 causes the lever to vibrate, and the carriage//, attached to it, to traverse to 
and fro upon the supporting rollers, as described. By these means the slivers are 
laid in oblique directions (varying as the carriage traverses) over the surface of the 
blocks. 


The blocks being conically formed, or of other irregular figures, it is necessary, in 
order to wind the slivers with uniform tension, to vary their speed according to the 
diameter of that part of the block which is receiving the sliver. This is effected by 
giving different velocities to the pulley on the axle of the conical drum «, corresponding 
with e. There is a similar conical drum t, placed in a reverse position in the lower 
part of the frame, which is actuated by a band from any convenient part of the machine 
passing over a pulley «, upon the axle of L From the drum to the drum a, there is 
a hand », which is made to slide along the drums by the guidance of two rollers at the 
end of the lever L 

it will now be seen that when the larger diameter of the cam wheel o forces the 
lever outwards, the bund v will be guided on to the smaller part of the conical drum f, 
and the larger part of s, consequently the drum t will at this time receive its slowest 
motion, and the band y will turn the blocks slower also ; the reverse end of the lever £, 
having by the same movement ilidden the carriage into that position which causes the 
slivers to wind upon the larger diameter of the blocks. » 

When the smaller diameter of the cam ia acting against the side of the lever, the 
weighted cord draws the end of the lever to the opposite side, and the band v will be 
guided on to the larger part of the cone f, and the smaller part of the cone *{ tou- 
■emsentty, the quicker movement of the bud g will now cause the blocks ee to reiolve 
with a corresponding speed. The carriage/ will also bo moved upon its rollers ro 
the reverae side, and the sliver of wool or other material be now wound u^n the 
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fomaees a a a, the tops of which are covered with iron plates bbb. Upon these plates, 
which are heated by the fornmce below, or by steam, the bodies wrapped in the wet 
cloths e e c, are placed and pressed upon by the flaps or covers ddd, sliding upon 
guide rods, to which flapsa traversing motion is given, by means of chains attached tb 
an alternating bar e e. This bar is moved by a rotary cranky which has its motion 
by pulleys from any actuating power. When any one of the flaps is turned up to 
remove the bodies from beneath, the chains hang loosely, and the flap remains 
stationary. 

These caps or hat bodies, after having been hardened in the manner above described, 
may be felted in the usual way by hand, or they are felted in a frilling mill by the 
usual process employed for milling cloths, except that the hat bodies are occasionally 
taken oat of the falling mill, and passed between rollers, for the purpose of rendering 
the felt more perfect. 

Mr. Curey, of tyufnrd, obtained a patent in October, 1834, for an invention of certain 
machinery to be employed in the manufacture of hats, which is ingenious and seems 
to be worthy of notice in this place. It consists in the adaptation of a system of rollers, 
forming a machine, by means of which the-operation of roughing or plaiting of hats, 

may be performed ; that is, the 
beaver 9 * other for may be 
made to attach itself, and work 
into the felt or hat body, with- 
out the necessity of the ordi- 
nary manual operations. 

The accompanying draw- 
ings represent the machine in 
several views, for the purpose 
of showing the construction of 
all its parts. Fig. 944 is a 
front elevation of the machine ; 
Jig. 945 is a side elevation of 
the same; Jig. 946 is a longi- 
tudinal section of the machine ; 
and Jig. 947 is a transverse 
section ; the similar letters in- 
dicating the same parts in all 
the figures. 

Upon a brick or other suit- 
able base, a furnace or fire- 
place a, is made, having a de- 
scending flue b 9 for the pnr- 
pose of carrying away the 
•moke. A pan or shallow 
vessel c c, formed of lead, is 
placed over the foroace; which 
vessel is intended to contain a 
sour liquor, as a solution of 
vitriolic acid and water. On 
the edge of this pan is erected 
a wooden casing ddd, which 
encloses three sides, leaving 
•the fourth open for the pur- 
pose of obtaining access to the 
working apparatus within. A 
series of what may be termed 
lantern rollers, # e e, is mounted 
on axles toning in the side 
casings ; and another series of 
similar lantern rollers,///; is 
in like manner mounted above. 
These lantern rollers are made 
to revolve by means of bevel 
pinions; fixed on the ends of 
their axles, which are toned 
by similar bevel wheels on the 
lateral shafts’?, and A, driven by a winch, t, and gear, as shown in Ape. 944 and 943. 

Having prepared the bodies of the hats, and laid upon their surfaces the usual coat- 
ings of heaver, or other for, when so prepared they axe to he placed between hair 
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cloths, and these bur cloths folded within a canvas or other suitable wrapper. Three 
or more hats being thus enclosed in each wrapper, the packages are severally put into 
bogs or pockets in an endless band of sackcloth, or other suitable material; which 
endless band ii extended over the lantern rollers in the machine. 

In the first instance, for the purpose of merely attaching the furs to the felts (which is 
called slicking, when performed by hand), Mr. Carey prefers to pass the endless band 
kkk, with the covered hat bodies, over the upper series///, of the lantern rollers, in 
order to avoid the inconvenience of disturbing the fur, which might occur from sub- 
jecting them to immersion in the solution contained in the pan, before the fur had 
become attached to the bodies. 

After this operation of slicking has been effected, he distends the endless band A A A, 
over the lower series of lantern rollers see, and round a carrier roller /, as shown in 
Jig. 946; and having withdrawn the hat bodies for the purpose of examining them, 
and changing their folds, ho packs them again in a similar way in flannel, or other 
suitable cloths, and introduces them into the pockets or bags of the endless bands, as 
before. 

On pntting the machinery in rotatory motion in the way described, the hats will be 
carried along through the apparatus, and subjected to the scalding solution in the pan, 
as also to .the pressure, and to a tortuous action between the ribs o( the lantern rollers, 
as they revolve, which will cause the ends of the fur to work into the felted bodies of 
the hats, and by that means permanently to attach the nap to the body ; an operation 
which when performed by hand, is called rolling off 

A varnish made by dissolving shellac, mastic, sandarac, and other resins in alcohol, 
or the naphtha of wood vinegar, is generally employed as the stiffening and water- 
proof ingredient of hat bodies. A solution of caoutchouc is often applied to whale- 
bone and horse-hair hat bodies. 

The following recipe has been prescribed as a good composition for stiffening hats : 
four parts of shellac, one part of mastic, one half of a part of turpentine, dissolved in 
five parts of alcohol, by agitation and subsequent repose, without the aid of heat This 
stiffening varnish should be applied quickly to the body or foundation with a soft oh- 
lonp brush, in a dry and rather warm workshop; the hat being previously fitted with 
its inside turned outwards upon a block. The body must be immediately afterwards 
taken off, to prevent adhesion. 

Another method of proceeding is, first to dissolve the gums by agitation in twice 
the due quantity of spirits, whether of wood or wine, and then, after complete solu- 
tion, draw off one half the spirit in a still, so as to bring the stiffening to a proper 
consistency. No sediment subsequently appears on dilating this solution, however 
much it may be done. 

Both the spirit and alkali stiffenings for hats made by the following two recipes, have 
been tried by some of the first houses in the trade, and have been much approved of:— 

Spirit Stiffening . 

7 pounds of orange shellac. 

2 pounds of gum sandaracu 

4 ounces of gum mastic 

Half a pound of amber resiu. 

1 pint of solution of copal. 

1 gallon of spirit of wine or wood naphtha. 

The shellac, sandarac, mastic, resin, are dissolved in the spirit, and the solution of 
copal is added last 

« AUtali Stiffening. 

7 pounds of common block shellac. 

1 pound of amber resin. 

4 ounces of gum thus. 

4 ounces of gum mastic 

6 ounces of borax. 

Half a pint of solution of copal. 

The borax is first dissolved in a little warm water (say l gallon) ; this 
liquor is now jut into a copper pan (heated by steam), together with the diellac, resin, 
thus, and mastic, and allowed to boil for some time, more warm water being added 
occasionally nntil it is of a proper consistence. 

Hat-Dyeing. — The ordinary bath for dyeing hats employed by the London manu- 
facturers consists, for 12 dosen, of — 

144 pounds of logwood ; 

12 pounds of men sulphate of iron, or copperas ; 

7} pounds Qi verdigris. 
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The copper is usually made of a semi-cylindrical shape, and should be surrounded 
with an iron jacket or case, into which steam may be admitted, jo as to raise the tem- 
perature of the interior bath to 190° F-, but no higher, otherwise the heat is apt to 
affect the stiffening vaAiish. called the gam, with which the body of the hut has been 
imbued. The logwood haring been introduced and digested for some time, the 
copperas and verdigris are added in successive quantities, and in the above proportions, 
along with every successive two or three doscns of hats, suspended upon the dipping 
machine. Each set of hats, after being exposed to the bath with occasional airings 
during 40 minutes, is taken off the pegs, and laid out upon the ground to be more com- 
pletely blackened by the peroxidisemcnt of the iron with the atmospheric oxygen. In 
3 or 4 hours the dyeing is completed. When fully dyed, the hats are well washed in 
running water. 

Mr. Buffum states that there are four principal objects accomplished by his patent 
invention fbr dyeing hats : — 

1. In the operation ; 

2. The production of a better colour ; 

3. The prevention of any of the damages to which hats are liable in the dyeing $ 

4. The accomplishment of the dyeing process in a mnch shorter time than by flio 
usual methods, and consequently lessening the injurious effects pf the dye bath upon 
the texture of the hat. 

Fig. 948 shows one method of constructing the apparatus, a a is a semi- cylindrical 



shaped copper vessel, with fiat ends, in which the dyeing process is carried on. bbb is 
a wheel with several circular rims mounted upon arms, which revolve upon an axlec. 
In the face of these rims a number of pegs or blocks arc Bet at nearly equal distances 
apart, upon each of which pegs or blocks it is intended to place a hat, ami as the wheel 
revolves, to pass it into and out of the dyeing liquor in the vat or copper. This whi-el 
may be kept revolving with a very slow motion, either by gear connecting its axle, c, 
with any moving power, or it may he turned round by hand, at intervals of ten 
minutes ; Whereby the hats hnng upon the pegs will he alternately immersed for the 
space often minutes in the dyeing liquor, and then for the same space exposed to the 
atmospheric air. In this Way, the process of dyeing, it is supposed, may be grvatly 
facilitated and improved, as the occasional transition from the dye vat into the air, 
and from the air again into the bath, will enable the*oxygen of the atmosphere to 
strike the dye more perfectly and expeditiously into the materials of which the hat 
is composed, than by a continued immersion in the hath for a much longer time. 

A variation in the mode of performing this process is suggested, and the apparatus 
fig. 949 is proposed to be employed, a a is a square vat or vessel containing the dye- 
ing liquor ; b o is a^frame or rack having a number of pegs placed in it for hanging 
the hats upon, which are about to be dyed, in a manner similar to the wheel above 
described. This frame or rack is suspended by cords from a crane, and may in that 
way be lowered down with the hats into the vat, or drawn up and exposed in the air; 
changes which may be mlde every 10 or 20 minutes. 

Mr. William Hodfee’s patent improvements in hat dyeing, partly founded upon an 
invention of Mr. Bowler, consist, first in causing every alternate frame to which the 
suspenders or blocks are to be attached, to slide in and out of grooves, for the purpose 
of more easily removing the said suspenders when required. Fig. 950, represents the 
improved dyeing frame, consisting of two circular rims, a a, which are connected to- 
gether at top and bottom, by three fixed perpendicular bars or the frame-work bob. 
Two other perpendicular frames, cc, similar to the former, slide in grooves, dddd % 
« 
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fixed to the upper and lower rims. These grooves have anti-fraction rollers in them 
for the purpose of making the frames c c 9 to slide in and out more freely. The 
suspenders or substitutes for 
blocks, by these means, may be 
more eanly got at by drawing 
out the frames c c, about half 
way, when the suspenders, which 
are attached to the frames with 
the hats upon them, may be 
easily reached, and either re- 
moved or altered in position; 
and when it is done on one side, 
the sliding-frame may be brought 
out on the other, and the re- 
maining quantity of Suspenders" 
undergo the same operation. 

The patentee remarks, that it 
is well known to all hat dyers, 
that alter the hats have been in 
the dyeing liquor some time, they 
ought to be taken out and ex- * 
posed to the action of the atmo- 
spheric air, when they are again 
immersed in the copper, that 
part of the hat which was upper- 
most in the first immersion, being 
placed downwards in the second. 

This is done for the purpose of obtaining an uniform and regular dye. The patentee's 
mode of carrying this operation into effect, is shown in the 6gure ; e e are pivots 
for the dyeing-frame to turn upon, which is supported by tbe arms /, from a crane 
above. The whole apparatus may be raised up or lowered into the copper by 
means of the crane or other mechanism. When the dyeing-frame is raised out of 
the copper, the whole of the suspenders or blocks are revened, by turning the appa- 
ratus over upon the pivots e e, and thus the whole surfaces of the hats are equally 
acted upon by tbe dyeing material. 

It should be observed, that when the dyeing-frame is raised up out of the copper, 
it should be tilted on one side, so as to make all the liquor run out of the hats, as also 
to cause the rims of the hats to bang down, and not stick to the body of the hat, or 
leave a bad place or uneven dye upon it The second improvement described by the 
patentee, is foe construction of “ suspenders," to bo substituted instead of foe ordinary 
blocks. 

These “ suspenders ” are composed of thin plates of copper, bent into foe required 
form, that is, nearly resembling that of a hat block, and made in snob a manner as 
to be capable of contraction and expansion to suit different sixed hats, and keep them 
distended, which may be altered by the workman at pleasure, when it is required to 
place tbe hats upon them, or remove them therefrom. Tbe dyeing-frame a tfig. 960, 
is shown with only two of theso “ suspenders," in order to prevent confusion. One 
of these suspenders is represented detached at fig. 951, which exhibits a side view; 
andjfy. 952, a front view of the same. It will be seen by reference to foe figure, that 
foe suspenders consist of two distinct parts, which may be enlarged or collapsed by a 
variety of means, and which nteans may be suggested by any competent mechanic. 
Tbe two parts of the suspenders are proposed to be connected together by arms g g % 
and at the junction of these arms a key is connected for turning them round when 
required. It will be seen on reference to the front view, fig. 952, that the “ sus- 
penders " or substitutes for blocks are open at the top or crown part of the hat ; this 
is for the purpose of allowing foe dyeing liquor to penetrate. ' 

' From the mixture of copperas and verdigris employed in foe hat dye, a vast quan- 
tity of UD Ochreous muddy precipitate results, amounting to no less than 25 per cent, 
of the weight of foe copperas. This iron mud forms a deposit upon the hats, which 
not only corrodes the fine filaments of foe heaver, hut causee bosh them and the felt 
stuff to turn speedily of a rusty brown. There is no process in \he whole circle of 
oar manufactures so barbarous as that of dyeing stuff hats. No ray of chemical 
science seems hitherto to have penetrated the dark recesses of their dye shops. (Some 
hatters have tried to remove this corrosive brown ochre by a hath of dilute sulphurio 
iicid, and then counteract foe evil effect of foe acid upon the black dye by an alkaline 
bath ; hot with a most unhappy effect Hats so treated are most deceptive and 
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unprofitable ; os they tarn of a dirty brown hue when exposed for a few weeks to 
sunshine and air. 

The annual Talue #f the hats manufactured at present in the United Kingdom is 
estimated at 3,000,000/. sterling. 

HAWTHORN. ( [Opine Blanche, "Ft.; Weissdorn, Genn.) Cratagvs oxycantha, Linn. 
This shrub hoa a hard whitish wood, but as it is small and difficult to work, it is not 
much used. 

HAYESSINE. A borate of lime, which is found abundantly on the western coast 
of America, so called from its discoverer. It has been introduced for use in our glass 
manufacture, and is used by our potters. See Bobax. 

HAZEL. (Noisetier, Fr. ; ifaselstaude , Germ.) The Carylus avclluna , a small 
underwood, used a little in turnery and for the manufacture of toys. 

HAZEL. A north of England term for a hard grit 

HAZEL MOULD. The name given in Hampshire to a light loamy soil. 

HEARTH ( Foyer, , Fr. ; Heerde * Germ.) is the flat or hollow space in a smelting 
furnace upon which the ore and fluxes are subjected to the influence of flame. 

HEARTHSTONE. A soft stone employed for whitening door steps, &c. A 
large quantity of hearthstones are brought to London from the quarries at God- 
stone. • • 

HEAT. The Force or Principle upon which the conditions, relatively, of 
solid, fluid, and aeriform states depend. That which produces the sensation of 
warmth. 

The discussion of the habitudes of heat with the different kinds of matter belongs to 
physico-chemical science, and is treated of in Watts' “ Dictionary of Chemistry.” 
It will suffice, in this place, to state succinctly those laws which have, more directly, a 
bearing on any of our manufacturing processes. 

Heat and motive power are mutually convertible* and heat requires for its production , 
and produces by its disappearance , motive power in the proportion of 772 foot-pounds fur 
each Fahrenheit unit of heat — Rankine 

This unit of heat has been* established by Dr. Joule to he the amount of heat re- 
quired to raise the temperature of one pound of liquid water by one degree of Fahren- 
heit. A falling weight, or any other mode of motion, produces a definite quantity 
of heat according to this law. 

If the total actual heat of a homogeneous and uniformly hot substance be conceived la 
he divided into any numbers of equal parts, the effect of those parts in causing work to be 
performed will be equal — Rankine . 

Or in other words, of a given equivalent of heat, from whatever source produced, 
the work which it can effect is always an equal and constant quantity. 

Heat may be produced by friction, as we see in the development of it, powerfully, 
in the axles of railway carriages insufficiently lubricated. By the attrition of two 
pieces of wood ignition can be obtained. 

Heat is developed in the mixture of bodies of different densities, such as spirits of 
wine and water, or sulphuric acid and water, there being a diminution of volume in 
each case. 

Heat is produced by many conditions of- chemical combination, in numerous cases 
io energetically as to produce intense combustion and even explosion. 

Heat is obtained by combustion for our ordinary manufacturing processes, and 
domestic uses. This I s a chemical union of one body with another, as carbon with 
oxygen ; but to effect this, an excitant appears necessary or a continually increasing 
excitement of the energy upon which heat depend* as, the application of flame in 
one cose and the phenomena of spontaneous combustion in another. 

Electricity by its disturbing power, developes heat, aud this all important force is 
also rendered manifest by the processes of vitality (vital or nervous force). 

Dr. Joule has clearly shown, that whatever may be the source of heat, a cer- 
tain fixed elevation of temperature is produced by a given amount of mechanical, 
chemical, electrical, or vital disturbance, and that the mechanical value of the cause 
producing the heat is exactly represented by the mechanical effect obtained. 

For a full discussion of this important point, see the Memoirs of Joule, of Thomson, 
and of Rankine, in the Philosophical Transactions of London and Edinburgh. The 
applications of heat will be found under the proper heads. Sec also Spheroidal 
State. , „ „ 

HEAT-REGULATOR, or .Thermostat. The name {given by Mu Bonnemam to 
an ingenious apparatus for regulating the temperature of his incubating stove rooms. 
See Incubation, Artificial, for the manner of applying the Heat-Regulator. 

The construe! ion of the regulator is founded upon the unequal dilatatioit.of different 
metals by tbe same degree of heat A rod of iron r,fig, 953, is tapped at its lower 
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end into a brass nnt y, enclosed in a leaded box or tube, terminated above by a brats 
collet z. Thii tube is plunged into the water of the boiler, alongside of the smoke- 
pipe. Fig. 954, is a bird's-eye view of the dial, &c. The expansion of the lead 
being more than the iron for a like degree of temperature, and the rod enclosed within 
the tube being less easily warmed, whenever the heat rises to the desired pitch, the 
elongation of the tube puts the collet * in contact with the heel, a, of the bent lever 
a, b % d ; thence the slightest increase 953 

of heat lengthens the tube anew, 

and the collet lifting the heel of __ . „ _ „ 

the lever, depresses the other end 1 $ 


d through a much greater space, 
on account of the relative lengths 
of its legs. This movement ope- 
rates near the axis of a balance-bar 
e, sinks one end of this, and there- 
by increases the extent of the move- 
ment, which is transmitted directly 
to the iron skewer v. This push- 
ing down a swing register dimi- 
nishes or cuts off the access of air 
to the fire-place. The combustion 
is thereby obstructed, and the tem- 
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perature falling by degrees, the tube shrinks and disengages the heel of the lever. TI10 
counterpoise y, fixed to the balance beam e, raises the other extremity of this beam by 
raising the end d of the lever as much as is necessary to make the heel bear upon the 
collet of the tube. The swing, register acted upon by this means, presents a greater 
section to the passage of the air ; whence the combustion is increased. To counter- 
balance the effect of atmospheric changes, the iron stem which supports the regulator 
is terminated by a dial disc, round the shaft of the needle above K fig. 954 ; on turn- 
mg this needle, the stem below it turns, as well as a screw at its under end, which raises 
or lowers the leaden tube. In the first case the heel falls, and opens the swing re- 
gister, whence a higher temperature is required to shut it, by the expansion of the tube. 
We may thus obtain a regularly higher temperature. If, on the contrary, we raise 
the tube by turning the needle in the other direction, the register presents a smaller 
opening, and shuts at a lower temperature ; iu this case we obtain a regularly lower 
temperature. It is therefore easy, says M. Bonnemain, to determine it priori the degree 
of temperature to be given to the water circulating in the stove pipes. In order to 
facilitate the regulation of the apparatus, he graduated the disc dial, and inscribed 
upon its top and bottom, the woids Strong and Weak heat. 

Thermostat, is the name of an apparatus for regulating temperature, in va- 
porisation, distillations, heating baths or hothouses, and ventilating apartments, &c.; 
for which I obtained a patent in the year 1831. It operates upon the physical prin- 
ciple, that when two thin metallic bars of different expansibilities are riveted or 
soldered facewise together, any change of temperature in them will cause a sensible 
movement of flexure iu the compound bar, to one side or other ; which movement 
may be made to operate, by the intervention of levers, &c., in any desired^ degree, 
upon valves, stopcocks, stove-registers, air-ventilators, &c. * so as to regulate the 
temperature of the media in which the said compound bars are placed. Two long 
rulers, one of steel, and one of hard hammered brass, riveted together, answer very 
well ; the object being not simpl v to indicate , but to control or modify temperature. 
The following diagrams will illustrate a few out of the numerous applications of this 
instrument: . r 

Fig. 955, a, ft, is df single thermostatic bar, consisting of two or more bars or rulers 
of differently expansible solids (of which, in certain cases, wood may be one) : these 
bars or rulers are firmly riveted or soldered together, face to face. One end of the 
compound bar is fixed by bolts at a, to the interior of the containing cistern, boiler, 
or apartment, almb t whereof the temperature has to be regulated, and the other end 
of the compound bar at ft, is left free to move down towards c, by the flexure which 
will take place when its temperature is raised. 

The end 4, it connected by a link, 4 d, with a lew d «, which ii moved by the 
flexure into the dotted position b g, causing the turning-valve, air-ventilutor, or re- 
gister, o s, to revolve with a corresponding angular motion, whereby the lever will 
raise the equipoised slide-damper k i, which is suspended by a link from the end e, 
■w the lever e d \ into the position A h. Thus a hothouse or a water-bath may have 
its temperature regulated by the contemporaneous admission of warm, and discharge 
of cold air, dr water. 
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Fig. 956, abc is a thermostatic hoop, immersed horizontally beneath tht surface of 
the water bath of a still The hoop is fixed at a, and the two ends A c, are connected 
by two links bd,cd, *rith a straight sliding rod d A, to which the hoop will give an 

endwise motion, when its temperature is 
altered ; e, is an adjusting screw-nut on the 
rod rf A, for setting the lever / g, which is 
fixed on the axis of the turning-valve or cock 
/, at any desired position, so that the valve 
may be opened or shut at any desired tem- 
perature, corresponding to the widening of 
the points 5, c, and the consentaneous re- 
traction of the point d, towards the circum- 
ference abc of the hoop, g A, is an arc 
graduated by a thermometer, after the screw- 
piece e has been adjusted. Through a hole 
at A, the guide rod passes ; i, is the cold- 
water cistern ; i / A, the pipe to admit cold 
water ; /, the overflow pipe, at which tlio 
excess of hot water rails off. 

Fig. 957 shows a pair of thermostatic bars, 
bolted fast together at the ends a. The 
ftree ends A, c, are of unequal length, so as 
to act by the cross links tL, f % on the stop- 
cock e. The links are jointed to the handle 
of the turning plug of the cock, on opposite 
sides of its centre ; whereby that plug will 
be turned round in proportion to the wideuing 
of the points A, c. kg is the pipe communicating with the stopcock. 

Suppose that for certain purposes in pimrmucy, dyeing, or any other chemical art, 
a water-bath is required to be maintained steadily at a temperature of 150°F. : let the 
combined thermostatic bars, hinged together at e,/. Jig. 958, be placed in the bath 

between the outer and inner vessels 
a, A, c, </, being bolted fast to the inner 
vessel at g ; and have their sliding rod A, 
connected by a link with a lever fixed 
upon the turning plug of the stopcock i, 
which introduces cold water from a 
cistern n, through a pipe m, #, n, into the 
bottom part of the bath. The length 
of the link must be so adjusted that the 
flexure of the bare, when they are at a 
temperature of 150°, will open tlie said 
stopcock, and admit cold water to pass 
into the bottom of the bath through the 
pipe i n, whereby hot water will be dis- 
placed at the top of the bath through 
an open overflow-pipe at 7 . An oil 
bath may be regulated on the same 
plan ; the hot oil overflowing from 7 , 
into a refrigeratory worm, from which it may be restored to the cistern m. When a 
water bath is heated by the distribution of a tortuous steam pipe through it, as in o p, 
it will be necessary to connect the link of the thermostatic ban with the lever of the 
turning plug of the steam-cock, or of the throttle valve i, in ordefc that the bars, by 
their flexure, may shut or open the steam passage more or less, according as the tem- 
perature of the wgter in the bath shall tend more or less to deviate from the pitch to 
which the apparatus has been adjusted. The water of the condensed steam will pass 
off from the sloping winding-pipe in op, through the sloping orifice p. A saline acid 
or alkaline bath has a boiling temperature proportional to its degree of concentration, 
and may therefore have its heat regulated by immersing a thermostat in it and con- 
necting the working part of the iuBtrument with a stopcock i, which will admit water 
todilute the bath whenever by evaporation it has become concentrated, and has acquired 
a higher boiling point The space for the bath, between the outer and inner pans, should 
commanieute by one pipe with the watei; cistern w, and by another pipe with a safety 
cistern r, into which the bath may be allowed to overflow during any sudden excess of 
ebullition. 

Fig . 961 is a thermostatic apparatus, composed of three pairs of bars d'd d, which 
are | represented in a state of flexure by neat; but they become nearly straight 
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and parallel when cold, ahc is a guide rod, fixed at one end by an adjusting screw 
e, in the strong frame f e, having deep guide 
grooves at toe sides. / g, is the work- 
ing-rod, which moves endways when the 
bars d d d, operate by heat or cold. A 
square register-plate h g, may be affixed 
to the rod/p, so as to be moved backwards 
and forward s thereby, according to the 
variations of temperature ; or the rod f g % 
may cause the circular turning air-register, 
i, to revolve by rack and wheel work, or by 
a chain and pulley. The register-plate h g, 
or turning register i, is situated at the ceil- 
ing or upper part of the chamber, and serves 
to let out hot-air. A, is a pulley, over which 
a cord runs to raise or lower a hot-air 
register /, which may be situated near the 
floor of the apartment or hot-house, to admit 
hot air into the room. * c is a milled bead, 
for adjusting the thermostat, by means of 
the screw at e, in order that it may regulate the temperature to any degree. 

Fig. 963 represents a chimney, fhrnished with a pyroslat , ah c, acting by the links 
h, d, e, c, on a damper f h g. The more expansible metal is in the present example 
supposed to be on the outside. The plane of the damper-plate will, in this case, be 
turned more directly into the passage of the draught through the chimney by increase 
of temperature. 

Fig. 960 represents a circular turning register, such as is used for a stove, or stove- 
grate, or for ventilating apartments ; if is furnished with a series of spiral thermostatic 
bars, each bar being fixed fast at the circumference of the circle b, c, of the fixed plate 
of the air-register; and all the bars act in coucert at the centre a of the 
turning part of the register ; by their ends being inserted between the 
teeth of a small pinion, or by being jointed to the central part of the 
turning plate by small pins. 

Fig. 959 represents another arrangement of my thermostatic apparatus 
applied to a circular turning register, like the preceding, for ventilating 
apartments. Two pairs of compound bars are applied so as to act in 
concert, by means of thelinks a c,h c, on the opposite ends of u short lever 
which is fixed on the central part of the turning plate of the air-register. 

The two pairs of compound bars a b , are fastened to the circumference 
of the fixed plate of the turning register, by two sliding rods ad, be, 
which arc furnished with adjusting screws. 'Their motion or flexure is 
transmitted by the links a c and b c, to the turning plate, about its centre, 
for the purpose of shutting or opening the ventilating sectorial aper- 
tures, more or less, according to the temperature of the air which sur- 
rounds the thermostatic turning register. By adjusting the screws a d, and b c, the 
turning register is made to close all its apertures at any desired degree of c tempera- 
ture ; but whenever the air is above that temperature, the flexure of the compound bars 
will open the apertures. 

HEAVE, a miner's term, expressing the dislocation of a lode. See Fault. 

HEAVY-SPAR, SULPHATE OF BARYTES, or CAWK* (Spath pesant, Fr. 5 
Schwerspath, Germ.), is an abundant mineral, which accompanies veins of lead, silver, 
mercury, &c., but is often found, also, in large masses. Its colour is usually white, 
or flesh coloured. It varies from translucent to opaqne. It belongs to the trimetrio 
system, but it occurs in many crystalline forms, of which the cleavage is a right 
rhomboidal prism. It is met with also of a fibrous, radiated, and granular structure. 
Its sp. gr. varies from 4*1 to 4*7 H =* 2-5 to 3*5. It has a strong lustre, between 
the fatty and the vitreous, sometimes pearly. It melts at 35° Wedgw. into a white 
opaque enamel. Its constituents are 65*67 baryta, and 34*33 sulphuric acid ; but it is 
sometimes rendered impure by oxide of iron, silica, carbonate of lime and alumina, 
and commonly by sulphate of strontian. It is not acted upon by reids j decrepitates 
before the blowpipe ; and is difficultly fusible, or only on the edges. In the inner 
flame is reduced to a snlphuret, and the globnle when moistened smells slightly 
hepatic. It is decomposed by calcination in contact with charcoal at a white heat, 
•into snlphuret of baryta ; from which all the baryta salts may be readily formed. Its 
chief employment in commerce is for adulterating white lead ; a purpose which it 

* Tha term Cawk has bean applied to the opaque massive variety, of an earthy appearance, and dirty* 
white colour, which Is found In Derbyshire and Staffordshire. , 
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readily serves on account of its density. Its presence here is easily detected by dilute 
nitric acid, which dissolves the carbonate of lead, and leaves the heavy spar. It is 
also a useful ingredient in some kinds of pottery, and glass. 

The following were ihe quantities of barytes, both carbonate and sulphate, returned 
to the Mining Record Office, and reported in Hunt's Mineral Statistics for 1865;— 
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0 
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0 

0 
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IS 

4 

4 

0 
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0 
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0 
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ST 

4,005 



Derbyshire, the Isle of Arran, and Ireland produced some sulphate of barytes 
which has not been given in the above return. 

HECKLE (Serait, Fr. ; Hechcl , Germ.) is an implement for dissevering the fila* 
ments of flax, and laying them in parallel stricks or tresses. See Flax. 

HELIOGRAPH x was the name given by M. Niepce to his process for obtaining, 
through the agencysof the solar rays upon plutcs of metal or glaffi covered with resins, 
the impression of external objects. The process has been employed of late years in 
preparing lithographic stones, and steel or copper plates, for receiving photographic 
impressions, which might be subsequently printed from. The name heliography is a 
far more appropriate one than photography ; but the latter has become too permanently 
fixed in our language to leave any hope of our returning to the former. See Photo- 
graphy. 

HELIOTROPE is a variety of jasper, mixed with chlorite, green earth, and diallagc ; 
occasionally marked with blood red points ; whence its vulgar name of blood-stone. 

HEMATINE is the name given by its discoverer Chevreul to a crystalline sub- 
stance, of a pale pink colour, and brilliant lustre when viewed in a lens, which he 
extracted from logwood, the Ihrmatoxylon Campechianum of botanists. It is, in fact, 
the characteristic principle of this dye wood. To procure hematine, digest during 
a few hours ground logwood in water heated to a temperature of about 130° Falir. ; 
filter the liquor, evaporate it to dryness by a steam bath, and put the extract in 
alcohol of 0*835 for a day. Then filter anew, and after having inspissated the 
alcoholic solution by evaporation, pour into it a little water, evaporate gently aguin,. 
and then leave it to itself in a cool place. In this way numerous crystals of hematine 
will be obtained, which may be purified by washing with alcohol and drying. 

When subjected to dry distillation in a retort, hematine affords all the usual products 
of vegetable bodies, along with a little ammonia ; which proves the presence of azote. 
Boiling water dissolves it abundantly, and assumes an orange-red colour, which passes 
into yellow by cooling, but becomes red again with heat. Sulphurous acid destroys 
the colour of solution of hematine. Potash and ammonia convert into a dark purple- 
red tint the pale solution of hematine ; when these alkalies are added in large quantity, 
they make the colour violet blue, then brown-red, and lastly brown-yellow. By this 
time the hematine has become decomposed, and cannot be restored to its pristine state 
by neutralising the alkalies with acids. 

The waters of baryta, strontia, and lime exercise an analogous power of decomposi- 
tion ; but they eventually precipitate the changed colouring matter. 

A red solution of hematine subjected to a current of sulphuretted hydrogen becomes 
yellow ; but it resumes its original hue when the sulphuretted hydrogen is removed by 
a little potash. 

The protoxide of lead, the protoxide of tin, the hydrate of peroxide of iron, the 
hydrate of oxides of copper and nickel, oxide of bismuth, combine with hematine, and 
colour it blue with more or less of a violet cast 

* Hematine prccifttates glue from its solution in reddish flocks. This substance has 
not hitherto been employed in its pure state ; but os it constitutes the active principle 
of logwood, it enters as an ingredient into all the colours made with that dye stuff. 

These colours are principally violet and black. Chevruel has proposed hematine 
as an excellent test of acidity. 

HEMATITE (F#r Oliyiste, Fr. | ' liotheisenstein, Germ.) is a native reddish-brown 
peroxide of iron. This term was applied to this ore of iron by the ancients, on 
account of the red colour of its powder, from htpa blood. 

This species includes specular iron and the old red iron ore (see Ikon, Speculae, ; 
Micaceous). “ The varieties of a sub-metallic or nou-mctallic lustre were included 
nnder the names of red hematite, fibrous red iron, or of soft and earthy red ochre, and 
when consisting of slightly coherent scales, scaly red iron or red iron froth " ( Dana ). 
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Dana alio includes, most injudiciously as it appears, reddle or red chalk, en&jaspery day 
iron ore , with some others, among the hematites. 

The hematite proper occurs in a remarkable manner at Whitehaven and at Ulver- 
stone. The following analysis of the Whitehaven ore of Cleator Moor by Mr. A. 
Dick, shows its peculiar character : — 


Peroxide of iron 95*16 

Protoxide of manganese - 0*24 

Lime - -- - - -- -- 0*07 

Phosphoric acid - trace 

Sulphuric acid ------- trace 

Bisulphide of iron trace 

Insoluble residue 5*68 

101*15 

Iron, total amount ------- 06 60 

The fbllowing analysis of the Ulverstone ore is by the same chemist: — 

GiUbrow Ore. 

Peroxide of iron 86*50 

Protoxidd 'of manganese - 0*21 

Lime - -- -- -- -- 2*77 

Magnesia - -- -- -- - 1*46 

Carbonic acid ------- 2*96 

Phosphoric acid - trace 

Sulphuric acid - - - - • - - 0*11 

Insoluble residue - 6‘55 

100*56 


Iron, total amount - 


60*55 


Another ore, that of Lindale Moor, near Ulverstone, was analysed by Mr. J. 


Spiller. 

Peroxide of iron ------- 94*23 

Protoxide of manganese 0*23 

Alumina - -- -- -- - 0*51 

Lime - -- -- -- -- 0*05 

Magnesia - - - - - - - trace 

Phosphoric acid minute trace 

Sulphuric acid - - - - - - - 0 09 

Bisulphide of iron ------- 0*03 

Water, hygroscopic ------ 0*39 

,, combined 0*17 

Insoluble residue ------- 6*18 


Iron, total amount 


100*88 

65*98 


In 1857, Whitehaven district produced of hematite, 323,812 tons; and in 1865, 
897,059 tons; and the Lancashire or Ulverstone district, 592,390 tons in-1857, and 
607,439 tons in 1865. 

Some of the Ulverstone ore is smelted with charcoal at some fhmaces In the 
district, and 249,844 tons at the Barrow Hematite works. 

The Cleator Moor, Workington, and West Cumberland furnaces, in 1665, used 
214,433 tons of the Whitehaven iron-ore. 

All the remainder was sent into the other great iron-making districts for mixing 
with the argillaceous carbonates, and other ores of iron. See Ibon. 

HEM AT OSIN. The red colouring matter of blood, which is sold in a dry state 
for making Prussian blue. t* 

HEMLOCK SPRUCE. The Abies Canadensis , the wood of which has been used 
for railway sleepers, and is employed for laths. 

HEMP. (Chanvre,YT.\ Han/, Germ.) A plan X{CamuUn»saHva\ a native of India, 
but has been long introduced into Europe, and cultivated* extensively in Italy, and 
in Russia and Pound; a small quantity has been cultivated in "Suffolk, in Lincoln- 
shire, and in Ireland. 

Hemp is assorted into dean hemp , out-skat hemp , half dean hemp , and hemp eoddla. 
According to M'Culloeh, a bundle of clean hemp from Russia weighs 55 to 65 poods ; 
of out-shot, from 48 to 55 poods ; of half clean, 40 to 45 poods— the pood being equal 
to 36 lb& avoirdupois. 

Manilla hemp is the produce of the wild banana, Musa textilis, “It is known, 91 
•ays Mr. Cranford, in Us history of the Eastern Archipelago, 41 to our tndef and 
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navigators under the name of Manilla rope, and is equally applicable to cables and 
to standing or running rigging.” 

Sunn and Jute are £wo varieties of hemp. Hemp is used in the manufacture of 
huckaback for towels and common tablecloths, and of the low priced cloth worn by 
agricultural labourers The largest consumption of this material is in the monu- 
facture of sail doth and cordage. 


Hemp imported in 1863. 




Droned. 

Undressed. 

Codllla of 
Hemp. 

Jute. 

• 


Wtl. 

cirts. 

cwts.; 

cirts. 

Russia ----- 

- 

28,175 


3,367 

- - 

France ----- 

- 

- - 

6,832 

- - 

1,041,864 

Italy: Sardinian States- 

- 

- - 

5,321 

- - 

- 

Austrian Territories - - - 

- 

7,758 

111,497 

11,776 

- 

Philippine Islands? - 

- 

- - 

311,621 

i 

- - 

China - 

- 

- - 

8,849 

- - 

. 

India. Singapore, Ceylon 

United States — North Atlantic ports 

- 

• - 


- - 


- 

- - 1 

6,302 

- - 

- 

Other parts- - 

- 

5,432 

8,335 

4,674 

14,184 

Total 


41,365 

970,675 

19,817 

2,264,897 


Hemp imported in 1864. 





Dressed. 

Undressed 

CndilU or 
Ilemp. 

Jute. 




cwts. 

cwts. 

cwts. 

cwts. 

Russia ... 

- 


26,555 

512,430 

1,108 

- 

Austrian Territories - 

- 


19,129 

130,949 

8,293 

. 

Philippine Islands 

- 


22,743 

161,200 

- . 

- 

China- * 

United States: — 

- 


- 

4,565 

■ 

- 

North Atlantic ports 

- 



6,902 

18,628 

15,030 

South Atlantic ports 

- 



- 

898 

. 

Brasil- - 

British India: — 

■ 



4,934 

- - 

. 

Bombay, Sinde 

- 



51,342 


16,072 

Madras - 

- 



5,890 


366 

Bengal and Pegu 

- 



16,973 


1,991,798 

Singapore, East Straits Settlements 



509 


- 

France - - - 

- 



- 


1,265,317 

Ceylon - 

- 



321 


- - 

Other parts 

- 


2,250 

% 9,565 

6,004 

1,251 

Total - 

- 

- 

70,677 

905,080 

34,931 

3,250,854 


HEMP SEED. (GAdnecit, Fr. j Hanfsaat \ Germ.) The seed of the hemp ; it is 
used for crushing *for its oil, or as food for birds. 

We imported, in 1863, 12,606 quarters of hemp seed, the computed real value of 
which was 26,417/. ; and in 1864, 12,809 quarters, value 26,828/1 

HENBANE. The Hpoacpamus niper . Henbane is a plant used in medicine, from 
which modem chemistry has extracted a new crystalline vegetable principle called 
hpoeepamine, which is very poisonous, and when applied in solution to the eye, deter- 
mines a remarkable dilatation of the pupil ; as belladonna also does. 

HENNA. The herb used for dyeing the nails in the East See Alkenna. 

HEP AH, which signifies liver in Latin, was a name given by the older chemists 
to some of the compounds of sulphur. 

HEPATIC AIR. Sulphuretted hydrogen gas. 

HERMETIC A L 8EAL is an expression derived from Hermes, who was said to 
be Me parent of Egyptian ehemistiy. It is used to designate the perfect closure of a 
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hollow Teasel, by the cementing or melting of the lips of its orifice ; as in the case of a 
glass thermometer, or matrass. 

HERNANDIA OVIGERA. Heraant seeds, some of which are imported from 
India for tanning. 19 

HERRINGS. The herring fiunily belongs to the order Mahcoplaygii , charac- 
terised by haring a scaly body like the salmon, and no adipose dorsal fin. The 
herrings, Cbtpea ffarengus , are a well-known fish inhabiting the deep water all 
round the British Isles. They approach the shores in the months of August and 
September for the purpose of depositing their spawn, which takes place in October 
or November. At this period they are caught in immense numbers, upwards of 
20,000,000 fish hare, it is said, been taken off Lowestoft alone. By thus destroying 
the gravid fish, we wantonly destroy one of our most important fisheries. The 
quantity of herrings which appear on our coast* are becoming less and less each 
year j and unless some system is adopted, this, fish will, in a comparatively short time, 
become extinct, and a most important industry be destroyed. * 

HESPERIDEA2 or AURANT1ACEAS. A family of dicotyledonous plants. 
They are trees or shrubs. The leaves are dark preen, glabrous, of a coriaceous 
texture, and dotted with numerons transparent points, caused by the presence of 
receptacles filled wijjh a volatile oil which communicates the odour peculiar to the 
fiunily. The species are numerous, the greater number originally natives of the 
tropical regions of Asia, though now cultivation has spread them over the larger 
portion of the globe. The flowera are usually octoriferous ; the fruit has a more or 
less acid pulp ; and the wood is generally compact and valuable. The genus Citrus 
contains the best known species of the family. Under Citrus, most of the fruits 
are referred to. The fruits, however, of several other genera belonging to the family 
are greatly esteemed in the countries which produce them. The Wampa , highly 
relished in China and the Indian Archipelago, is the fruit of Cookea punctata , and 
considered excellent. The Otyle mamelas is used in medicine, and a perfume is 
prepared from the rind of the fruit, which is itself delicious, and acts as a laxative. 

HESSONITE, or Essanite. The name given by Haiiy to cinnamon stone. 

HICKORY. The Juglana alba ; white walnut, a native of America. There are 
several species, all natives of North America, and growing into stately trees. The 
wood of the hickory, and some others of the Juylanaacea , is tough and strong, there- 
fore it is used for making shafts and springB for carriages, such screws as are em- 
ployed in bookbinders’ presses, for cogged wheels, and many other purposes where 
toughness is a desideratum. The hickory nuts are much esteemed, and form an 
article of trade. The heart of the wood is often red, and the bark has been recom- 
mended by Dr. Bancroft as a yellow dye. 

HIDE. (Peflu, Fr. ; Haut, Germ.) The strong skin of an ox, horse, or other large 
animal. The lists of imports below will show to what an extent a trade in the skins of 
animals is carried on with this country. We receive hides largely from Russia and 
the north of Europe. From America there are also large quantities brought to this 
country. 

The following table shows the number of hides which were imported in 18G3 and 
1864:— 


Hldei Imported. 

1BG3 

■S 

1864 

■ cwts. 

Computed 
real value. 

cwts. 

Computed 
real value. 

Not tanned, or in any way dressed 1 
—dry J 

Not tanned &c.— wet - 

Tanned, not otherwise dressed - 
Tawed, or in any way being dres- 1 
aed, not being varnished J 

Varnished, japanned, &c. - 

Pieces, raw, undressed- 
Mnseovy or Russia, coloured &c. - 
In any way dressed, not other wise 1 
| enumerated J 

355,306 

667,518 

Ibi. 

2,804,118 

1,611,841 

701,595 

84,556 

« 

1,235,642 

1,548,980 

110,353 

128,847 

192,740 

595 

10,913 

1,869 

672,431 

82,07 

lb*. 

3,701,264 

1,985,685 

605,073 

153,782 

• m 

£ 

1,023,072 

1,644,413 

141,446 

159,050 

165,635 

18J 

19,857 

894 
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HIPPOCASTANUM The common horse-chestnut 

HIPPOPOTAMUS TEETH. See Ivoby. 

HOG'S LARD, or Axungi ; the latter name derived from the use to which it was 
put by the ancients, t e. to grease the axle of a wheel It is obtained from all the 
hog tribe (Sv* scrofa). Hog’s lard is largely need in the manufacture of ointments, 
pomatum, &e. Its proximate analysia gives, according to Braconnot : Stearine and 
margarine, 38 1 elaine, 68. The stearine is separated and used in the manufacture 
of candles, and the elaine sold under the name of Lard Oil. 

HOLLAND. A linen fabric, which is sold when unbleached as brown Holland, and 
which is used when bleached for finer purposes. See Line*. 

HOLLANDS. A grain spirit manufactured in Holland. 

HOLLY. (£e Hotuc, Fr. ; Steehpahne, Germ.) The Ilex aquifdlium of Linnmus, 
a British plant Its leaves yield a yellow colouring matter similar to that obtained 
from buckwheat The wood is as white as ivory, very hard and fine grained, and 
susceptible of aTiigh polish ; it is employed for many purposes. 

HOMOGENOUS. A uniformity of structure as applied to metals. Steel is said 
to be homogenous when the particles constituting the mass ore of the same sixe and 
structure throughout. 

HOMOLOGOUS. A term used in organic chemistry to Jcnote that substances 
differ by the constant increment (PH*. Thus, in the great scries of acids commencing 
with the formic and extending up to the fatty acids, each homoloyue contains C 2 H* more 
than the one before, and (?H* less than the one following, thus : — 

Formic acid - - CMFO 4 I Propionic acid - C*HK) 4 

Acetic acid - - C^O* | Butyric acid - - CHK) 4 Ac.— C. G. W. 

HONDURAS MAHOGANY. — Sec Mahogany. 

HONES AND HONE SLATES. These are s!aty stones which are used in 
straight pieces for sharpening tools after they have been ground on revolving grind- 
stones. The more important varieties arc the following : — 

The Norway Ragstone which is the coarsest variety of the hone slates, is imported 
in large quantities from Norway. In Charnwood Forest, near Mount Sorrel, in 
1 Leicestershire, particularly from the Whittle Hill quarry, arc obtained the Charnley 
Forest Stone , said to be one of the best substitutes for the Turkey oilstone, and it 
is much in request by joiners and others. Ayr stone , Snake stone , and Scotch stone , are 
used especially for polishing copper plates. The Welsh oilstone is almost in equal 
repute with the Charnley Forest stone ; it is obtained from the vicinity of Llyn Idwall, 
near Snowdon, and hence it is sometimes called Idwall stone . From Snowdon U also 
obtuined the cutler's green stone. The Devonshire oilstones , obtained near Tavistock, 
which were introduced by Mr. John Taylor, are of excellent quality, but the supply 
of them being irregular they have fallen into disnse. 

The German razor hone has been long celebrated. It is obtained from the slate 
mountains in the neighbourhood of Batistan, where it occurs in the form of a yellow 
vein ruuning through the blue slate, varying in thickness from 1 to 18 inches. When 
quarried it is sawn into thin Blabs, and these are generally cemented to slices of slute 
which Berve as a support Sometimes, however, the yellow uud the blue slate are cut 
out naturally combined. There are several other hone stones, which, however, require 
no particulgr notice. 

The Turkey oilstone is said to surpass in its way every other known substance, and 
it possesses in an eminent degree the property of abrading the hardest steel ; it is, at 
the same time, of so compact and close a nature as tq resist the pressure necessary 
for sharpening a graver, or any instrument of that description. There are white and 
black varieties of the Turkey oilstone, the black being the haidest, and it is imported 
in somewhat larger pieces than the white ; they are found in the interior of Asia 
Minor and are brought down to Smyrna for sale. 

HONEY (fife/, Fr. ; Honiy , Germ.) is a sweet viscid liquor, secreted in the nectaries 
of flowers, collected? by the working bees, and deposited by them in the waxen cells 
of their combs. Virgin honey is that which is collected from a hive, the bees of which 
have never swarmed, the common honey is obtained from the older hives. The former, 
which is considered the best, ib whitish or pale yellow, of a granular texture, a fragrant 
smell, and a sweet slightly pungent taste s the latter is darker coloured, thicker, and 
not so agreeable either in taste or smell. Honey would seem to be simply collected 
by the bees, for it consists of merely the vegetable products* such as the. sugars of 
gnipe, g um, and manna, along with mucilage, extractive matter, a little wax, 
and acid. .... . . 

Nor bonne honey, the flavour of which is so much admired, owes its peculiarity to 
the flowers on which the bees feed. 

Vol. II. Q Q 
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Trebisond honey has been long celebrated for its intoxicating qualities. The de- 
scription given in Xenophon’s Retreat qf the Ten Thousand is well known. Many 
examples of poisonous honey are on record. 

Honey is collected and sold to a considerable extent in Britain, particularly in the 
north-western counties of Wales. At Wrexham in Denbighshire there is an anneal 
fair, called the “Honey Fair.” Many ale breweries employ a portion of honey to add 
strength and flavour to their brewings. 

HONEY COMB. The waxen cells of the bee. See Wax. 

HONEY-STONE (Jfeffto, Fr. ; Homgstem, Germ.) is a mineral of a yellowish 
or reddish colour, and a resinous aspect, crystallising in octahedrons with a square 
base ; specific gravity 1*58. It ishaztler than gypsum, but not so hard as calc-spar ; it 
is deeply scratched by a steel point; very brittle; aflbrds water by calcination ; blackens, 
then burns at the flame of the blowpipe, and leaves a white residuum which becomes 
blue when it is calcined, after having been moistened with a drop of nitrate of cobalt 
It is a mellate of alumina, aud consists of : % 



Klaproth. 

Wiibler. 

Mellitic acid ------- 

46 

44*4 

Alumina - 

16 

14*5 

Water -------- 

81 

41*1 


100 

100-0 


The honey-stone, like amber, belongs to the geological formation of lignite. It has 
been hitherto fonnd only at Artern in Thuringia ; at Luschits, near Bilin in Bohemia ; 
and near Walchow in Moravia. 

HOP ( HouMm, Fr. ; Hopfen , Germ.) is the name of a well-known plant of the 
natural family of Urticc®, and of the Diaecia pentandria of Linnams. The female flowers, 
placed upon different plants from the male, grow in ovoid cones formed of oval leafy 
scales, concave, imbricated, containing each at the base an ovary furnished with two 
tubular open styles, and sharp pointed stigmata. The fruit of the hop is a small 
rounded seed, slightly compressed, brownish coloured, enveloped in a scaly calyx, thin, 
but solid, which contains, spread at its base, a granular yellow substance, appearing to 
the eye like a fine dust, but in the microscope they Beem to be round, yellow, transparent, 
grains ; deeper coloured, the older the fruit. This secretion which constitutes the use- 
ful portion of the hop, has been examined in succession by Ives, Planche, Payen, and 
Chevallier. A pretty full account of the results of their researches in treating of 
the hop is given in the article Beer. 


Number of Acres under the Cultivation qf Hops in England, 


m 

38,218 

1813 

39,521 

1819 

51,014 

1895 

46,718 

1831 

47.199 

1837 

56.333 

I TCI 

38,486 

1814 

40,571 , 

1890 

50,148 

1826 

50,471 

1839 

47,101 

1838 

55.045 

E£1 

nm 

1815 

49,15') 

1821 

45,669 

1897 

49,485 

48365 

1833 

49,187 

1839 

59305 

1810 

88,965 

1816 

44,219 

46,493 

4B,593 

1899 

43,766 

1828 

1884 

51.973 

*840 

44,805 

1811 

1819 

88.401 

88,700 

1817 

1818 

1N23 

1894 

41,458 

43,449 

1899 

1830 

46,134 

46,796 

1835 

1836 

53,816 

55,439 

1841 

45,769 


Hop Dudes of particular Districts, 


Rochester - - - 

('anterbur/ - - - 

Siiupx - - • 

Worcester - - - 

Paruham - 

Knn - - - - 

l North Clara ... 

I Sundries .... 

1841. 

1849. 

1844. 

c. 

1845. 

£ s. d. 
51,490 8 8 
33,960 14 10 

88.086 13 10 

19,076 18 8 

7,709 10 3 

977 8 0 
1,159 7 10 
705 8 7 

£ «. d. 

58.819 4 7 
81,019 13 5 

48,561 10 0 

19325 3 11 

11,678 18 4 
9,050 19 11 

1,734 9 7 

908 14 3 

£ «. d. 

69,407 8 9 

31,156 15 8 

97,808 9 1 
77,409 6 4 
' 10380 «0 4 
804 6 9 

770 7 0 

889 16 • 

£ 9. d. 

51,056 5 0 
86.591 6 8 
54304 ft 11 
9,091 1 9 
5,495 5 11 

| 139*17 4 

146,169 1 7 | 

169,776 6 0 

140399 17 S 

168308 19 9 

































itary Return relative to the Hop produce for four yean. t 
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Pounds weight of haps which paid duty, which were exported on drawbacks or free qf 
duty, and retained for home consumption. 


Years. 

Charged with Duty. 

Exported on Draw- 
back or free of Duty. 

Retained for Home 
Consumption. 


lba. 

lba. 

lbs. 

1842 

35.432,142 

662,832 

34,769,310 

1343 - 

27,862,725 

292,709 

27,570,016 

1844 - 

29,285,004 

153,849 

29,131,245 

1845 - 

38,974,749 

151,211 

32,823,538 

1846 - 

50,704,025 

448,497 

50,255,528 

1847 - 

45,134,365 

457,061 

44,677,304 

1848 - 

44,343,985 

357,029 

43,986,956 

1849 • - - • 

16,650,915 

274,811 • 

16,376,104 

1850 

48,537,669 

270,511 

48,267,158 

1851 m m m m 

27,042,996 

904,090 

26,138,906 

1852 ■ • • - 

51,102,494 

955,855 

50,146,639 

1853 .... 

31 , 751,693 

802,103 

30 , 949,590 

1854 . - • - 

9 , 877,126 

585,168 

9 , 291,958 

1855 .... 

83 , 221,004 

852,856 

82 , 368,448 

1856 .... 

55 , 868,624 

1 , 565,249 

54 , 303,375 

1857 - - . . 

47 , 717,561 

1 , 450,104 

46067,457 

1858 .... 

53 , 125,100 

4 , 177,250 

48 , 947,850 


The preceding tables are regained, as showing the history of our hop cultivation in 
away which cannot be continued. The duty on hops was repealed from September 
16, 1862, so that since that period we have no means of obtaining, except through 
indirect channels, any accurate statements as to production. 

The following is the last official return published. 


Great Britain. 
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England and Wales. 



HORDEINE ii the name given by Proust to the peculiar starchy matter of barley. 
It seems to be a mixture of the starch, lignine, and husks, which constitute barley 
meal. See Brag, 

HORDEUM VULG ARE. Baulky, which see. 

HORN (Eug. and Germ. ; Bois , Come , Fr.), particularly of oxen cows, goats, and 
sheep, is a substance soft, tough, semi-transparent, and susceptible of being cut and 
pressed into a variety of forms ; it is this property that distinguishes it from bone. 
Turtle or tortoise sbgll seems to be of a nature similar to horn, but instead of being 
of a uniform colour, it is variegated with Bpots. See Tortoise Shell. 

Mr. Aikin (Trans. Soc. of Arts) remarks, “ In the English language we have only 
one word to express two quite different substances ; namely, the branched bony horns 
of the stag genus, and the simple laminated horns of the ox genus, and other kindred 
genera. The bony horns are called in the French bois, from their likeness to the 
branch of a tree ; they are annually renewed. The other horn, to which the French 
appropriate the term come, is found on the ox, the antelope, the goat, and sheep kinds.*' 

The valuable properties of horn render it susceptible of being employed in a variety 
of works fit for the turner, snuff-box, and comb maker. The means of softening 
the horn need not be described, as it is well known to be by heat ; bat those of cutting, 
polishing, and soldering it, so aB to muke plates of large dimensions, suitable to 
form a variety of articles, may be detailed. The kind of horn to be preferred is 
that of goats and sheep, 'from its being whiter and more transparent than the horn 
of any other animals. When horn is wanted in sheets or plates, it must be steeped 
in water, in order to separate the pith from the kernel, for about fifteen days in 
summer, and a month in winter ; and after it is soaked, it must be taken out by one 
end, well shaken and rubbed in order to get off the pith ; after which it must be put 
for half an hour into boiling water, then taken out, and the surface sawed even 
lengthways; it must again be put into the boiling water to soften it, so as to render it 
capable of separating ; then, with the help of a small iron chisel, it can be divided into 
sheets or leaves. The thick pieces will form three leaves, those which are thin will 
form only two* whilst young horn, which is only one quarter of an inch thick, will 
form only one. These plates or leaves must again be put into boiling water, and 
when (hey are sufficiently soft, they must be scraped with a sharp cutting instrument, 
to render those parts that are thick even and uniform ; they must be put once more 
into the boiling water, and finally carried to the press. 

At the bottom of the press employed, there must be a strong block, in which is 
formed a cirity, of nine inches square, and of a proportionate depth ; the sheets of horn 
are to be laid within (his cavity, in the following manner: at the bottom, first a sheet of 
hot iron, upon this a sheet of horn, next again a sheet of hot iron, and so on, taking 
care to place at the top a plate of iron even with the Jast The press must then be 
screwed down tight. 

There is a more expeditious process, at le&Bt in part, for reducing the horn into 
sheets, when it is wanted very even. After having sawed it with a very fine and 
sharp saw, the pieces must be put into a copper made on purpose, and there boiled 
until sufficiently sofL so as to be able to be split with pincers ; the sheets of horn must 
then be put in the press where they are to be placed in a strong vice, the chaps of 
which are of iron and larger than the sheets of horn, and the vice mnst be screwed as 
quick and tight as possible ; let them cool in the press or vice, or it is as well to 
plunge the Whole into col^ water. The last mode is preferable* because the horii 
does not shrink in cqpling. Now draw out the leaves of horn, and introduce other 
horn to undergo the same process. The horn so enlarged, in pressing, is to be 
submitted to the abtion of the saw, which ought to be set in an iron frame, if the horn 
is wanted to be cut with advantage, in sheets of any desired thickness, which cannot 
be done without adopting this mode. The thin sheets thus produced must be kept 
constantly very Wurm between plates of hot iron to preserve their softness ; every 
leaf being loaded With a weight heavy enough to prevent its. warping. To join the 
edges j)f these pieces of horn together,' it is necessary to provide strong iron moulds 
suitedlto the chape of the article wanted, and to place the pieces in contact with 
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copper-plates or with polished metal surfaces against them ; when this is done, the 
whole is to be pot into a vice and screwed up tight, then plunged into boiling water, 
and after some time it is to be removed from thence and immefbed in cold water. The 
edges of the horn will be thus made to cement together and become perfectly united. 

To complete the polish of the horn, the surface must be rubbed with the subnitrate 
of bismuth by the palm of the hand. The process is short, and has this advantage, that 
it makes the horn dry promptly. 

When it is wished to spot the horn in imitation of tortoise shell, metallic solutions 
must be employed as follows : — To spot it red, a solution of gold in aqua regia must 
be employed : to spot it black, a solution of silver in nitric acid must be used ; and 
for brown, a hot solution of mercury in nitric acid. The right side of the horn must 
be impregnated with these solutions, and they will assume the colours intended. The 
brown spots can be produced on the horn by means of a paste made of red lead, with 
a solution of potash, which most be put in patches on the horn, aftd subjected some 
time to the action of heat The deepness of the brown shades depends upon the 
quantity of potash used in the paste, and the length of time the mixture lies on the 
horn. A decoction of Brasil wood, or a solution of indigo, in sulphuric acid,* or a de- 
coction of saffron aqd Barbary wood may also be used. After having employed these 
materials, the horn may be left for half a day in a strong solutionftjf vinegar and alum. 

In France, Holland, and Austria, the comb-maker and horn-turners use the clip- 
pings of horn— which are of a whitish yellow— and tortoise-shell skins, out of which 
they make snuff-boxes, powder-horns, and many curious and handsome things. They 
first soften the horn and shell in boiling water, so as to be able to submit them to the 
press in iron moulds, and by means of heat they form them into one mass. The degree 
of heat necessary to join the horn clippings must be stronger than that for shell skins, 
and it can only be found out by experience. ITie heat must not, however, he too 
great, for fear of scorching the horn or shell. Considerable care is required in 
these operations, not to touch the horn with the fingers, or with any greasy body, 
because the grease will prevent the perfect joining. Wooden instruments should 
be used to move them, while they are at the fire, and for carrying them to the moulds. 

In making a ring of horn for bell-pulls, &c., the required piece is to be first cutout 
m the flat of its proper dimensions, and nearly in the shape or a horse-shoe ; it is then 
pressed in a pair of dies to give its surface the desired pattern ; but previous to the pres- 
sure, both the piece of horn and the dies are to be heated ; the piece of horn is to be 
introduced between the dies, squeesed in a vice, and when cold, the impression or 
pattern will be fixed upon the horn. One particular condition, however, is to be ob- 
served in the construction of the dies, for forming a ring. They are to be so made 
that the open ends of the horse-shoe piece of horn, after being pressed, shall have at 
one end a nib, and at the other a recess of a dovetailed form, corresponding to each 
other; and the second operation in forming this ring of horn is to heat it, and place it 
in another pair of dies, which shall bring its open ends together, and cause the dove- 
tailed joints to be locked fast into each other, which completes the ring, and leaves no 
appearance of the junction. 

In forming the handles of table knives and forks, or other things which require to be 
mode of two pieces, each of the two pieces or sides of the handle is formed in a sepa- 
rate pair of dies ; the one piece is made with a counter-sunk groove alonp each side, 
and the other piece with corresponding leaves or projecting edges. When these two 
pieces are formed, by first being cat ont of the fiat horn, then pressed in the dies 
in a heated state, for the purpose of giving the pattern, the two pieces are again 
heated and put together, therieaves or edges of the one piece dropping into the 
counter sunk grooves of the other piece, and being introduced between another pair of 
heated dies, the joints are pressed together and the two pieces formed into one handle. 

In making the knobs for drawers which have metal stems or pins to fasten them into 
the fornitnre, the face of the knob is to be first made in a die, as above described, and 
then the back part of the knob with a hole in it ; a metal disc plate of iron is next pro- 
vided, in which the metal stem or screw pin is fixed, and the stem being passed through 
the aperture in the back piece, and the two, that is, the hack and front pieces of horn 
pat together, they are then heated and pressed in dies as above described ; the edge of 
the back piece foiling into the counter-sunk groove of the front piece, while by the 
heat they are perfectly cemented together. • 

Mr. J. James has contrived a method of opening np the horns of eattle, by which he 
avoids the risk of scorching or frissling, which is apt to happen in heating them over an 
open fire. # He takes a solid block of iron pierced with a conical hole, which is fitted 
With a conical iron plug, heats them in a stove to the temperature of melting lead, and 
having previously cut np the horn lengthwise on one side with a saw, he inserts its 
narrow end into the hole, and drives we ping into it with a mallet By the heat of 
the irons, the horn gets so softened in the course of about a minute, as to bear flitting 
ont in the usual way. * 
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Importation of Homo, 


a 

Hum lii! ported. 

_ 

1863 

1864 

Toni. 

Value. 

Toni. 

Value. 

Buffaloes : — 




£ 


£ 

From India, Singapore, and Ceylon 

• 

- 

1,371 

32,473 

106 

2,976 

Madras - 

. 

• 

- 

- 

452 

12,2.35 

Bengal and Pegu ... 

- 

. 

- 

- 

226 

6,116 

Other parts - 

- 

- 

90 

2,118 

68 

1 ,399 




1,461 

34,591 

1.081 

29,115 

Deer 

. 

. 

239 

9,914 

180 

7.666 

Other sorts s — 







From Hamburg ... 



188 

3,766 

226 

4,530 

United States — North Atluntic ports 



505 

8,5.33 

409 

6,549 

Brasil 



226 

4.265 

138 

2,487 

Uruguay - • - 



579 

l(f,915 

342 

6,155 

Argentine Confederation - 



453 

8,533 

163 

2,987 

British Possessions in South Africa 



85 

2,620 

56 

1,332 

India, Singapore, and Ceylon 



232 

2,584 

21 

208 

Madras 



- 

- 

8 

88 

Bengal and Pegu - 



- 

- 

161 

1,609 

Australia - 



281 

5,586 

238 

4,526 

Other parts - 



187 

3,417 

2-31 





2,736" 

50,219 

1,993 

34,601 | 


HORNBEAM. The Carpinus betulus, sometimes called the yoke-elm. It is 
n stringy and tough wood, which grows in some parts of Europe, and which is impelled 
from America. It is used by millwrights for the cogs of wheels, also for skittles, and 
for mallets. 

HORNBLENDE. ( Amphibole , hr.; Hornblende, Germ.) The term hornblende , 
restricted originally to certain dark-coloured lamellar minerals occuring chiefly in 
syenite and greenstone, was afterwards considerably extended in its application, and 
at present includes a large number of minerals allied to the original hornblendes in 
crystalline form, and, to a certain extent, in chemical composition ; but never- 
theless differing widely from the typical hornblendes, not only in colour, density, and 
other physical characters, but also in their mode of occurrence. The necessity for 
grouping these minerals together was first recognised by the French crystallographer 
Hauy, who proposed to name the entire species amphibole , and to retain Werner's 
term hornblende only for the common varieties ; a nomenclature still adhered to in 
France. 

The typical hornblendes crystallise in forms belonging to (lie oblique system, and 
present a perfect prismatic cleavage; whilst other varieties occur in a colummur, 
fibrous, lamellar, or granular condition. The hardness is tolerably constant, being 
slightly below that of felspar; but the specific gravity varies with the chemical 
composition. All the hornblendes are anhydrous silicates of various protoxide bases, 
usually lime, magnesia, and protoxide of iron ; these bases being capable of replacing 
one another in chemical combination, without offeeting the crystalline form of the 
compound. Many of the ferruginous varieties contain alumina, thd amount of whieh 
may rise to upwards of 15 per cent. : the condition in which this compound exists in 
hornblende is by no means well ascertained, but it is Usually supposed to replace the 
silica, the compounds being thus regarded as silico-aluminates. tn many varieties; 
fluorine occurs to the extent of 2 or 3 per cent., and exists probably as a silico- 
fluoride of calcium and magnesium. It is interesting to note that certain hornblendes 
also contain titanic acid. 

On the chemical composition of the hornblende depends to a great extent the’ 
general character of the mineral ; thus, those varieties which contain only lime and 
magnesia have always a white or very pale colour and a low specific gravity, some- 
times not higher than 2*9 ; While before the blowpipe they fose to a nearly colourless 
glass. On the other hand, the ferruginous hornblendes have a dark-green or black 
colour, a much higher density, often reaching 3*4 ; and ate fusible with greater 
facility, producing a glass more or less deeply coloured. The iron hornblendes 
again, are partially decomposed by hydrochloric aeid, which has scarcely any effect 
on the other varieties. When exceedingly rich in iron, the mineral affects thb 
magnetic needle. 
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These differences of composition, and the corresponding diversity of physical 
characters, have given rise to numerous varieties, of which the following are the most 
important : — « 

Tremolite, so named from the Swiss valley of Tremola, is a silicate of magnesia 
and lime, containing silica, 68*87; magnesia, 88*19; lime, 11*00; alumina, 1*77 — 
99*83 C Rammelsberg ). It occurs usually in slender-columnar or fiat-bladed crystals 
of a white, grey, or pale green colour ; and of spec. grav. 2*93. The crystals are 
commonly embedded in Dolomite or granular limestone, as at St Gotthard in 
Switserland, and Glen Tilt in Scotland. Other localities are the Tyrol, the Bannat, 
Wermland in Sweden, New England, Maine, Massachusetts, and other of the 
United States. Tremolite forms the amphibole blanche of French mineralogists. 
Grammatite and Catamite are Swedish varieties, whilst Raphilite is a Canadian 
tremolite, presenting an asbestiform structure. Many of the fibrous hornblendes 
separate on decomposition into fibres more or less delicate, and thus farm varieties of 
Asbestos, which see. 

The occasional presence of protoxide of iron in certain tremolites furnishes a 
passage to the variety of hornblende called actinolite, the actmote or amphibole verte of 
the French, the Strahlatein or ray-stone of the Germans. It occurs in slender 
columnar crystals, often disposed in radiated groups, and presenting a high lustre, 
and leek-green or black-grccn colour. Its spec. grav. is about 3. A typical actino- 
lite from the Zillerthal yielded to Rammelsberg’s analysis— silica, 55*50; magnesia, 
22*56; lime, 13*46; protoxide of iron, 6*25=97*77. Actinolite is found chiefly in 
tolcrcc schist, serpentine, and other magnesian rocks*, in Cornwall it occurs at 
the Lizard, and at Botallack and other Western mines. Among foreign localities 
may be mentioned — G reiner in the Zillerthal, St Gotthard, Salzburg, Sweden, 
Nomay, &c. 

Anthophyllite is a grey or clove-brown fibrous or lamellar hornblende, occurring in 
Norway, Greenland, and the United States. Its composition is silica, 56*74 ; mag- 
nesia, 24*35 ; protoxide of iron, 14*40; protoxide of manganese, 2 38 ; water, 1*67 = 
99*54 ( Vopeliue). 

Hornblende proper , the amphibole noire of the French, includes the dark-coloured 
iron varieties to which the name was originally applied. Common hornblende occurs 
in dark-green or black crystals, usually imperfectly formed, and readily distinguished 
by the silky lustre of its cleavage planes. It forms an essential constituent of 
syenite, greenstone, and hornblende rock ; and occurs as an accessory mineral in 
inany trachytes. The basaltic hornblende of Werner includes the black crystallised 
specimens, usually associated with lavas and other volcanic rocks. Noble hornblende, 
or ftaryasUe, is a dark-green, somewhat translucent, mineral, occurring in thick stout 
crystals ; or in granular masses, embedded in calcareous spar, at Ersby, near Pnrgas, 
In Finland. The following is Rammelsberg's analysis of a Pargas hornblende .* 
silica, 41*26; magnesia, 13*49; lime, 11*95; protoxide of iron, 9*92; peroxide of 
iron, 4*83; alumina, 11*92; potash, 2*70; soda, 1*44; water, 0*52-99*73. 

In the hornblende called arfredsonite , soda occurs in considerable quantity, as shown 
by the following analysis*, silica, 51*22; soda, 10*58; protoxide of iron, 7*80; 
peroxide of iron, 23*75; lime, 2*08 ; magnesia, 0*90; potash, 0*68=98*13 ( Uammels- 
berg). Arfredsonite is an exceedingly fusible black mineral found in Greenland ; 
and often separated as a distinct species. 

The mineral called uralite> discovered by G. Rose in the greenstones of the Ural 
range, is commonly regarded as a pseudomorph, since it presents the external form of 
augite with the cleavage and chemical composition of hornblende ; thus establishing 
a relation between the two minerals. This relation is indeed so intimate that it has 
been proposed to unite them in one species. Hornblende differs, however, from 
augite in the angle of the prism obtained by cleavage being much more obtuse ; bat 
it haB been shown that the two forms are easily derivable the one from the other. 
Hornblende, again, is more fusible than augite ; it has a somewhat lower range in 
specific gravity ; it often contains fluorine, an element which has never been found 
in angite. Hornblende , moreover, occurs in granitic and other highly silicated 
tocks} whilst angite is confined to the more basic rocks, such as basalt : occasion* 
ally, however, the two minerals occur together. Experiments on the artificial 
formation of these minerals have rendered it probable that the softie chemical com- 
pound mar form augite when rapidly cooled from a state of fusion, and hornblende 
when slowly cooled: Indeed, hornblende has been converted into auirite by fusion 
ftnd rapid solidification. J 

The horablendie minerals, although highly important in a geological point of 
Wear, have* little or no economic value- Certain Swedish hornblendes have been 
employed in smelting magnetic ores; and the fibrous varieties known as asbeatus 
have received various applications folly noticed nndcr Asbestos, which see. 
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HORNBLENDE ROCK. (Amphibolite, Fr.; Homblendfel, , Germ). A rock 
consisting chiefly of crystalline-granular, dark- green or black hornblende, associated 
commonly, but by noa means necessarily, with felspar, quarts, and mica in small 
quantity. The rock often assumes a schistose structure, and thus passes into 
Hornblende date ( Schiele ampkiboUthique , Fr. ; Hornblendschitfer , Germ.). This slate 
usually occurs in connection with mica-schist, gneiss, and other metamorphio rocks. 
'When the hornblende belongs to the bright-green variety called actinolite, the rock 
becomes an actinolite schist, or Strahlsteinschiefer of the Germans. Hornblende also 
occurs, although to a less extent, in other rocks ; such as syenite — a granite in which 
hornblende replaces mica — mdgreenstone and diorite —rocks consisting of hornblende 
and felspar. The timazite of Hungary and Transylvania is a trachytie greenstone 
containing the peculiar hornblende called gamisgradite . 

On exposure to atmospheric influences, hornblendic rocks easily decompose ; the 
protoxide of irod passing into the condition of peroxide. Soils resting on such rocks 
are frequently remarkable for their fertility. 

HORN LEAD. Cerasine. Native chlororarbonate of Lead. See Lead. 

HORN SILVER, or Lttna Cornea. Fused chloride of silver. Both these names 
were given by the alchemists to this preparation. It is found native. See Silver, 
Ores of. • • 

UORNSTONE. A variety of quarts, resembling flint, but more brittle, and break- 
ing with a more splintery fracture. It sometimes occurs imbedded in limestone. 
See Chert. 

HORN QUICKSILVER. Native subchloride of Mercury. See Mercury. 

HORSE CHESTNUT. (Marronnier dCInde , Fr. ; Gemeine Rosskastanie , Germ.) 
The wood of this well known tree is. used by the Tunbridge turner. Otherwise it is 
only employed for some large varnished works. 

HORSE-FLESH ORE. A Cornish name for a peculiar variety of purple copper. 

HORSE POWER, in steam engines, is estimate! by Mr. Watt at 32,000 pounds 
avoirdupois lifted one foot high per minute, for one horse. M. D’Aubnisson, from an 
examination of the work done by horses in the whims, or gigs ( machines d molottes) for 
raising ore from the mines at Frey berg, the horses being of average siie and strength, 
has concluded that the useful effect of a horse yoked during eight hours, by two relays 
of four hours each, in a manege or mill course, may be estimated at 40 kilogrammes 
raised 1 m titer per second ; which is nearly 16,440 pounds raised one foot per minnte ; 
being very nearly one half of Mr. Watt’s liberal estimates for the horse power of his 
steam engines. 

Frederick William Simms, M. Inst C. E., adopted some peculiar conditions of 
work on which he was engaged to determine the value of horse power. He had to 
make a tunnel for the South Eastern Railway. This tunnel was driven in the middle 
bed of the lower green-sand, between which and the surface of the ground is interposed 
only the upper bed of the same stratum ; but in sinking the eleven shafts for the work, 
it was found that at the level of the top of the tunnel, the ground assumed the character 
of a quicksand, saturated with water, in such quantity that it could not be reduced by 
manual labour. Under these circumstances horse gins were erected for drawing 
the water by barrels, containing one hundred gallons each, weighing when full 
about 13V) lbs. 

The engineer's intention was, to drive simultaneously from these shafts, in the direc- 
tion of the tunnel, an adit or heading to carry off the water ; but the earth, which was 
sand mixed with fine particles of blue clay, was so filled with water as to become a 
mass of semifluid mud ; great exertions were thereforoneccssary to overcome the water, 
without erecting pumps. At first this was accomplished by making each horse work 
for 12 hours and then for 8 hours per day, allowing one hoar for food and rest: as 
the water increased it became uecessary to work night and day, and the time of each 
horse's working was reduced generally to 6 hours, asd sometimes to 3 hours. As all 
the horses were hired at the rate of seven shillings per day, the engineer, who had 
the direction of the works, ordered a daily register to be kept of the actual work done 
by each horse, for the double purpose of ascertaining whether they all performed their 
duty, and also hoping to collect a body of facts relative to hone power which might 
bo useful hereafter. • 

Mr. Simms give* as a proposition, “ that the proper estimate of horse power would 
be that which measures the weight that a horse would draw up out of a well; the animal 
acting by a horizontal line of traction turned into the vertical direction by a simple 
pulley, whose friction should be reduced as much as possible." He states that the 
manner in whioh the work was performed, necessarily approached very nearly to these 
conditions ; and after giving the principal dimensions of the horse gins, bo analyses 
each set of experiments, and by taking the mean of those, against which no objections 
coigd be urged, he arrives at the following results : — 
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The power of a hone for 6 hours - 23,412 lb*, raised l foot high in one minute, 
do. da 6 — 24,360 do. 

do. da 4} 27,056 da 

da da 3 » 32,943 do. 

Of these results, he thinks the experiments for 6 hours and for 3 hours alone should 
be adopted as practical guides, all the others being in some degree objectionable. 

As a means of comparison, the following table of estimates of horse power is given : — 


Kune. 

Pound* rafted 
1 Toot high 
in a minute. 

Himnofirork. 

Authority. 

Boulton and Watt - 
Tredgold - 

Dcsaguliers - 
Ditto - 

Saussure ... 

More, for Society of Arts 
Smeaton - 

32.000 
27,500 

44.000 
27,500 
34,020 
21,120 

22.000 

8 

8 

8 

Not stated 

8 

Not stated 
Not stated 

Robinson's Mech. Phil., ii. 145. 
Tredgold on Railroads, p. 69. 

h Dr. Gregory's Mathematics 
for Practical Men, p. 183. 

V 


These are much higher results than the average of his experiments, and would 
more nearly accord with the extremes obtained by him; but under such excessive 
fatigue, the hones were speedily exhausted, and died rapidly. Nearly one hundred 
horses were employed ; they were of good quality ; their average height was 15 hands 
i inch, and their weight about 10$ cwts., and they cost from 20& to 40/. each. They 
had as much corn as they could cat, and were well attended to. 

The total quantity of work done by the horses, and its cost, was as under : — 


Registered quantity of water drawn 104 feet, the average 
28,220,800 gallons ------- 

Do. earth, 3,500 yds. 1 ton 6 cwt. per yard 


128,535 

4,550 


Total weight drawn to the surface - - 133,955 

Total cost of horse labour, including a hoy to drive each horse, 1,585/. 15s. 3</., or 
2 86d. per ton the average height of 104 ft 

Mr. Palmer made some experiments on the amount of work performed by horses 
tracking boats on canals. On the upper end of the mast of the boat a pulley was hong ; 
over this the towing rope was passed, with the means of suspending to its extremity 
given weights, so as exactly to balance the power exerted by the horse. 

The results arrived at by these means were so various, that he could not deduce 
any average conclusions, aa the power exerted varied between 30 lbs. and 120 lbs., 
the power diminishing as the speed was increased. He thought that 24 miles was too 
high an average estimate, and that it should not exceed 2 miles per hour, although 
in all estimates of horse power, the speed was considered to be at an average of 2j 
miles per hour, and all experiments were reduced to that standard. 

Mr. Hawkins, some years since, had made numerous inquiries respectingAlie work 
done by horses in drawing upon common turnpike roads, and found that four good 
horses could draw an ordinary stage-coach with its complement of passengers, 
at the rate of ten miles an hour j that if they ran stages 10 miles in the hour, 
the horses must rest one day in each week ; that good horses, so worked, would last 
only five years, each horse drawing about half a ton. lie had been informed by 
waggoners, that good horses would walk at the rate of 2£ miles per hour, for twelve 
hours out of twenty-four, making 30 miles a day ; and that they would continue, to do 
such work day by day, each horse drawing one ton, for many years, provided they 
had not been worked hard when young. • 

It is desirable to know the average speed at which the different Tates of work bad 
been performed ; this was essential in order to found any ealculation upon the results 
given. Coach proprietors calculated that at a speed of JO miles per hour, a hone was 
required for every mile going and returning, bo that one bSrse was kept for every 
mile of road. Now supposing a four-bone coach, with an average load, to weigh 2 
tontp the load for each hone was 10 cwts. ; whereas in the case of a horse drawing a 
cart, the grass load frequently amounted to 2 tons, but the speed was reduced to 21 
miles per hour, at which pace be conceived that 16 miles per day might be considered 
a Air day’s work $ this therefore was double the distance with four times the load, or 
eight timer the coach work, but with a heavier horse. 

The low that the joantity of work done was as the square root of the velocity, —or 
aa the cube mot of toe velocity, in equal times* — is confined to work upon cannll or 
bodies moving through the water. 
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Mr. Rennie had tried some experiments on the force of traction of the boats on the 
Grand Junction Canal. The towing rope was attached to a dynamometer, which had 
previously been attested by weights. 

The horse, although urged at first starting, was afterwards allowed to fhll into his 
natural speed, which was 2{ miles per hour on the average of 20 miles. The maxi- 
mum speed was 4 miles, and the minimum 2 miles, per hour. The dynamometer 
indicated an average of 108 lbs., which was capable of overcoming the resistance of 
the loaded barge of 26 tons, being in the ratio of 15*00. The weight of the hone was 
about 11 cwts. 

He also tried many experiments upon a fast boat, lent to him in 1833 by the late 
Colonel Page.* These experiments were principally made in order to ascertain the 
comparative resistance of vessels moving through water at different velocities, and 
the Grand Junction Canal afforded a convenient opportunity of undertaking them. 

The boat wA 70 feet in length, 4 feet in breadth, and drew 9 inches of water. 

The traction indicated by the dynamometer the following resistance: — 


Mild per hour. lbs. 

At 2} the resistance was 20 
3 * 27 

8J »„ 30 

* » so 

4J » GO 

5 n 70 to i 5 

One horse was employed in these expe- 
riments. 


Mile* per hour. lbs. 

At 6 the resistance was 97 to 214 


7 

H 

250 

8 

» 

336 

9*69 

1* 

411 

10 

» 

375 

14 

*» 

392 


Average 

336 


Two horses were employed in these expe- 
riments. 


Stakes were fixed near the margin of the canal, so aa to ascertain the rise and fall 
of the wave caused by the boat in pnssing ; and it was observed that when a boat 
passed with a velocity of from 4 to 6 miles per hour, the rise of the wave was 5 inches, 
and the fall 5 inches, making a wave of 10 inches in depth ; and when the velocity 
was 1 1£ miles, the rise was reduced to 2} inches, and the fall to 2J inches. 

Great difference existed in the power of horses, their weights and structure ; and 
the large dray horses used by Messrs. Barclay, Perkins, and Co. did a full average 
duty ns assumed by Boulton and Watt ; but considering the average power of strong 
and weak animals, be had adopted 22,000 lbs. raised 1 foot high as the standard ; 
much, however, depended on the nature of the work performed. 

Mr. Davidson has given the following statement of the work performed by a Lon- 
don brewer’s horse per day ; the cost of feed and of wear and tear per horse per annum 
being derived from actual experience among a largo number of horses at Messrs. 
Truman, Hanbury, and Oo.'s. brewery. The feed, &c., is snpposed to have cost the 
same per quarter per truss, &c., each year. 


Year*. 

Pounds Weight 

drawn ftj Miles 
tier Horse per 
Day. 

Pounds Weight 

drawn ty Miles 
per Horse return- 
ing per Day. 

Average Pounds 

Weight drawn 

13 Miles per 
Horse per Day. 

Cost of Feed 
and Straw per 
Horse per 
Annum. 

Mi 

MTjEVH 

5,148 lbs. 

1,716 lbs 

3,342 lbs. 

£43 2 7 

£10 0 3 


5,072 

1,767 

3,389 

43 16 6 

9 18 0 


5,057 


8,371 


9 15 9 

■ 


1 ? Mi 

3,513 

42 9 11 

9 7 1 



hH 

3,803 

46 11 7 

7 17 11 

■ 


1,750 


45 0 l 

10 16 11 

I 

5,263 

1,740 

3,501 

47 0 9 

10 8 0 

Total 

56,924 

12,171 

24,435 

309 19 5 

68 3 11 

Average 7 
yrs. nearly 

| 5,275 

1,738 

3,506 

44 5 7 

9 14 10 


Mr. Beardmore mentions a cose which occurred in a work near Plymouth, wb'uh 
be believed would give the fair value of the work actually performed daily by a burse 
for a considerable period. 

A quarry- waggon, weighing 2} torn, carrying an average load of stone of 5) tons, 
was drawn by one horse along a railway 960 feet in length, 260 of it being level, an£ 
the remaining 700 feet having an inclination of 1 in 138. During 48 working days 
the number of trips was 1,302, or an average of 27*1 trips each day \ the time of per- 
forming each trip was 4 minutes, or at a speed of 2-72 miles per hour j and the 
tqtal weight drawn,' including that of the waggons, was 23,959,600 lbs. 









604 


HORSESHOES. 


Repeated experiments proved, that upon the incline of 1 in 138 the waggcns in 
their ordinary working state wonld just remain stationary ; the friction was therefore 
assumed to be 16 a 8 lbs. per ton ; by calculation it was found that the horse raised 
89,380 lbs. 1 foot high per minnte during the 8 working hours each dav: the useful 
effect, or net amount of stone carried, being 21,738 lbs. raised 1 foot high per minute. 
This difference between the work done and the useful effect arose from the necessary 
strength and weight of the waggons. 

The animal employed was a common Devonshire cart-horse, 8 years old, 15 hands 
high, and weighed 10] cwts ; he continued doing the same work throughout a whole 
summer, remaining in good condition; but a lighter horse was found unequal to it 
Professor Rankine puts this in a somewhat different form. 11 The power of a 
machine is the energy exerted, and the effect the useful work performed in some 
interval of time of definite length, such as a second, a minute, an hour, or a day.” 
There is a peculiar unit of power appropriated to its expression, celled a Horae 
Power, which is in Britain — 

550 foot-pounds per second, 
or 33,000 foot-pounds per minute, 
c or 1,980,000 foot-pounds per hour. 

In France the terms Fobce de Cheval or Cbeval-Vapeur is applied to the 
f. llowing rate of work ; — 

Foot-pounds. 

73 kilogrammhtres per second = 542 J 

or 4,500 kilogramnidtres per minute — 32,549 

or 270,000 kilogrammdtres per hour =1,952,948, 


being about one-seventieth part less than the British horse power. 

This is also called an actual or real horse power, to distinguish it from a nominal 
horse power. 

Nominal Horse Power is a conventional mode of describing the dimensions of a 
steam engine, for the convenience of makers and purchasers of engines, and bears no 
fixed relation to indicated or to effective horse power. The mode of computing 
nominal horse power, established amongst Civil manufacturers of steam engines by the 
practice of Boulton and Watt, is as follows : — 

Assume the velocity of the piston to be 128 feet per minute x cube root of length 
of stroke in feet Assume the mean effective pressure to be seven pounds on the 
square inch. 

Then compute the hone power from those fictitious data, and the area of the 
piston ; that is to say, 

Nominal H. P.-7 x 128 x stroke in feet 
x area of piston in square inches -s- 33,000 
= y stroke iiTfeet x area piston in inches 
47 nearly 

« jK stroke in feet x diaro.* in inches .v 

60 * * ^ ' 


The indicated power of different engines usually exceeds the nominal power as 
computed by the above rule in proportions ranging from l£ to 5. 

In the rule established by the Admiralty for computing nominal hone power, the 
real velocity of the pinion is taken Into account; but the fictitious effective power of 
seven pounds on the square inch is assumed consequently by the Admiralty roles. 
Nominal H. P.= velocity of piston in feet per minnte 
x area of piston in inches x 7 -s- 33,000 


velocity in feet per min. x diam. s in inches 
6,000 


(*> 


The indicated power of marine engines ranges from once to three times, and Is on 
an average abont twice the nominal power as computed by the Admiralty rule. 

Roth the Civil rule and the Admiralty rule for computing the power of engines are 
applicable to low pressure engines alone. For high pressure engines there is a 
customary rale proposed by Mri Bourne, which consists in assuming the effective 
pressure to be 21 pounds per square inch, the other data being the same as in the 
rule for low pressure engines. See Bankings Manual qf the Steam Engine and other 
firms Mover*. • 
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has, however, been lately introduced with mneh success a machine for making horse- 
shoes. One of these machines has been erected at Chillington Ironworks, Wolver- 
hampton, by the inventor, Mr. Henry Borden, of Troy, New York. As early as 
1835 he took ont a patent for a machine for making horseshoes, which he improved 
upon in 1843, and this was tamed to practical account by the production of a con- 
siderable number of horseshoes. The present machine, however, which was patented 
in 1857, is entirely different from the former ones, and is a very remarkable piece of 
mechanism. In the previous machines the piece of iron bar of which the shoe was to 
be made was rolled into shape before being bent, and the pressure of the rollers being 
in the direction of its length, the bar, when it was pressed, was naturally rather ex- 
tended in length than width, and the widening which is required at the crown of the 
shoe was not properly effected. By the present plan the bar, after being heated, 
enters the machine by a feeding apparatus, a piece of the required length u cut off, 
and, by a stroke from a piece of steel, shaped like the inside of a horseshoe, is bent, 
and foils upon a die on a wheel beneath, corresponding to one on a cylinder above, 
and thus acquires by pressure the desired shape, two lateral strikers at the same 
moment hitting the extremities, or heels, of the shoe, and driving them inwards into 
the rcqnired shape. Thence it passes between another pair of dies, where it is stamped, 
and by an ingenious arrangement is flattened from the curled shape which the wheel 
gives it as it follskt the mouth of the machine. The shoes tifbs maAn are remarkable 
for their exactness in shape and in the position of the holes — a moat important point 
with regard to the safety of horses* feet ; and they can be produced, when the machino 
is in proper order, at the rate of 60 per minute, which is more than two men can 
forge in a day, and the superiority over shoes forged by hand is very striking. As 
the bar is bent before being pressed in the die, the pressure at the crown is in the 
direction of the width, and hence the widening is readily effected. 

HOSIERY. (Bunnetcrie, Fr. ; StrumpfunUrei, Germ.) The Blocking frame, which 
is the great implement of this business, though it appears at first sight to be a compli- 
cated machine, consists merely of a repetition of parts easily understood, with a mode- 
rate degree of attention, provided an accurate conception is first formed of the nature 
of the hosiery fabric. This texture is totally different from the rectangular decussation 
which constitutes cloth, as the slightest inspection of a stocking will show ; for this, 
instead of having two distinct systems of thread, like the warp and the weft, which are 
woven together by crossing each other at right angles, the whole piece is composed 
of a single thread united or looped together in a peculiar manner, which is called 
stocking-stitch, and sometimes chain-work. 

This is best explained by the view in Fig. 963. A single thread is formed into 

a number of loops or waves, by arranging it 
over a number of parallel needles, as shown at 
a ; these are retained or kept in the form of 
loops or waves, by being drawn or looped 
through similar loops or waves formed by the 
thread of the preceding course of the work, s. 
The fabric thus formed by the union of a num- 
ber of loops is easily unravelled, because the 
stability of the whole piece depends upon the 
ultimate fastening of the first end of the thread ; 
and if this is undone, the loops formed by that 
end will open, and release the subsequent loops 
one at a time, until the whole is unravelled, and drawn out into the single thread from 
which it was made. In the same manner, if o thread in a stocking piece fails, or 
breaks at any part, or drops a stitch, as it is called, it immediately produces a hole, 
and the extension of the rest can only be prevented by fastening the end. It should 
be observed that there are many different fabrics of stocking stitch for various kinds 
of ornamental hosiery, and as each requires a different kind of frame or machine to pro- 
duce it, we shohld greatly exceed our limits to enter into a detailed description of them 
alL That species which we have represented in fig 963 is the common stocking-stitch 
used for plain hosiery, and is formed by the machine called the common stocking-frame, 
which is the groundwork of all the others. The operation, as we see, consists in draw- i 
ing the loop of a tbrfead successively through a series of other loops, so long as the 
work is continued, as is very plainly shown for one stitch in/ig. 964. 

There is a great variety of different frames in use for producing various ornamental 
kinds of hosiery. The first, which forms the foundation of the wholes is that for knit- 
ting plain hosiery, or the common stocking-frame. 

Of this valuable machine, the invention of Mr. Lee of Cambridge, a side ele vatiorfji 
given injiy. 965, with the essential parts. The framing t is supported few npnght 
foots, generally of oak, ash, or other hard wood. Tnoofthrae porta aopear at * a, and 
^he connecting cross rails ureatcc. At b is a small additional piece of framing, which 
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supports the hosier's seat The iron-work of the machine is bolted or screwed to the 
upper rails of the framework, and consists of two parts. The first rests upon a sole of 
polished iron, which appears at d, and to which a great part of the machinery is 
attached. The npper part, which is generally called the carriage, runs upon the iron 
sole at d, and is supported by four small wheels or trucks, as they are called by the 
workmen. At the upper part of the back standard of iron are joints, one of which 
appears at q; and to these is fitted a frame, one side of which is seen extending to h. 
By means of these joints the end at a may be depressed by the hosier’s ha n d , and it 
returns, when relieved, by the operation of a strong spring of tempered steel, acting 
between a cross bar in the frame, and another below. The action of this spring is 
very apparent in fig. 966. In the front of the frame, immediately opposite to where 
the hosier sits, are placed the needles which forms the loops. These needles, or rather 
hooks, are more or less numerous, according to the coarseness or fineness of the 
stocking; and this, although unavoidable, proves a very considerable abatement of 
the value of a stocking-frame. In almost every other machine (forexafople, those em- 
ployed in spinning, or weaving), it is easy to adapt any one either to work coarser 
or finer work, as it may be wanted. But in the manufacture of hosiery, a frame 
once finished, is limited for ever in its operation to the same quality of work, with 
this exception, that by changing the stuff, the work may be made a little more dense 
or flimsy ; but no alteration in the size or quantity of loops can take place. Hence 
where the manufacture is extensively prosecuted, many frames may be thrown idle 
by every vicissitude of demand ; and where a poor mechanic does purchase his own 
frame he is for ever limited to the same kind of work. The guage, as it is called, 
of a stocking-frame is regulated by the number of loops contained in three inches of 



breadth, and varies very mnch ; the coarsest frames in common use being about what 
are termed Fourteens, and the finest employed in great extent about Forties. The 
needles are of iron wire, the manufacture of which is very simple ; hot long practice 
in the art is found necessary before a needle -maker acqnires the dexterity which will 
t enable him both to execute his work well, and in sufficient quantity to render 
his labour productive. • 

The process of making the needles is as follows:— Good sound iron wire, of a proper 
fineness, ia to be selected ; that which is liable to split dr splinter, either in filings 
punching, or bending, being totally unfit for the purpose. The wire is first to be cut 
into proper lengths, according to the fineness of the frame for which the needles are 
designed, coarse needles being considerably longer than fine ones. When a sufficient 
< number (generally some thousands) have been cut, the wire must be softened as mnch 
as possible, this ia done by laying them in rows in a fiat iron box, about an inch 
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deep, with a close com j the boa being filled with charcoal between the strata of wires. 
This box, being placed upon a moderate fire, is gradnall y .heated until both the wires and 
charcoal hare received a moderate Ted heat, because, were the heat increased to what 
smiths term die whitc^beat, the wire would be rendered totally unfit for the subsequent 
processes which it has to undergo, both in finishing and working. When the box has 
been sufficiently heated, it may be taken from the fire, and placed among hot ashes 
until both ashes and box have gradually cooled ; for the slower the wires cool, the 
softer and easier wrought they will be. When perfectly cool, the next process is to 
pnnch a longitudinal groove in the stem of every needle, which receives the point or 
barb, when depressed. This is done by means of a small engine worked by the power 
of a screw and lever. The construction of these engines la various ; but a profile 
elevation of one of the most simple and commonly 
used will be found in Jig. 966. It consists of two 
very strong pieces of malleable iron, represented 
at A and c, anddhese two pieces arc connected by g 
a strong well -fitted joint at n. The lower piece, 
or sole of the engine at c, is screwed down by bolts 
to. a strong' board or table, and the upper piece a 
will then rise or sink at pleasure, upon the joint b. 

In order that a nray be very steady in rising and 
sinking, which is indispensable to its correct oper- 
ation, a strong bridle of iron, which is shown in 
section at s, is added to confine it, and direct its 
motion. In the upper part of this bridle is a female screw, through which the forcing 
screw passes, which is turned by the handle or lever d. To the sole of the engine c 
is fixed a bolster of tempered steel, with a small groove to receive the wire which is to be 
punched ; and in the upper or moving part a, is a sharp chisel, which descends exactly 
into the groove, when a is depressed by the screw. These are represented at r, and 
above h. At o is a strong spring, which forces up the chisel when the pressure of 
the screw is removed. The appearance of the groove, when the punching is finished, 
will be rendered familiar by inspecting Jig. 972, p. 471. When the punching is 
finished, the wires are to be brought to a fine smooth point by filing and burnishing, 
the latter of which should be very completely done, as, besides polishing the wire, it 
tends greatly to restore that spring and elasticity which has been removed by the pre- 
vious operation of softening. The wire is next to be bent, in order to form the hook 
or barb ; and this is done with a small piece of tin plate bent double, which receives 
the point of the wire, and by its breadth regulates the length of the barb. The stem 
of the needle is now flattened with a small hammer, to prevent it from turning in the 
tin socket in which it is afterwards to he cast ; and the point of the barb being a little 
curved by a pair of small plyers, the needle is completed. 

In order to fit the needleB for the frame, they are now cast into the tin sockets or leads 



as they are called by the workman; and this is done by placing the needles m an iron 
mould, which opens and shuts by means of a joint, and pouring in the tin while in a 
state of fusion. In common operations, two needles are cost into the same socket. The 
form of the needle, when complete and fitted to its place in the frame, will be seen in 
QR7 Jig. 967, which is a profile section 

- y of the needle-bar exhibiting one 

ySffir needle. In this figure a section of 
1 the pressure is represented at r ; 

K B &s | i kg f the needle appears at o, and the 

gjp nr” K .socket or level at x. At h, is a 

11 section of the needle-bar, on the 

fore part of which is a small plate 
of iron called a verge, to regulate the position of the needles. . When placed upon 
the bar resting against the verge, another plate of iron, generally lined with soft leather, 
is screwed down ppon the sockets or leads, in order to keep them all fast This plate 
and the screw appear at x. When the presser at r is forced down upon the barb, this 
sinks into the groove of the stem, and the needle is shut ; when the presser rises, the 
barb opens again by its own elasticity. 

The needles or hooks Jteing all properly fitted, the next part of the stocking-frame to 
which attention oqght to be paid, is the machinery for forming the loops ; and this con- 
sists of two parts. The first of these, which sinks between every second or alternate 
needle, is represented at o, fig. 965, and is one of the most important parts of the whole 
machine. It consists of two moving parts ; the first being a succession of horixontal 
levers moving upon a common centre, and called jacks, a term applied to vibrating levers® 
in various kinds of machinery as well as the stocking-frame.^ One only of these jacks 
can be represented in the profile Jig. 965 ; but the whole are distinctly shown in a hori- 
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■ratal position in fig. 968 ; and a profile upon a very enlarged scale is given in fig, 969. 
The jack shown in fig, 965, extends horizontally from o to i, and the centre of motion 




is at n. On the front, or right hand of the jack at o, is a joint suspending a very 
thin plate of polished iron, which is termed a sinker. One of these jacks and sinkers is 
allotted for every second or alternate needle. The form of the sinker will appear at s, 
fiu. 969 ; and in order that all may be exactly uniform in shape, they are cut out and 
finished between two stout pieces of iron, which serve as moulds or gauges to direct the 
frame-smith. The other end of the jack at i, is tapered to a point ; and when the jacks 
are in their horizontal position, they are secured by small iron springs, one of which is 
represented at i % fig. 965, each spring having a small obtuse-angled notch to receive the 
point of the jack, against which it presses by its own elasticity. In fig . 969, the centre 
is at r, the pointed tail is omitted for want of room, the joint is at o ( and the throat 
of the sinker, which forms the loop, ib at s. The standards at r, upon which tliejuck 
moves, are called combs, and consist of pieces of flat smooth brass, parallel to, and 
equidistant from each other. Tbc cross bar r, which contains the whole, is of iron, 
with a perpendicular edge or rim on each side, leaving a vacancy between them, or a 
space to receive the bottom part or tails of the combs. The combs are then placed in 
the bar, with a flat piece of brass calk'd a countercomb, between each, to ascertain 
and preserve their distances from each other. These countercombs are exactly of 
the same shape as the combs, but have no tails. When both combs and countercoin hs 
are placed in the bar, it is luted with clay so as to form a mould, into which is 
ponred a sufficient quantity of melted tin. When the tin has hod time to cool, the 
conntercombs having no tails are easily taken out, and the couihs remain well fastened 
and seenred by the tin, which has been fused entirely round them. Thus they form a 
succession of standards for the jacks ; and a hole being drilled through each jack and 
each comb, one polished wire put* through serves as a common centre for the whole. 

The jack sinkers being only used for every alternate or second needle, in order to 
complete this part of the apparatus, a second set of sinkers is employed. These are. in 
form and shape, every way the same os the jack sinkers, but they are jointed at the top 
into pieces of tin, all of which are screwed to the siuker bar, u ,fig. 965 ; and thus a 
sinker of each kind descends between the needles alternately. By- .these sinkers the 
loops are formed upon all the needles, and the reason of two sets different in operation 
being employed, will be assigned in describing the mode of working the frame. The 
presser of the operation, of which something has already been said, appears at f ; and 
of the two arms which support and give motion to it, one appears very plainly at e, its 
centre of motion being at c. The circular bend given to these arms, besides having on 
ornamental efieet, is very useful, in order to prevent any part from interfering with the 
other parts which are behind, by elevating them entirely above them. The extremities 
of these arms at the termination of the bends behind, are connected by a cross bar, 
which has also a circular bend in the middle, projecting downwards for a reason 
similar to that already assigned. This bend is concealed in fig. 965, hot visible in 
tbo front elevation, ./fy. 971. From the middle of the bend, the presser is connected 
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with the middle treadle by a depending wire appearing at 965, and thus, by the 
pressure of that treadle, the presser is forced down to close the barbs of the needle. 
The re-ascent of the presser is sometimes effected by menus of a counterpoising 
weight passing over ^ pulley behind ; and sometimes by the reaction of a wooden 
spring, formed of a strong hoop like that represented at x. The latter of these is 


971 
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preferred, especially by the Nottingham hosiers, because, as they assert, it makes the 
presser spring up with greater rapidity, and consequently saves time in working. 
How far this may he practically the case, it would be superfluous here to investigate; 
but it is obvious that the wooden spring, if very stiff, must add much to the liosicr*s 
exertion of his foot, already exercised against the united spring of all his barbs ; and 
this inconvenience is much complained of by those who have keen accustomed to 
work with the counterpoise. 

At L are two pulleys or wheels, of different diameters, moving upon a common 
centre, by which the jack sinkers are relieved from the hack Bpriugs, and thrown 
downwunls to form the loops upon the needles. Abriut the larger wheel is a band 
of whipcord, passing twice round, the extremities of which are attached to what is 
called the slur, which disengages the jacks from the hack springs. The smaller 
pulley, by another band, communicates with the right and left treadle ; so that these 
treadles, when pressed alternately, tarn the pulleys about in an inverted order. The 
directions of these 4>ands also appear more plainly in the front elevation, //g. 971. 
The construction of the slur, and its effect upon the jacks, will also be rendered 
apparent by Jig. 970. In this figure, eight jacks arc represented iu section, the tail 
part of throe of which, 1 , 2, 3, are thrown up by the slur in its progress from left to 
right; the fourth is in th4 act of rising, and the remaining four, 5, 6, 7, and 8, are 
still unacted upon, the slur not yet having reached them. As the slur acts in the 
direction of the dotted line x x, jfy. 968, behind the centres of the jacks, it is hardly 
necessary to Temark, that this forcing up of the tails must of course depress the joints 
by which the sinkers in front are suspended ; the jack sinkers falling successively 
from the loops on every alternate needle, in the way represented at Jig .. 973, where 
both kinds of sinkers appear in Bection, the light part expressing what is above the 
point at which the throat of the sinker operates upon the thread, and the dark part 
Vol. IL BE 
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what is below. The second set, or, as they arc called, the lead sinkers, from the 
manner of joining them, and suspending them from the bar above, appear still ele- 
vated $ the position of the bar being represented by the line, a, b. But when these 
are pulled down to tho level of the former by the operator’s hpnds, the whole looping 
will be completed, and the thread c, n, which is still slack, will be brought to its full 

973 



and proper degree of tension, which is regulated by stop screws, so as to be tempered 
or altered at pleasure. The sinking of this second set of sinkers may be easily ex- 
plained by fig . 974. r The direction of the sinkers is expressed by the line x; the 
bar from which they are suspended will be at a; the top frame is in the direction 
from a to b; the bark standards at D; and the joint at n, is the centre of motion. 
If e is pulled perpendicularly downwards, the spring c will be contracted, and its 
upper extreme point, o, will he brought nearer to its lower extreme point r, which is 
fixed. Again, when the force which has depressed k is removed, the spring c will 
revert to its former state, and the sinkers will rise. The raising of the jack sinkers 

974 



and jacks takes place at the same time, by the hosier raising his hands ; and for the 
cause of this we must revert to fig. 968. The lead sinkers in rising lay hold of 
notches, which raise the extreme parts of the set of jacks z, z, which are called 
half-jacks. Between the extremities of these at z z, is a cross bar, which, in 
descending, presses all the intermediate jacks behind the common centre, and 
restores them to their original posture, where they are secured by the hack springs, 
until they are again relieved by the operation of the slur recrossing at the next 


course. 

^ Working of the frame. — In order to work a frame, the whole apparatur being pre- 
viously put into complete order, the hosier places himself on the seat b in front, and 
provides himself with a bobbin of yarn or staff. This bobbin he places loosely on a 
vertical pin of wire, driven into one ' Ride of the frame contiguous to the needles, so 
that it may turn freely as the fluff is unwound from it Taking the thread in his 
hand, he draws it loosely along the needles, behind the barbs, and under the throuts 
of tho sinkers. He then presses down one of the treadles to pass the slnr along, and 
unlock the jacks from the back springs, that they may fall in succession. When this 
is done, the number of loops thus formed is doubled by bringing down the lead sinkers, 
and the new formed loops are lodged under the barbs of the needles by bringing 
Jbrward the sinkers. The preceding coarse, and former fabric, being then again 
pushed hack, the barbs are shut by depressing the middle treadle, and forcing down 
the presser upon the needles. The former work is now easily brought over the shut 
'nutates, tdW 'which, by raising the hands, !>otli sets of sinkers are raised ; the jacks 

sttsme s r - sr* - .. 


HOSIERY. 


611 


quire* considerable experience and care, both to work it to advantage, and also to keep 
it in good order. This circumstance arises greatly from the small compass in which 
a number of moving parts must be included. Owing to this, the needles, unless 
cautiously and delicately handled, are easily bent or injured. The same circumstance 
applies with equal or* greater force to the sinkers, which must be so very thin as to be 
easily injured. But as these must work freely, both in a perpendicular and horixontal 
direction between the needles, in a very confined and limited space, the slightest varia- 
tion in either, from being truly and squarely placed, unavoidably injures the others. 
When a hosier, either ignorant of the mechanical Jaws of their relation to each other, 
or too impatient to wait for the assistance of another, attempts to rectify defects, he in 
most cases increases them tenfold, and renders the machine incapable of working at 
all, until repaired by some more experienced person. This circ umstan ce has given 
rise to a set of men employed in this trade, and distinguished by the name of upsetters j 
and these people, besides Betting new frames to work, have frequently more employ- 
ment in repairjpg old ones injured by want of care or skill, than many country 
apothecaries, who live in unhealthy parishes, find in tampering with the disorders of 
mankind. 

It seems unnecessary to go further into detail respecting a machine so well known, 
and which requires practical attention even more than most others. It may, there- 
fore, be sufficient to describe shortly some of its varieties, the most simple and common 
of which is the rib stocking-frame. 

Rib stocking-frame. —This frame, which, next to the common frame, is most ex- 
tensively in use, is employed for working those striped or ribbed stockings, which are 
very common in all the different materials of which hosiery is formed. In principle 
it does not differ from the common frame, and not greatly in construction. The pre- 
ceding general description will nearly apply to this machine with equal propriety as 
to the former ; that part, however, by which the ribs or stripes are formed, ii 
entirely an addition, and to the application of this additional machinery it may he 
proper to pay the chief attention, referring chiefly to fig. 971, which is a front 
elevation. This fignre has been already referred to for the illustration of those 
parts of the machinery which arc common to both, and those parts therefore require 
no recapitulation. The principle of weaving ribbed hosiery has considerable 
affinity to that of weaving that kind of cloth which is distinguished by the name of 
tweeling, for the formation of strines, with some variation arising merely from the 
different nature of the fabric. In cloth weaving, two different kinds of yarn inter- 
secting each other at right angles, are employed ; in hosiery only one is used. In 
the tweeling of cloth, striped as dimity, in the cotton or kerseymere, and in the woollen 
manufacture, the stripes are produced by reversing these yarns. In hosiery, where 
only one kind of yarn is used, a similar effect is produced by reversing the loops. 
To effect this reversing of the loops, a second set of needles is placed upon a vertical 
frame, so that the bends of the hooks may be nearly under those of the common 
needles. These needles are cast into tin moulds, pretty similar to the 
former, bat more oblique or bevelled towards the point, so as to pre- 
vent obstructions in working them. They are also screwed to a bar 
of iron, generally lighter than the other, and secured by means of plates: 
this bar is not fixed, but has a pivot in each end, by means of which 
the bur may have a kind of oscillatory motion on these pivots. Two 
frames df iron support this bar ; that in which it oscillates being nearly 
vertical, but inclined a little towards the other needles. Fig. 975, 
which is a profile elevation, will serve to illustrate the relative position 
of each bar to the other. The lower or horizontal frame, the ends only 
of which can be seen in fig. 97 1, under a a, appears in profile in fig. 975. 
where it is distinguished by d. The vertical frame at a is attached to 
tliia by two centre screws, which serve as joints for it to move in. On 
the top of this frame is the rib-needle bar at fi in figt. 965 and 975, 
and one needle is represented in fig. 975 at f. At g is a small presser, 
to shut the barbs hf the rib-needles, in the same manner as the large 
one does those of the frame. At A is one of the frame needles, to show 
the relative position of the one set to the other. The whole of the rib- 
bar is not fitted with needles like the other ; for here needles are only 
placed where ribs or strfpeB are to be formed, the intervals being filled 
np with blank leuft, that is to f&y, with sockets of the same shape as the others, hot 
without needles ; being merely designed to fill the bar and preserve the intervals. 
Two small handles depend from the needle bar, by which the oscillatory motion npoa 
the upper centres is given. The rising and sinking motion is communicated to this 
machine by chains which are attached to iron sliders below, and which are wrought 
by the hosier’s heel when necessary. The pressure takes place partly b/the action 
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of the small prcsser, and partly by the motion of the needles in descending. A small 
iron slider is placed behind the rib-needles, which rises as they descend, and serves to 
free the loops perfectly from each other. 

In the weaving of ribbed hosiery, the plain and ribbed courses are wrought alter- 
nately. When the plain are finished, the rib-needles are raised between the others, 
but no additional stuff is supplied. The rib-needles intersecting the plain ones, merely 
lay hold of the last thread, and byr again bringing it through that which was on the 
rib-needle before, give it an additional looping, which reverses the line of chaining, 
and raises the rib above the plain intervals, which have only received a single knitting. 

HOT BLAST. See Ibon. 

HOT-FLUE is the name given in England to an apartment heated by stoves or 
steam pipes, in which padded and printed calicoes arc dried hard. Fig. 97G repre- 



sents the simplest form of inch a flue, heated by the vertical, ronnd iron stove c, from 
whose top a wide square pipe proceeds upwards in a slightly inclined direction, which 
receives the current of air heated by the body and capital of the stove. In this wide 
channel there are pulleys, with cords or bands which suspend by hooks and conduct 
the web of calico from the entrance at b, where the operative sits, to near the point 
‘ ▲, and hack again. This circuit may be repeated once or nftener till the goods are 
ncrfeetly dried. At D the driving pulley connected with the main shaft » shown. 
Bear the feet of the operative is the candroy or reel upon which the moist goods are 
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rolled in an endless web s so that their circulation in the hot-air channel can be con- 
tinued without interruption, as long as may be necessary. 

Fig. 977 is a crossjsection of the apparatus of the regular hot-flur, as it is mounted 
in the most scientific calico works of 
England, those of James Thomson, Esq., 
of Primrose, near (Mithcroe, Lancashire, 
a a a a is an arched apartment, nearly 30 
yards long, by 13 feet high, and 10 feet 
wide. Through about one half of this 
gallery there is a horizontal floor sup- 
ported on arches, above which is the driest 
space, through which the goods are finally 
passed before they escape from the hot- 
line, after tliey»have been previously ex- 
posed to the hot but somewhat moist nir 
of the lower compartment. A large 
square fine covered with cast-iron plates 
runs along the whole bottom of the gal- 
lery. It is divided into two long parallel 
vaults, whose sections are seen at v, t ijiy. 

977, covered with the cast-iron plates v r, 
grooved at their ends into one another. 

The thickness of these plates is increased 
progressively as they come nearer to the 
fireplace or furnace. There are dampers which regulate the draught, and of course 
the heat of the stove, h h are the air-passages or vent holes, left in the side walls, 
and which liy means of a long iron rod, mounted with iron plates, may be opened or 
closed together to any degree, k k are the cast-iron supports of the tinned brass rollers 
which guide the goods aloug, and which are fixed to the cross pieces represented by 
r r - M 977. //are iron bars for supporting the ventilators or fans (see Foundry and 
Ventilation). These fans arc here enclosed within a wire grating. They make 
about 300 turns per minute, and expel the moist air with perfect effect. * indicates the 
position of the windows, which extend throughout the length of the building, t is a 
gas-light jet, placed at the side of each window to snpply illumination for night work. 

The piece is stretched along the whole extent of the gallery, and runs through it in 
the course of one minute and a half; being exposed during its passage to the boat of 
212° Fahr. 

In Jig. 978, a is the iron door of entrance to the hot-fluc gallery; at b is ‘lie pad- 
ding machine, where the 
goods are imbued with 
the general mordant. The 
8]>ced of this machine 
may be varied by means 
of the two conical drums 
e c, which drive it ; since, 
when the hand c c is 
brought by its forks, and 
adjusting screws, nearer 
to the narrow end of the 
lower drum, the cylin- 
der upon the same shaft 
with the latter is driven 
quieker; and vice versa. 

Over i> d the cords are 
shown for drawing the 
drum mechanism into gear with the main shaft hand, f, f, k ; or for throwing it out of 
gear. The pulleys f f carry the bands which transmit the motion to the padding 
machine. A cylindrical drum exterior to the hot -flue, covered with flannel, serves to 
receive the end of the series of pieces, and to draw them through tho apartment. 
This mode of drying the padded calicoes requires for each piece of 28 yards three 
pounds of coals for the furna&e when a fan is employed, and four pounds without 
it. See Calico Printing. 

HUNGARY WATER. Supposed to be named after a queen of Hungary, who 
used it as a cosmetic : it is prepared by distilling rosemary. See Eau i>b Cologne. 

HYACINTH. The name under which arc included the transparent, bright- 
coloured varieties of zircon. Hyacinth differs from jargoon merely in colour, which 
is orange-red passing into poppy-red. Though not much worn at the present time it 
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is a valuable gem, and makes a very superb ring-stone when of a bright tint and free 
from flaws. The larger pieces are sometimes made into seals. Hyacinths occur in 
the sand and alluvial deposits of certain rivers in Ceylon, also .in the state of sand, 
mingled with various other substances, in the bed of a stream at Expailly (Haute Loire) 
in France, as well as in basalt near the same place. It is also found in volcanic toff 
in Auvergne, in Bohemia, Saxony, the Tyrol, Transyl vania, Greenland, in the lircon- 
syenite of Fredericks-vfirn in Norway, and in the iron mines of Arendal ; also at 
Miask in the Urals, Vesuvius, at Santa Rosa in New Grenada, at Scalpay in Harris, 
Scotland, Egypt, the East Indies and elsewhere. The hyacinth-red varieties of xircon 
are sold by the inhabitants of Ceylon as inferior rubies. — H. W. B. 

HYDRATES are compounds of the oxides, salts, &c., with water in definite or 
equivalent proportions. Thus slaked lime consists of one atom of quick-lime * 28, 
+ one atom of water «9, of which the sum is 37 on the hydrogen scale. “ The very 
different functions performed by water in the various modes of combination it affects 
render it necessary to adopt a definite principle of nomenclature in this respect . . . 
I shall employ the word hydrate only where the water is combined with a base, such 
as a metallic oxide, thus, hydrate of lime, hydrate of potash, hydrated oxide of lead.** 
— Kant . 

HYDRAULIC CEMENT or LIME is the kind of mortar 1 used for building 
piers or walls under, or exposed to, water, such as those of harbours, docks, &c. The 
poorer sorts of limestone, such as contain from 8 to 25 per cent, of foreign matter, 
in Bilica, alumina, magnesia, &c., arc best adapted for this purpose. All the water 
limestones are of a bluish gTey or brown colour, which is communicated to them by 
the oxide of iron. They are usually termed stune-lime by the builders of the metro- 
polis, to distinguish them from common chalk lime, but so far improperly, that the 
Dorking limestone is not much harder than chalk, and the Hailing limestone is 
actually a chalk, and not harder than the pure chalk of the same neighbourhood, 
from which it is only distinguished in appearance by being a little darker. These, 
though calcined, do not slake when moistened ; bnt if pulverised they absorb water 
without swelling np or heating, like fat lime, and afford a paste which hardens in a 
few days under water, but in the air they never acquire much solidity. 

The following analyses of different hydraulic limestones are by Berthier. 



No. 1. 


No. 5. 

No. 4. 

No. 5. 

A. Analyses of limestones. 

Carbonate of lime ------ 

970 

985 

74 5 

76-5 

800 

Carbonate of magnesia ------- 

2-0 

- . 

230 

30 

1-5 

Carbonate of pntoxide of iron - 

- - 

- - 

- - 

30 

__ 

Carbonate of manganese ------- 

Silica and alumina 

“ " 

• ■ 

- • 

1-3 

1 1.V2 

1K-0 

Oxide of iron . 

1*0 

1ft 

1-2 


ino-u 

100 0 

1000 

100 0 

hhhP 

B. Analyses qf tkc burnt lime. 


97-2 

780 

lift'3 

700 

Magnesia - -- -- -- -- - 

l'H 

. - 

200 

2-0 

1 0 

Alumina 

1 8 

2-8 

2-0 

240 

29-0 

Oxide of iron - -- -- -- -- 

_ - - 

- - 

- - 

57 



100 0 

1000 

100*0 

lu0„ 

loo-iT 


No. 1 is from the fresh- water lime formation of Cliatean-Landon, near Nemours ; 
No. 2, the large grained limestone of Paris ; both of these afford a fat lime when 
burnt. Dolomite affords a pretty fat lime, though it contains 42 per cent, of carbonate 
of magnesia ; No. 3 is a limestone from the neighbourhood of Paris, which yields a 
poor lime, possessing no hydraulic property ; No. 4 is the secondary limestone of 
Metx *, No. 5 is the lime marl of Senonches, near Dreux ; both the latter have the 
property of hardening under water, particularly the last, which is much used at Paris 
on this account 

All good hydraulic mortars must contain alumina and silica ; — the oxides of iron and 
manganese, at one time considered essential, are rather prejudicial ingredients. By 
adding silica and alumina, or merely the former, in certain circumstances, to fat lime, 
a water-cement may be artificially formed ; as also by adding to lime any of the follow- 
ing native productions, which contain silicates ; puxfolana, trass or tarras, pumice- 
stone, basalt- tof£ slate-clay. Puxsolana is a volcanic product, which forms hills of 
considerable extent to the south-west of the Apennines, in the district of Rome, the 
Pontine marshes, Viterbo, Bolsena, and in the Neapolitan region of Puxsuolo, whence 
the name.. A similar volcanic tilth is found in many other parts of the world. 
According to Berthier. the Italian pusxolana consists of 44*5 silica; 15*0 alumina; 
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8*8 lime ; 4*7 magnesia ; 1 4 potash ; 4*1 soda; 18 oxides of iron and titanium ; 9 2 
water ; in 100 parts. 

The tufa stone, which, when ground forms irons, is composed of 57*0 silica, 16'0 clay, 
8 *6 lime, 1*0 mngnedb, 7*0 potash, 1*0 soda, 5 oxides of iron and titanium, 9*6 water. 
This tuff is found abundantly, filling up valleys in beds of 10 or 20 feet deep, in the 
north of Ireland, among the schistose formations upon the banks of the Rhine, and at 
Monhcim in Bavaria. 

The fatter the lime the less of it must be added to the ground pusiolona, or trass, to 
fonn a hydraulic mortar; the mixture should be made extemporaneously, and must at 
any rate be kept dry till about to be applied. Sometimes a proportion of common 
sand mortar instead of lime is mixed with the trass. When the hydraulic cement 
hardens too soon, as in 12 hours, it is apt to crack ; it is better when it takes 8 days 
to concrete. Through the agency of the water, silicates of lime, alumina (magnesia), 
and oxide of ijon are formed, which assume a stony hardness. 

Besides the above two volcanic products, other native earthy compounds arc used 
in making water cements. To this head belong all limestones which contain from 
20 to 30 per cent of clay and silica. By gentle calcination, a portion of the carbonic 
acid is expelled, and a little lime is combined with the clay, while a silicate of clay 
and lime results, associated with lime in a subcarbonated state. A lime-marl con- 
taining less clay will bear a stronger calcining beat without prejudice to its qualities 
as a hydraulic cement : but much also depends upon the proportion of silica present, 
and the physical structure of all the constituents. 

The mineral substance most used in England for making such mortar is vulgarly 
called cement-stone. It is a reniform limestone, which occurs distributed in siuglo 
nodules, or rather lenticular cakes, in beds of clay. They are mostly ibund in those 
argillaceous strata which alternute with the limestone beds of the Oolite formation, ns 
also in the clay strata above the chalk, and sometimes in the London clay. On the 
coasts of Kent, in the isles of Sheppey and Tbauet on the coasts of Yorkshire, 
Somersetshire, and the Isle of Wight, &e., these nodular concretions are found in con- 
siderable quantities, having been laid tare by the action of the sea and weather. 
They were called by the older mineralogists Septaria and Lmlus Jf el won tit ( Van 
Helmont’s coits). When sawn across, they show veins of calc -spar traversing the 
siliceous clay, and are then sometimes placed in the cabinets of virtuosi. They are, 
found also in several places on the Continent, us at Neustadt-Ebcrswalde, near 
Antwerp, near Altdorf in Bavaria; as also at Boulogne-sur-mer, where they are 
called Boulogne pebbles (galets). These nodules vary in sise from that of a fist to a 
man’s head ; they are of a yellow-grey or brown colour, interspersed with veins of 
calc-spar, and sometimes contain cavities bestudded with crystals. Their specific 
gravity is 2*59. 

The Blue Lias cement-stones are considered the strongest water limes of this country, 
and are found on opposite sides of the Bristol Channel, near Watchet in Somerset- 
shire, and Aberthaw in Glamorganshire, and also in North Wales and at Lyme Regis 
in Dorsetshire. The Dorking or Merstham lime and the Hailing lime, so termed 
from a village on the left tank of the Medway above Rochester, but which is also 
found near Burnham on the opposite side of the river, though not possessing such 
strong hydraulic properties as the lias, are also much esteemed. 

Analyses of several cement-stones, and of the cement made with them : 



No. 1. 

No. 3. 

No. 3. 

No. 4. 

No. 5. 

A. Constituents of the cement- 






stones . 






Carbonate of lime 

65-7 

61*6 


82*9 

63*8 

— magnesia 

0*5 

- - 


- - 

1*5 

— protoxide of iron 

6*0 



\ 4*3 

11*6 

— manganese 

1*6 



J 


Silica - 

18*0 

hTI 



14*0 

Alumina or day - 

6*6 

4*8 


trace 

5*7 

Oxide of Iron - • - 

. 

30 




Water - •- 

• 

1*2 

6*6 

- ” l 

■ 

9*4 

B. Constituents of the cement. 






Lime - 

55*4 

54 *0 

55*0 


56*6 

Magnesia - 

. - I 


- - 

M - ” 

1*1 

Alumina or clay - 


KTg« 

38*0 


21*0 . 

Oxide of iron - 

8*6 

WM 

13*0 

■ 

137 
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Na 1, English cement-stone analysed by Berthier j No. 2, Boulogne stone, by 
Drapiex ; Na 3, English ditto, by Davy ; No. 4, reniform limestone nodules from 
Arkona, by Huhnefcld ; Na 6, cement-stone of Avallon, by Djjunas. . 

In England the stones are calcined in shaft-kilns, or sometimes in mound-kilns, 
then ground, sifted and packed in casks. The colour of the powder is usually dark 
brown-red. When made into a thick paste with water it absorbs little of it, evolves 
hardly any heat, and soon indurates. It is mixed with a sharp sand in various pro- 
portions, immediately before nsing it ; and is employed in all marine and river em- 
bankments, for securing the seams of stone or brick floors or arches from the percolation 
of moisture, and also for facing walls to protect them from damp. 

The cement of Pouilly is prepared from a Jurassic (secondary) limestone, which con- 
tains 39 per cent of silica, with alumina, magnesia, and iron oxide. Vicat forms a 
factitious Roman cement by making bricks with a pasty mixture of 4 parts of chalk 
and 1 part of dry clay, drying, burning, and grinding them. River* sand must be 
added to this powder ; and even with Ibis addition, its efficacy is somewhat doubtful ; 
though it has, for want of a better substitute, been much employed at Paris. 

Professor Kuhlmann, of Lisle, has made certain improvements in the manufacture 
of lime-cement, and he lias prepared artificial stone possessed of a hardness and 
solidity fit for the sculptor. See Stone, Artificial. a 

In operating by the dry method, instead of calcining the limestone with sand and 
clay alone, as lias been hitherto commonly practised, this inventor introduces a small 
quantity of soda, or preferably, potash, in the state of sulphate, carbonate, or muriate 
— salts susceptible of forming silicates — when the earthy mixture is calcined. The 
alkaline salt, equal in weight to about one-liftli that of the lime, is introduced in solu- 
tion among the earths. 

All sorts of lime ore made hydraulic in the humid way. by mixing slaked lime with 
solutions of common alum or sulphate of alumina : but the best method consists in 
employing a solution of the silicate of potash, called liquor of flints, or soluble glass, 
to mix in with the lime, or lime and clay. An hydraulic cement may also be made 
which will serve for the manufacture of achitectural ornaments, by making a paste of 
pulverised chalk, with a solntion of the silicate of potash ; the said liquor of flints 
likewise gives chalk and plaster a stony hardness, by merely soaking them in it 
after they are cut or moulded to a proper sliape. On exposure to the air they pet 
progressively indurated. Superficial hardness may be readily procured by washing 
over the surface of chalk, flee., with liquor of flints, by means of a brush. This 
method affords an easy and elegant method of giving a stony crust to plastered walls 
and ceilings or apartments ; as also to statues and busts, cast in gypsum, mixed with 
chalk. 


The essential constituents of every good hydraulic mortar are caustic lime and 
silica ; and the hardening of this compound under water consists mainly in a chemical 
combination of these two constituents through the agency of the water, producing a 
hydrated silicate of lime. But such mortars may contuin other bases besides lime, as 
for example clay and magnesia, whence double silicates of great solidity are formed ; 
on which account dolomite is a good ingredient of these mortars. But the silica must 
be in a peculiar state for these purposes ; namely, capable of affording a gelatinous 
paste with acids; and if not so already, it must be brought into this condition, by cal- 
cining it, along with an alkali or an alkaline earth, at a bright red heat, when it will 
dissolve, and gelatinise in acids. Quartzose sand, however fine its powder may be, 
will form no water-mortar or lime ; but if the powder be ignited with the lime, it then 
becomes fit for hydraulic work. Ground felspar or clay forms with slaked lime no 
water-ccment ; but when they are previously calcined along with the lime, the mix- 
ture becomes capable of hardening under water. 


Hamelin's Cement is composed of ground Portland stone (roc stone), sand and litharge 
in the proportion of 62 of the first, 35 of the Becond, and 3 of the third, in 100 parts ; 
but other proportions will also answer the purpose. Considerable dexterity is required 
to make good work with it. 

Limestone, which contains as much as 10 per cent, of clay, comports itself alter cal- 
cination, if all the carbonic acid be expelled, just os pure limestone would da When 
it is less strongly burned, it affords, however, a mass which hardens prettj speedily in 
water. If the argillaceous proportion of a marl amounts to if or 20 per cent., it still 
will slake with water, but it will absorb less of it, andfo^ns a tolerably good hydraulic 
mortar, especiallyif a little good Roman Cement be added to it. When ^proportion 
of ciaj ia SB co 30 per cent, after burning, it heats but little with water nor does it 
mUke well, and must therefore he ground by stampers or an edne milEScm* • 

sssssasr ssju ^ss 
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spoiled for making hydraulic mortar after grinding to powder. When more strongly 
calcined, it forms a vitriform substance, and should, after being pnlverised.be mixed 
np with good to make a water mortar. If the marls in any locality differ much 
in their relative proportions of lime and alumina, then the several kinds shonld be 
mixed in such due proportions as to produce the most speedily setting, and most 
highly indurating hydraulio cement 

Hydraulic limes or cements require the presence of carbonate of lime with silica, 
or Bilicate of alumina, or magnesia. It is stated the dolomite calcined at a moderate 
heat exhibits the property of a hydraulic lime. 

If carbonate of lime be mixed with gelatinous silica, it forms a good hydraulic 
cement. See Silica and Stone, Artificial. 

If a hydraulic lime be calcined at too high a temperature, the silicate undergoes 
partial fusion, and will not set afterwards under water. The heat therefore employed 
for burning th<^ hydraulic limestones should only be just high enough to expel the 
water from the clay and the greater part of the carbonic acid from the carbonate of 
lime. 

Neither clay (silicate of alumina ) nor lime alone will set under water, but if wg 
carefully mix chalk and clay together and then calcine them at a moderate heat a 
good hydraulic cement is obtained. a 

Hydraulic limestones may be separated into two kinds, as indicated by their con- 
stituents. One set consists of the carbonates of the earths, these yield a fat lime ; 
the other set is composed of silicutes, or a mixture of silicates of alumina, lime, 
magnesia, or potash, although of the latter less frequently, with usually much free 
silica ; consequently these are a kind of clay. 

In burning hydraulic limestones, the silica and alumina, when the lime has once 
parted with its carbonic acid, react upon each other. The lime enters into feeble 
combination with the silica, producing a less stable compound than the original, and 
which is readily acted on by acids, which was not the case previous to burning. 

Burnt hydraulic lime is in nearly all cases soluble in acids. The presence of a 
silicate that can be decomposed by acids is proved by the formation of a thick jelly 
of silica. The property of yielding gelatinous silica by solution in acids, may bo 
regarded as one of the proofs that the limestone possesses the property of “ setting,*’ 

— becoming hard under water. 

The degree of hardness acquired by hydraulic lime varies considerably. The time 
required for hardening differs still more widely; some hydraulic cements will set in 
a few minutes, others will require weeks and mouths. The more of the aluminous 
constituents which the limestone contains the more quickly will the cement prepared 
from it solidify. 

As already remarked, too much heat in the kiln, causing partial fusion of the 
silica, destroys the hydraulic property of the lime. In technical phrase it renders 
the lime much weaker, and at last completely destroys its power as a watcr-cemenL 

Hydraulic lime should acquire a certain consistence before it is immersed in water. 

If this is not attended to, the hydraulic lime never hardens, the particles form a 
porous mass, there is no kind of agglutination ; consequently considerable care is 
required in every stage of the process of making and using hydraulic cements. 

It is impossible in this work to do full justice to this very important subject ; wc 
must therefore refer our readers to General Pasley’s works on Limes and Cements , to 
the papers of Mr. Timperly in the Transactions of the Institution of Civil Engineers , 
and to the works especially of M. M. Vicat and Belidor. See Puzzolana, Roman 
Cement. 

The following remarks on hydraulic cements, and on the preparation of a new 
and valuable kind of these cements, are abstracted from some memoirs by Lieut. - 
Colonel Scott in the Papers on Subjects connected with the Duties of the Corps of 
Jlayal Engineers . Colonel Scott’s hydraulic cement lias been extensively used with 
the best results. , 

The superiority of hydraulic mortars over pure lime mortars consists very much in 
the former containing within themselves the property of solidifying without the 
assistance of the atmosphere; while the pure lime mortars do not possess such a 
property, and in the absence of carbonic acid in the atmosphere, no solidification w\!Y 
ensue. # a ... 

Many impure limestones contain a proportion of clay (silicate of iron and alu- 
mina) intimately mingled with the carbonate of lime. By burning, the carbonic 
acid gas is expelled from them as in the case of the pure limestones, the clay assist- 
ing in its expulsion through the affinity of its silicic acid for the lime, and also part- 
ing with its own combined water. A further action then takes place : ^he silicic # 
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acid of the clay and the lime, at the high temperature of the kiln, re-act on one 
another, and either form a silicate of lime, or approximate to its formation so far that 
on the addition of water it is formed with more or less rapidity. As, however, this 
action is more perfect in the water cements, and there is much in common between 
them and the hydraulic limes, it will be better here to explain in what their differ- 
ence consists, and then to speak of them together. 

The difference between them cannot be precisely defined with reference to 
chemical composition, for there are some limestones which will yield cement or lime 
according to the temperature at which they are burned. It must rather be referred 
to the manner in which they behave when moistened with water. If a piece of cement 
be dipped in water for a few seconds until it ceases to hiss from the escape of air 
from its pores, it may become harder, or it may after a time partially break up, with 
or without sensible warmth. If a piece of fresh pure lime be similarly treated, in a 
few minutes it begins to heat and swell, and the violence of the action is such as to 
throw it abroad in a bulky impalpable powder. In the latter case one affinity only 
comes into play, that of the lime for the water ; but with the cement, a second 
affinity is in operation. By the action of the heat in the process of burning, 
the affinity of the lime for the silicic acid of the clay is brought into play, and modi- 
fies the violence of & affinity for water, and when the temperature is sufficiently 
high, the lime and the silicic acid enter into chemical combination, and the com- 
pounds so formed, on being moistened with water, pass into hydrates in a gradual 
and quiet manner, without any of the tumultuous action which is so remarkable in 
the combination of pure lime with water. 

The hydrated silicates resulting are not afterwards appreciably affected by water, 
and so much of the lime as the silicic acid can take up passes from a soluble to on 
insoluble condition, thus affording a cementing material suitable for hydraulic pur- 
poses. When the heat of the kiln is too far urged, vitrification ensues from the 
complete formation of an anhydrous silicate, and a comparatively inert substance is 
produced, which undergoes no change on being mixed with water, or will only unite 
with it after considerable periods of time. 

The hydraulic limes are intermediate between the cements and the pure limes, and 
partake of the character and mode of action of each class of substances. Thu pro- 
portion of day in them is generally smaller than in the cements, and the lime 
sufficiently predominates to produce by its violent affinity for water the degree of 
heat, expansion, and amount of vapour requisite to throw them into powder. When 
the quantity of clay, as compared with the lime, is small, the violence of the slaking 
is scarcely less than that of the pure limes, but in proportion os the clay is relatively 
larger in amount, the bent generated in combining with the water is less, and the 
lime slakes to a powder more imperfectly and with less increase of volume ; until ut 
last, on reaching the boundary of the cements, the slaking must be urged on by con- 
fining the heat generated, and the lime allowed to lie longer to ensure the completion 
of the action before it is mixed with sand and made into mortar. 

In the ordinniy kiln burning, some portions of the hydraulic limes, by too great 
heat of the charge, are brought into that condition when the silicates formed combine 
very slowly with water. The silicic acid having undergone a great modilication, the 
powders of such limes can unite and form new hydrated compounds, but by a process 
so slow that it may be measured by weeks, months, or years, instead of minutes, hours, 
and days, thereby, in badly mixed mortar, doing great injury, expansion taking pluce 
after the mortar has been laid in the work, it has been known to throw down arches, 
and lift heavy masses of masonry. 

If hydraulic lima be allowed to dry too rapidly, they will not properly harden. 

With regard to cements, some portions of a charge are often spoiled by lowness of 
temperature in burning, and thus prevent the desired rapidity of forming silicates 
and retard the solidification of the mortar without the assistance of wuter 

Besides the proportion of clay and lime, and the temperature of burn inir the on m. 
position of the clay has much to do with the rauid st*t timr i* n P* Ine com 

cements. The larger the amount of iron and of I'ydmulie limes and 

the lime and clay pass through the different stara ETa V he ,nor<J rea<li, y wil1 
cement, though temperatnre in horning haa muclm do nla, (° nn £“ on of ■ ‘Perfect 
the anme bed of chalk-marl haa been medeabydraiuc limlV n..?^ r#C ^ r ’ for fro,, ‘ 
and a cement reaembling the Portland cement. SeeuLw* V ,ck cement, 

nctiw of* thTbydranlicf'ijmea ^the^hvd'raulfc rf fl,e * low Edifying 
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the carbonate of lime in hydraulic limestones. These have been calcined by vol- 
canic heat, and though burnt cloy may produce a similar effect, it is rarely so perfect. 

Preparation of Cement . — The limestone to be employed in the manufacture of the 
cement is burnt to qaick-lime by any of the ordinary processes, avoiding over-burning, 
as usual Limes burned until they assume a blue or greenish tinge require peculiar 
and very careful treatment to fit them for the purpose. 

The quick-lime is either wheeled in barrows or carried in baskets into an oven, 
and is lud on the perforated arches forming the floor, to the depth of I foot 6 inches 
on the crown, and 8 foet over the haunches. With a large sized lime this depth 
may increase a few inches, and when the lime is very small it must be somewhat 
decreased ; or, in other words, the lime must not be so closely and deeply packed as 
to impede the draught too much. The lime-dust produced in burning the lime 
becomes usefol in making the hatches of the oven air-tight, and if there is any 
excess, it may be ground down with the cement without sensibly deteriorating its 
strength. 

When the oven is loaded, the charging hatch is closed with a double 4-inch dry 
brick wall the included Bpace being filled in with lime-dust The whole may be 
made air-tight at top by means of an opening through the crown of the arch. An 
iron door can be exaployed, and with saving of labour, but a brifck wall will generally 
be found more convenient. 

The small hatch intended to assist in cooling the oven, in order to draw the 
charge, is better closed with an iron door on hinges, the whole being made tight with 
a mixture of moistened clay and sand, technically termed ' pug.' 

If the lime employed is pure or feebly hydraulic lime, it is advisable to allow it to 
remain, with a current of air passing throagh it for a period which will vary, 
generally, with the temperature of the air, and the draught through the oven. The 
object of this is that the moistnre carried through by the air may open or split the 
lime a little, and otherwise facilitate the combination of the snlphnrons acid during 
the subsequent process, without, however, causing it to fall abroad. Whatever the 
nature of the lime operated upon, such exposure renders the process more certain, and 
should be employed whenever the tendency to slake with heat is not readily destroyed 
without it The period of exposure will vary from twelve to forty-eight hours. 
After this exposure, a fire of coke o; coal is kindled by means of a faggot of brush- 
wood on the fire ban, and a slow fire is kept up until the lime immediately over the 
arches shows a dull glow, such as is barely visible when viewed in the dark through 
the pipes shown in the sideB of the oven. The firing is then raked out, and after the 
lapse of a quarter or half an hour, according to the size of the oven, the ash-pit 1 b 
closed, and the chimney-top covered with a slate-stone, or plate of iron, until it is 
judged that the heat throughout the mass of lime is pretty well equalised. When 
coal is used, there is sometimes a little difficulty in preventing the smoke escaping 
through the fire doora after each fresh feeding of the fire, but this may be obviated 
with a little care and more frequent feeding. The flame of coal heats the charge 
more equally. A mixture of coal and coke uiay also be employed. 

The time required for heating the lime depends on so many circumstances that no 
definite rule can be laid down ; the dullest possible glow will sufficiently indicate 
when thc^rst point i6 attained, that a burner acquainted with the action of his oven 
will not require the nse of the viewing pipe at all. 

When the heat in the oven is judged sufficient, and to be sufficiently equalised, the 
aBh-pit and the chimney are opened, and iron pots containing coarse unpurified sulphur 
are pushed in on the fire baro, and placed in such a manner as to distribute the fumes 
of the burning sulphur equally. The pots may be made of wrought iron, of sufficient 
capacity to hold about 25 lbs. of sulphur each, the allowance being 15 lbs. to each yard 
of lime. A few rad-hot cinders are thrown into each pot as it is pushed in, to ignite 
the sulphnr. In ten or fifteen minutes the snlphur will he folly ignited, and its fomes 
will begin to escape through the chimneys very freely ; the chimneys should then 
be closed again perfectly, and a little clay or lime dost used to make the cover tight. 
The fire-doors and ash-pits are also to be plastered at the crevices, with the exception 
of a small opening at the bottom of each of the latter, which opening is to be 
regulated by the amoanfcof air which may be required to carry on the combustion of 
the sulphur, without allowing the sulphurous acid to escape, and such escape would 
be immediately detected by th* smell. 

When the sulphur is all consumed, which may be ascertained by looking from 
time to time, after the lapse of some hours, into the oven fire-door, the wall closing the 
halbh is thrown jdown, and all other openings made free to the passage of air, to cool ' 
the charge and oven sufficiently to allow the former to be removed. . 

The grinding is then commenced ; a few trial samples are made up with water, 
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and an examination made at the top, middle, and bottom of the charge, to obtain 
information as to temperature for future guidance* If the lime from the bottom of 
the charge, when moistened, remains quite dead on the outside of the lumps, a sort of 
crust being formed there, and at the heart the lumps retain its usual properties, this 
is a proof that the bottom portion, if not the whole charge, was too hot when the 
sulphur process was commenced ; if the upper layers still retain the usual character- 
istics of the unprepared lime, no crust being visible on the bottom portions, this shows 
that the heat at the top was not great enough, and probably that the temperature 
throughout was too low. Some pieces will always be found insufficiently prepared, but 
their effect is lost in tho mass, and the samples should be three or four in number from 
each part of the charge, top, bottom, and centre, avoiding a selection of pieces near 
the walls. If in any case the mass is fonnd insufficiently prepared, and the lower 
layers are crusted, the upper half may be removed and employed as ordinary lime, 
and the lower half gronnd down as cement If the process should be jndged to have 
been quite ineffectual, the removed portion of the charge can be replaced with fresh 
lime, and the operations of heating the lime to a faint glow, and of burning sulphur 
under it, be repeated ; with ordinary care a failure can hardly occur, and should the 
sample specimens set firmly * in pats * six inches square and half an inch thick, but yet 
grow too hot in settiiSg to be safely trusted in work, a few days' exposure on the floor 
of the shed will render the cement fit for use. It is better, however, that 1 in pats ’ of 
the above size, made up with water to a stiff consistency and without admixture of 
sand, the warmth in the setting — even when the cement iB quite fresh from the 
oven— should be barely perceptible. 

The grinding of the cement is the most serious part of the manufacture. Should 
the extent of the works justify a considerable outlay in grinding apparatus, the flour- 
mill construction is to be preferred, horizontal crashing rollers being used to reduce 
the lumps of cement to a size which the eye of the runner mill-stone can readily 
take. It is better also to sift it through a sieve, the coarse particles being again 
passed through the stones. For grinding, on the small scale, a pair of vertical wheels 
of iron or stone, turning on a pivot between them by horse power, must be resorted to. 
the sifting apparatus being attached by suitable machinery to the gearing of the 
wheel, or worked by manual labour. The wire gauze used for the sieves should have 
thirty meshes to the inch. The construction of both descriptions of mills is well 
understood by mill makers. 

When the cement is i>repared from the pure and feebly hydraulic limes, and it 
becomes necessary to impart to them properties which will enable them to resist the 
action of water, artificial or natural puzzolunas must he resorted to. If such sub- 
stances are gronnd down with the cement to a fine powder, and intimately mixed 
with the cement, one part of puzzolana will give to two parts of pure lime cement, 
by weight, the necessary degree of resistance ; but if mixture by hand labour be alone 
available, and the puzzolana be not in a fine state of division, its quantity in pro- 
portion to the cement should be increased, the amount of sand used for mortar being 
correspondingly diminished. 

The clays best adapted for the manufacture of artificial puzzolana are such as ore 
greasy to the touch. The temperature at which they ought to be calcined depends 
upon their chemical composition, but the action of the constituents is complicated, 
and actual trial must be resorted to for the determination of the most efficient degree 
of calcination. To make the trial, a portion of the clay under examination may be 
moulded into a cylinder five or six inches Jong, and one and a half inches diameter ; 
this cylinder when dried is to be exposed, the one end in a violent fire, the other on 
or near the outside of it When the more highly heated end begins to vitrify, the 
cylinder is withdrawn from the fire and divided into three or four portions, according 
to the general appearance and colour of the different parts. 

By pulverising each part, and mixing this puzzolana with the cement in the 
proportion of one part of burnt clay to two or three parts of cemcQt, by measure, it is 
easy to determine by actnal trials in water what degree of calcination gives the best 
results. To prevent the cylinder from breaking in the fire, it is moulded round a 
wire. As a general rale it will be found that clays containing limes and other 
metallic oxides, especially alkalis, become energetic at low temperatures, though they 
may alto succeed when burned at a violent heat. The poorer *lavs wiJJ only give 
good results when calcined nt a very high temperature, and they have the further 
disadvantage of being difficult to reduce to powder. 

Clay should be made ready for burning by moulding it into rounded balls of the 
size of an apple, and being left in the air to dry. A thick layer of coals is placed on 
th * ban at the bottom, then Jayen of the clay balls and coal alternately ; when the 
kiln is about two-thirds full, faggots should be placed under the bars and ignited, and 
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as the combustible is consumed, more coals and day should be added; the appearance 
of the clay will at once show whether a proper quantity of fuel has been used. 

The following is an account, by a thoroughly practical man, of the use of hydraulic 
limes in the formatioxLof concrete. It is from a paper read by George Robertson, 
C.E. before the Scottish Society of Arts, On the Concrete need in the late Exten* 
sion of the London Dock*? 

The great mass of the concrete was made with naturally hydraulic lime, blue lias 
from Lyme Regis in Dorsetshire, which requires no artificial mixture with puszo- 
lana or minion to render it capable of setting permanently under water. The word 
“ concrete ” in this paper implies, therefore, that made with blue lias lime; unless 
otherwise specified. The Dorsetshire lias was the only lime burned on the works ; 
all lias from Warwickshire or Leicestershire was bought ready burned from the* 
merchants. Lias requires much greater care in burning than richer limes, because 
any sudden or extra heat, which would do little harm to Dorking lime, greatly 
injures lias by farming a glass between the silica and the lime in the stone, instead 
of only driving off the water and carbonic acid. The combination between the Bilica 
and lime, to which lias owes its hydraulic properties, ought only to take place in the 
humid way — Lc. with the assistance of water, after the application of the lime as mortar 
or concrete. Lias comes from Lyme Regis in two different forms, the one with a 
clean conchoidal fracture, and the other of a Bholey nature, approaching in appear- 
ance even to clay state, but quite soft The shaley lias, which contains so much clay 
as to have the properties of a cement, is not so desirable as the hard clean stone, 
because it carries less Band, and is therefore more expensive. The stone cost 4s. 3 d. 
a ton when shipped at Lyme, but 10«. 9 d. before it was stacked round the kiln at 
London, which is as much as the same stone cost delivered at the works of the New 
Graving Dock at Leith. Freight to London is always heavy, for there is no steady 
return freight, like coal to, be had. Notwithstanding the high price of the stone 
delivered at Shadwell, and having to pay freight on thousands of tons of water and 
carbonic acid, to be afterwards driven off by the heat of the kiln, the engineer in 
chief of the Dock Company, the late Mr. Kendel, determined to burn the limestone 
in London, as the extra cost would be a comparatively small item in such extensive 
works. It was very desirable to have the best possible lime where concrete was to 
play so important a part. 

Two egg-shaped draw kilns of biick were therefore erected, of a total height of 
43 feet from the floor to the top of the dome, and an extreme internal diameter cf 
14 feet, contracting to 5 feet at the fire bars, and 11' 6" at 32 feet above the floor. 
The practical objection to having a less diameter than this at the top, is the dif- 
ficulty that would arise in charging the kiln with' evenly distributed 'layers of coal 
and stone tipped iu from barrows at the top through the windows in the dome. It 
has likewise been objected that a contracted top to a kiln prevents the escape of 
carbonic acid, although it has a counterbalancing advantage in confining the heat, 
and throwing it down with a reverberatory effect on the charge. This theoretical 
objection appears to be fanciful. It was found necessary, after these kilus hod been 
working for a short time, to dome the mouth over with a brick arch, to prevent s tones 
from flying into the neighbouring streets. The chimney at the top of this was only 
three feet in diameter, and yet no difference was afterwards perceptible, either in the 
time requved for burning, or in the percentage of imperfectly burned stone. On the 
other hand, there is little doubt that the dome acted economically on the coal required, 
for the average of 7,000 tons of limestone was little more than one ton of coal to 1 1$ 
of stone, the limits being 1 to 10, and 1 to 13. Carbonic acid came away freely after 
the kiln had been lighted for three hours, and it appeared to have ample room for 
escape. An average of 1 1 J tons of stone burned by one ton of coal is very high ; but 
the coal was Welsh, and cost 1 /. Is. a ton. Newcastle coal, or bituminous coal in 
general, was inadmissible ; for it was essential to have little or no smoke from kilns 
in the heart of London. At Leith, one ton of the coal of the neighbourhood appears 
to burn only six or seven tons of lias, but the coal is only one-third of the price of 
WelBh coal. The barrows of coal and properly broken stone were lifted to the top of 
the kiln by a hoist worked by the mortar mill engine, and were tipped in through 
three openings in each dome, as evenly as possible. After the kiln was lighted, these 
windows were kept closed with boiler-plate slratten. The cost of charging, including 
breaking up the stone and coal, was Is. 6d. per ton of the two when mixed in the 
kiln. Unless the demand for quick -lime was very irregular, the kilns were always 
kept lighted; but whenever they were allowed to go out, the charge of quick-lime 
was left in the kiln, as the place most free from moisture. Whenever the fire is lei 
out in draw kilns,.the next charge is nearly sure to bum irregularly, and there is a con- 
siderable loss of heat in rewanning the kiln. Draw kilns are liable to irregulant] 
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of lessening the ***** of the pipes and hydraulic machinery! by affording a pressure of 
greatly increased intensity. 

“ The apparatus thus substituted for a irater tower I named “ the Accumulator” from 
the circumstance of its accumulating the power exerted by the engine m charging it 
The accumulator is, in fact, a reservoir giving pressure by loaet instead of by elevation, 
and its use* like that of every provision of this kind, is to equalise the strain upon 
the engine in cases where the quantity of power to be supplied is subject to great and 
sudden fluctuations. ' 

« The construction of the accumulator is exhibited m fig. 979, and needs but 
little explanation, a, cylinder, n, 
plunger ; c c, loaded weight case ; 
n, d, guides for ditto ; B, pipe from 
pumping engine ; r, pipe to hydrau- 
lic machine. It consists of a large 
cast-iron cylinder, fitted with a plun- 
ger, from which a loaded weight case 
is suspended, to give pressure to the 
water injected by the engine. The 
load upon the plunger is usually such 
aB to produce a pre&ure in the cy- 
linder equal to a column of 1500 feet 
in elevation, and the apparatus is 
made sufficiently capacious to contain 
the largest quantity of water which 
can be drawn from it at once by the 
simultaneous action of all the hy- 
draulic machines with which it is 
connected. Whenever the engine 
pumps more water into the accumu- 
lator than passes direct to the hy- 
draulic machines, the loaded plunger 
rises and makes room in the cylinder 
for the surplus; but when, on the 
other hand, the supply from the en- 
gine is less, for the moment, than the 
quantity required, the plunger, with 
its load, descends and makes up the 
deficiency out of store. 

“ The accumulator also serves as 
a regulator to the engine ; for when 
the loaded plunger rises to a certain 
height, it begins to close a throttle - 
valve in the steam-pipe, so as gra- 
dnally to reduce the speed of the en- 
gine until the descent of the plunger 
again calls for an increased produc- 
tion of power. 

** The introduction of the accumulator, which took place in the year 1851, gate 
a great impulse to the extension of water-pressure machinery, which is now either 
already applied, or in course of being applied, to the purpose of cranage throughout 
all the great dock establishments in London, as also to a considerable extent in 
Liverpool and other places. I have also applied it extensively to railway purposes, 
chiefly under the direction of Mr. Brunei, who has found a multitude of cases, 
involving lifting or tractive power, in which it may be made available. Most of 
these applications are well exemplified at the new station of the Great Western 
Ifculway Company in London, where the loading and unloading of trucks, the 
hoisting into warehouses, the lifting of loaded trucks from one level to another, the 
moving of turn-tables, and the hauling of trucks and traversing machines are all 
performed, or about to be so, by means of hydraulic pressure supplied by one central 
steam-engine with connected accumulators. Mr. Rendel also, after having successfully 
adopted the low-pressure system to the working of the gates and shuttles at Grimsby, 
has since applied the high-pressure, or accumulator system, to the same purp<Mes at 
other new docks, and a similar adaptation is being made by other eminent engineers 
at most of the new docks now in course of construction. 

M I have also adapted hydraulic machinery to the opening and closing of swing- 
bridges gnd draw-bridges of large dimensions ; and, m fact, there is scarcely any 
mec h an ic al operation to which human labour has been hitherto applied as a men 
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moving power, which may not be efficiently performed by means of water-preisuie 
emanating from a steam-engine and accumulator. Even if hand-labour be retained 
as the source of the power, the intervention of an accumulator will in many cases 
both economise labour*and increase despatch. For example, a pair of heavy dock- 
gates requires the constant attendance of a considerable number of men, whose labour 
is only called into action occasionally, vis. when the gates are being opened or closed. 
Now, if an accumulator, charged by hand-pumps, were used, the labour employed 
would be constant, instead of occasional, and the power collected in the accumulator 
by the continuous process of pumping would be given out in a concentrated form, and 
tli us the ultimate result would be effected with fewer hands and greater despatch than 
where manual labour is directly applied. 

“The form of pumping-engine which 1 generally use for charging the accumu- 
lator is represented in fig. 980. It consists of a horizontal steam-cylinder, with two 
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force-pumps connected directly with Hie piston. These force-pumps arc supplied 
with water from a cistern over the engine-room, into which the water discharge \ by 
the cranes is generally brought back by a return-pipe, so that the water is not wasted, 
but remains continuously in use. 

“With a pressure representing a column of lfiOOfcet, the loss of head by friction in 
the pipes forms so smull a deduction from the entire column as to be a matter of no 
consideration, and consequently the distance at which the engine may lie situated 
from the points where the hydraulic machines may he placed is of little importance, 
except as regards the cost of the pipe. It is advisable, however, if the pipe be very 
long, to apply an accumulator at each extremity, so as to charge the pipe from both 
ends. 

“With fbgard to the mechanism of hydraulic cranes, the arrangement which I first 
adopted, and have ever since adhered to, consists of one or more hydraulic presses, 
with a set of sheaves, used in the inverted order of blocks and pulleys, for the purpose 
of obtaining an extended motion in the chain from a comparatively short stroke of 
the piston. This construction, which characterises nearly all the varieties of the 
hoisting and hauling machines to which I have applied hydraulic pressure is ex- 
hibited in fig. 981, which represents one of these presses with sheaves attached, to 
multiply the motion fourfold. In cases where the resistance to be overcome varies 
very considerably, I generally employ three such cylinders, with rams or pistons 
acting either separately or conjointly upon the same set of multiplying sheaves, 
according to the amount of power required. 

“ In hydraulic cranes the power is applied, not only for lifting the load, but also for 
swinging the jib, which latter object is effected by means of a rack or chain operating 
on the base of the movable part of the crane, and connected either with a cylinder 
and piston having alternate motion, like that of a steam-engine, or with two presses 
appl ed to produce the same effect by alternate action. 

44 The absence of any sensible elasticity in water renders the motions resulting from 
its pressure capable of the most perfect control, by means of the valves which regulate 
the inlet and outlet passages of the machines ; but this very property, which gives 
so much certainty of action, tends to cause shocks and strains to tlie machinery^ by 
resisting the momentum acquired by the moving parts. Take, for example, the case 
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of id hydraulic crane, swinging round with, a load suspended on the jib, the motion 
being- produced by the water entering on one side of a piston and escaping from the 
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other. Under such circumstances, if the water-passages be suddenly closed by the 
regulating valve, it is obvious that the piston, impelled forward by the momentum ot 
the loaded jib, but met by on unyielding body of water deprived of outlet, would be 
brought to rest so abruptly, as to cause, in all probability, the breakage of the machine. 
So also, in lowering a heavy weight with considerable velocity, if the escape -passage 
be too suddenly closed, a similar risk of injury would arise from the abrupt stoppage 
of the weight, if a remedy were not provided; but these liabilities are effectually 
removed by applying, in connection with the water -passages to the cylinder, a small 
clack-valve, opening upwards against the pressure into the supply-pipe, so as to 
permit the pent-up water in the cylinder to be pressed back into the pipe whenever it 
becomes exposed to a -compressive force exceeding the pressure on the accumulator. 
By this means all jerks and concussions are avoided, and a perfect control over the 
movement of the machine is combined with great softness of action. 

“ With regard to the kind of valves used for water- pressure machines, I find that 
either lift-valves or slide-valves may be effectually applied, and kept tight under 
heavy pressures, provided that sand be excluded from the water, and the valves be 
made of proper material. 

“ In cases where a more prolonged movement is required than multiplying sheaves 
will conveniently afford, I employ rotative machines of various constructions. For 
heart -pressures, such as an accumulator affords, an arrangement consisting of three 
plungers, connected with a triple crank, and bearing a general resemblance to a three- 
throw plunger pump, is well adapted for the purpose. The admission and exhaust 
valves are mitred spindles, pressed down by weights and levers, and lifted in proper 
rotation by cams fixed for that purpose upon a separate shaft; and these’vulves are 
associated with relicf-clacks, to obviate the concussion which would otherwise be liable 
to take place at the turn of each stroke. 

“ The liability of water-pressure machinery to be deranged by frost has often been 
adduced os an objection to its use ; and upon this point 1 may observe — first, that 1 
have never experienced any interference from this cause when the machines were 
placed, as they generally are, beneath the surface of the ground, or within a building; 
and secondly, that when they are unavoidably exposed, all risk may be prevented by 
letting out the water in frosty weather whenever the machines cease working. 

“ When the moving power consists of a natural column of water, the pressure rarely 
exceeds 250 or 300 feet, and in such cases I have employed for rotative action a pair 
of cylinders and pistons, with slide-valves, resembling in some degree those of a high- 
pressure engine, but having relief-valves, to prevent shock at the turn of the stroke. 
jPiy, 989 shows a slide-valve adapted for the turning apparatus of a crane, hut 
the relief-clacks of which are equally applicable to^a water-pressure engine of the 
construction ip question. Two of these clacks open against the pressure in the supply, 
pipe, so as to afford an escape for the water, which would otherwise be shut up in the 
cylinder when the exhaust port closes, and the other two communicate with tlic 
discharge -pipe, so as to draw in a portion of waste water to fili up the small vacancy 
which would otherwise be left in the cylinder on the closing of the admission port. 
A, supply pipe ; 1 f exhaust pipe ; c c, pipes to cylinder ; D i>, clacks opening aguiust 
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pressure ; s x t clacks opening from exhaust About four years ago I construct* d 
four hydraulic engines upon mis principle at Mr. Beaumont’s lead mines in North- 
umberland, at the instance of Mr. Sopwith, Mr. 
Beaumont’s well-known agent, and two more hare 
recently been added at tlie same place. They are 
used for crushing ore, for hoisting materials from 
the mines, for pumping water, and for driving a 
circular saw and other machinery. See Hydrau- 
uc Machinery, for mines. 

“If in progress of time railways should be ge- 
nerally extended into mountainous districts, so as 
to render them accessible for manufacturing pur- 
poses, the rapid streams which abound in such local- 
ities will probably become valuable sources of motive 
power, and a wider field may then he afforded for the 
application of water- pressure engines to natural fulls. 

“ The object, however, which I have chiefly had 
in view since 1 first gave attention to this subject, 
has been to provide, in substitution of manuai la- 
bour, a method of working a multiplicity of ma- 
chines, intermittent in their action, and extending 
over a largo area, by means of transmitted power 
produced by a steam-engine and accumulated at 
ouc central point. The common mode of commu- 
nicating power by shafting could only be applied in cases where the machines were 
collected within a small compass, and where the accumulation of power necessary 
1o meet varying resistance did not exceed that which a fly-wheel would afford. 
Compressed or exhausted air was almost equally inapplicable to the purposes I con- 
templated, in consequence of the many objections which its elasticity involves, as 
well as the liability to leakage, which, in an extended system of pipes and machines, 
requiring a multitude of joints, valves, and fitting surfaces, would form an insurmount- 
able difficulty. But tlie use of wuter os a medium of transmission is free from all 
these objections, and its fitness for tlie purpose intended is now thoroughly established 
by the results which have been obtained.” 

HYDRAULIC LIMESTONE. See Hydraulic Cemknt. 

HYDRAULIC MACHINERY FOR MINES. Considerable attention Lns been 
given to the construction of pressure engines by Mr. Darlington, who was actively 
engaged some years since in effecting the drainage of the Alport MmcR,in Derbyshire. 

The first engine erected by him had a cylinder 50 inches diameter, ami a stroke of 
1 0 feet ; the piston-rod passed through the bottom of the cylinder and form> d a con- 
tinuation with thepnmp-rod, whilst the valve and cataract gearing was worked by a 
rod connected with the top of the piston, which gave motion to a beam and plug-rod 
gearing. The column of water was 132 feet high, affording a pressure on ihe piston 
of about 58 pounds per square inch, or more than 50 tons on its area. The wuter 
was raised from a depth of 22 fathoms, by means of a plunger 42 indies diameter, 
and in vgry wet seasons it discharged into the adit nearly 5,000 gallons of water per 
minute. 'Water was admitted only on the under side of the piston, and in order to 
avoid violent concussion in working, two sets of vulvcs were employed, the larger 
being cylindrically shaped, 22 inches diameter, and the smaller 5 inches diameter. 

In making tlie upstroke of the engine the cylindrical valves admitted a full flow 
of water for about JtliB of the stroke, and then commenced closing, hut at this stage 
the small valve opened, through which passed sufficient water to terminate the stroke. 

In ibis way the flow of water in the column was gradually slackened, and finally 
brought to a state of rest without imparting impact to the machinery. The speed of 
the engine was regulated by sluice valveB, one fixed between the engine and the 
pressure column, and the other upon the discharge- pipe. 

The cylindrical valves were made of brass with a thin feather-edged beat, and kept 
tight by a concentric boss, projecting from the noxxlc, upon which hemp packing was 
laid. This was pressed down by a projection in the under surface of the valve 
bonnet The watgr thus acted on tlie exterior of the valves between the lone of 
packing and the Beatings, and when opened passed through the latter. Besides this 
engine, others 6f a different construction were designed and erected by Mr. Darlington, 
but the one to which he gave preference for simplicity, cheapness, and smoothness of 
action, is illustrated in the woodent S aefy. 982a. * 

This engine has one main cylinder a, resting on strong cast-iron bearers b b, fixed t 
across tfctrfcbaft. The piston rod c, is a continuation of the pump-rod s, and works 
through the cylinder bottom d. Iu front of the cylinder a, is a smaller oue e, with 

• S 8 2 





hydraulic machinery. 


rssssxs 5 






HYDRAULIC MACHINERY. 


629 


Moond cylinder it a aaaRAIndh auxiliary cylinder r, provided with inlet, and outlet 
reg ulating cock s. 

In starting this engine the slniee valves and regulating cocks are opened, the water 
then flows from the jffessuro-colnnm a, into the main cylinder a, through the nossle 
cylinder x, and acts under the piston h, until the upstroke is completed. The piston 
z, has a counter piston x, of larger diameter, and when relieved from pressure on its 
upper surface, the water acting between them forces it upwards, in which case the 
pressure is cut off from the main piston, and the water contained in the cylinder a, is 
free to escape under the piston i, through the holes l. With the emission of water 
from the main cylinder through v, the downs troke is effected. The downward dis- 
placement of the pistons i and k, is performed by the auxiliary cylinder v, and pistons 
n, o ; the pressure column is continually acting between these pistons, and by their 
alternate displacement by the fall-bob p, and can ti- arbor q. The water is either 
admitted or prevented from operating on the upper surface of the piston x. The water 
from the top of piston x, escapes through the aperture b. The motion of the c&nti- 
arbor 9, is effected by tappets fixed on the pump-rod s. 

The largest cylinder erected was 35 inches diameter ; stroke 10 feet, pressure column 
227 feet high. Its average speed was 80 feet, and maximum speed 140 feet per 
minute. The procure of water under the piston was 98 ponndi per square inch, giving 
a total weight on its area of about 40 tons. The machine required no personal 
attendance, the motion being certain and continuous, as long as the working parts 
remained in order ; consequently the 
cost of maintaining itwas of the most 
trifling character. 

In 1803, Trevithick erected an 
engine at the Alport Mines which 
worked continuously for a period of 
forty-seven yean, or until 1850, 
when the mines ceased working. 

The water from the pressure-column 
acted on alternate sides of the main 
piston, by means of two piston 
valves, displaced by a heavy tumbling 
beam, and tilted by a projection from 
the pump- rod. The construction and 
notion of this machine will be best 
understood by the accompanying 
illustration, Jig. 982 b. 

a, main cylinder, n and c, valve 
pistons; o, chain wheel upon the 
nxis of which is fixed a lever not 
shown, in connection with a tumbling 
beam; k, aperture through which 
water enters from pressure column ; 
f, pipe in communication with main 
cyliudeg a, and g, pipe for dis- 
charging the water admitted both 
above and under the main piston h. 

The position of the valve pistons in 
the woodcut shows that the pressure 
column is supposed to he flowing 
through the holes x, upon the piston b, 
producing a down stroke, and thut 
the water which has been introduced 
under this piston in order to make the 
npstroke is leaving through the pipe 
f, holes x, and outlet pipe o. 

The applications of pressure derived 
from natural falls hasjbeen extended 
by Sir William* Armstrong in the 
following manner. • 

When the moving power consists 
of a natural column of water, the pressure rarely exceeds 250 or 300 feet ; and in such 
cases he has employed, to produce rotary motion, a pair of cylinders and pistons, witfc 
slide valves resembling in some degree those of a high-pressure engine, but having 
relief valves to prevent shock at the return of the stroke, as shown in fa. 082. 
Where the engine is single-asting, with plungers instead of pistons, the relirf valves 
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art grtody simplified, and in foot are reduced to a single^ clack in connection with 
each cylinder, opening against the pressure, which is the same as the relief valve in 
the yalre chest of the hydraulic crane. The water pressure engines erected at Mr. 
Beaumont's lead mines, at Allenheads in Northumberland, pretent examples of such 
engines applied to natural falls. They were there introduced under the advice of 
Mr. Sopwith, and are now used for the various purposes of crushing ore, raising 
materials from the mines, pumping water, giving motion to machinery for washing 
and separating ore, and driving a saw-mill and the machinery of a workshop. In 
all these cases nature, assisted by art, has provided the power. Small streams of water, 
which flowed down the steep slopes of the adjoining hills, have been collected into 
reservoirs at elevations of about 200 feet, and pipes have been laid from these to the 
engines. 

Another application of hvdraulic machinery at the same mines is now being made 
in situations where foils of sufficient altitude for working such engines cannot be 
obtained, which from its novelty deserves special notice. For the purpose of drain- 
ing an extensive mining district and searching for new veins, a drift or level 
nearly six miles in length is now being executed. This drift runs beneath the valley 
of the Allen nearly in the line of that river, 'ahd upon its course three mining establish- 
ments are being fonnef\ At each of these power is required for tye various purposes 
above mentioned, and it was desired to obtain this power without resorting to steam 
engines. The river Allen was the only resource, but its descent was not sufficiently 
rapid to permit of its being advantageously applied to water pressure engines. On 
the other band, it abounded with falls suitable for overshot wheels, but these could 
not be applied to the purposes required without provision for conveying the power to 
many separate places. Under these circumstances it was determiued to employ the 
stream through the medium of overshot wheels in forcing water into accumulators, 
and thus generating a power capable of being transmitted by pipes to the numerous 
points where Its agency was required. 

A somewhat similar plan is also adopted at Portland Harbour, in connection with 
the coaling establishment there forming for the use of the navy. The object in that 
case is to provide power for working hydraulic cranes and hauling machines, and 
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terposed, for the pnrpoee of intensifying the prendre and diminishing the volume of 
water acting as the medium of transmission. 

A water-pressure engine has recently been erected by Mr. Darlington at the Wild- 
berg mines, in Rhenish Prussia. It drains an isolated piece of ground distant from the 
main shaft 1,800 fret To unwater this ground in the ordinary way would necessi- 
tate the sinking of a shaft from the surface to a depth of seventy fathoms, the drivage 
of sundry cross cuts to the vein, together with special erection and maintenance of 
steam-machinery. The expenditure incident to this mode of exploration would not 
only have been very considerable, but the time requisite for the execution of the 
work would have proved a serious drawback to the interest of the undertaking. 
Further, the deposit of ore to be attacked did not appear to be of sufficient magni- 
tude to justify the disbursement of any large amount of money. The principal 
workings are drained by means of a Cornish engine fitted with two powerful boilers. 
A rotary horixqptal high pressure steam-engine is placed in connection with these 
boilers, fig. 982c. Two pumps, one of which is shown at A, force water into an 



accumulator, c. The accumulator ram is mounted with two concentric boxes, d,d t 
one for affording the pumping, the other the winding, pressure. 

As the power required is of an intermittent character, the steam engine is con- 
trolled by the screw and weight, e, actuating the throttle-valve,/; and in order to 
guard against the possibility of the ram rising beyond prescribed limits, a was to 
valve, g, is operated upon by the rod and stop, A. From the accumulator, wrought- 
iron pipes A', fitted with cast-iron flanges, extend through an engine shaft 60 fothoms 
in depth, and a level 1,500 feet in length. These pipes or main . terminate in a 
reciprocating pole-engine, fig. 982 d\j 9 having a stroke or five feet ; A, A, are inlet and 
outlet regulating- valves ; /, momentum valve for obviating the concussion which 
would otherwise result from suddenly arresting the flow of the water; at, small 
slide-valve, actuated by the c anti-lever, n, and ball, o. The pump-rod is attached to 
cross-piece, q, and the pump itself is shown at a , , f . » 

To compensate for any excess of weight in the pump-rods, a balance, t, is connected: 
by means of a chain with the cross head, a. The detailed arrangement of the shaft, 
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*>, m well at the hydraulic winding-engine, it not shown, but thia machine is alio 
dependent on the accumulator for its power. The pressure applied is 750 lbs. per 
square inch. No leakage of water is experienced at the joints, and in every respect 
the performance of the apparatus is most satisfactory. c 

In tiiis arrangement, intensity of pressure takes the place of magnitude of 
volume, and the power assumes a form susceptible of unlimited distribution and 
division, and is capable of being utilised by small and compact machines. The 
writer has recently applied engines fitted with two cylinders, each l£inch diameter 
and seven inches stroke, to the winding of underground tackles or windlasses. 



% 988* shows an illustration of Armstrong's rotary wate^-pressure engine. It Is 
^rendered double acting by bringing the force to bear four times in the crank-circle. 
The cylinders are made to oscillate, and the plungers are attached directly to the 
enak-pa. A pitton is formed .at the inner end of the plunger, and water is admitted 
’b^lndthepUtoD, while the front Is placed in communication with foepressure-p/pe 
fj* “? pressure -pipe j b, the exhaust-pipe t *, governor-valve j r. o, elide valves 
for producing admission and emission to and from the cylinder, o,s>i l pressure- 
^ oommuiica^ with foe cylinders, c, », in front of the piston. The slide- 
from *** 0-c ^ ttor 7’ nwTwnents of foe cylinders, and are of the 
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HYDRAULIC PRESS, or the BRAMAH PRESS. Mr. Bramah took his patent 
in 1796. It rests upon the weU-known hydrostatical principle, that when a mass of 
fluid is in equilibrium, pressure' applied at any part of it is transmitted over its whole 
mass, and each particle sustains die same pressure as every other particle. In its 
simplest form, it consists of a large piston moving in a water-tight cylinder, the 
bottom of which is filled with water, which also communicates by tubes filled with 
water, with the bottom of the cylinder of a small forcing pump. The water in this 
last is submitted to any pressure we may wish to apply, and that being transmitted 
to the large piston, lifts it up, moving along with it whatever may be connected with 
it The apparent gain of power is just in proportion to the difference of areas of thn 
sections of the pump, and of the cylinder. If the one, for example, have a radius of 
only one-fourth of an inch, anl the others one of ten inches, the area, being in the 
proportion of the squares of the linear dimensions, will be as 1 to 1,600; and tho 
apparent gain will be exactly proportional to this difference. 

HYDRIODIC ACID {Acute Hydriodique , Fr. ; Hydriods'dure , Germ.) is on acid 
formed by the combination of 127 parts of iodine with l part of hydrogen by weight, 
and by measure equal volumes of iodine vapour and hydrogen combined without con- 
densation. It is obtained pure and in the gaseous state by introducing into a glass 
tube, closed atone end, a little iodine, then a small quantity of roughly powdered glass 
moistened with water, upon this a few small fragments of phosphorus, and lastly more 
glass ; this order, iodine, glass, phosphorus, gloss, is repeated until the tube is two -thirds 
filled. A cork and narrow bent tube are then fitted and gentle heat applied, when tho 
hydriodic acid is liberated, and may be collected in dry bottles by the displacement of 
air. A nother process is to place in a small retort 10 parts of iodide of potassium with 
5 of water, add 20 parts of iodine, then drop in cautiously 1 part of phosphorus ent 
intofmnall pieces, and apply a gentle heat ; hydriodic acid will be formed abundantly, 
and may be collected as before stated. The following equation expresses the reaction : 

2KI + 5I + P+ 8IIO yield 2KO,HO,PO* + 7HL * 

Ilydriodic acid greatly resembles hjdrochloric acid ; it is colourless, and highly acid, 
it fumes in the air, and is very soluble in water. Its density is 44, and under strong 
pressure condenses to a yellowish liquid, which solidifies at 60° Fahr. 

Hydriodic acid in solution is much more easily prepared by suspending iodine in 
water, and passing a stream of washed hydmsulpburic acid through it until the 
colour disappears ; it is then heated to expel the liydrosulphuric acid, then allowed to 
rot, when it may be decanted from tbe precipitate of sulphur. The reaction consists 
simply in the displacement of the snlphur by the iodine, HS + I=HI + 8. 

This liquid may be evaporated until it acquires a density of 17, when it consists of 
HI + llHO. It then distils at 262° Fahr. without decomposition. The solution, 
cannot be long kepi, it being decomposed by the oxygen of the air with the liberation 
of iodine, whfoh imparts a dark colour to it. Chlorine decomposes it instantly, with 
liberation of .the iodine. * , 

The solution of hydriodic acid and of the iodides possess tbe power of dissolving a 
considerable quantity of iodine, forming a dark solution.— H. KB, 
HYDROBENZOIN. A compound produced by the action of nascent hydrogen 
on benzoyl hydride— Bitter Almond OH See Beneole. , 0 % 

HYDRO-CARBONS. Compounds consisting of carbon and hydmifen only. See 
Cae b pbet te d Htokogie ; see also Watts' “ Dictionary of Chemistry.” ■ 
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HYDROBROMIC ACID. HBr. See Brovins. 

HYD RO-CARBON. See Carburbtted Hydrogen. 

HYDROCHLORIC ACID. ( Chlorkydrique, Fr. j Salxxtfn, Germ.) A compound 
of chlorine and hydrogen which is a colourless gas of a peculiar* suffocating, pungent 
odour ; it reddens vegetable blues, but possesses no bleaching properties. The solution 
of hydrochloric acid in water is the xubxitxc acid and spirit or salt of commerce j 
anciently Marine Add . 2 volumes of chlorine and* 2 volumes of hydrogen combine 
to form 4 volumes of this acid. HC1 ; eq. 36-5. It is best prepared by heating a 
mixture of 6 parts of chloride of sodium (common soft) and 10 parts of concentrated 
sulphuric acid previously diluted with 4 parts of water, in a capacious glass retort, con- 
nected with a set of Woolfe's bottles. This acid is extracted on a large scale from sea- 
salt, by the action of sulphuric acid and a moderate heat ; but it was originally obtained 
from the salt by exposing a mixture of it and of common clay to ignition in an earthen 
retort The acid gas which exhales is rapidly condensed by water. ICO cubic inches 
of water are capable of absorbing no less than 48,000 cubic inches of the acid gas, 
whereby the liquid acquires a specific gravity of 12109: and a volume of 142 cubic 
inches. This vast condensation is accompanied with a great production of heat ; 
whence it becomes necessary to apply artificial refrigeration, especially if so strong an 
acid as the above is to b^ prepared. In general, the muriatic acid pf commerce has 
a specific gravity varying from 1*15 to 1*20, and contains, for the most part, 
considerably less than 40 parts by weight of acid gas in the hundred. The above 
stronger acid contains 42-68 per cent by weight ; for Bince a cubic inch of water, 
which weighs 252-5 grains, has absorbed 480 cubic inches =188 grains of gas ; and 
252*5 + 188 « 440-5 ; then 440 5 : 188 : : 100 : 42-68. In general a very good approxi- 
mation may be found to the percentage of real muriatic acid, in any liquid sample, by 
multiplying the decimal figures of the specific gravity by 200. Thus, for example, at 
1*162 we shall have by this rule 0-162 x 200 =324, for the quantity of gas in 100 
parts of the liquid. Muriatic acid gas consists of chlorine and hydrogen combined, 
without condensation, in equal volumes. Its specific 1 gravity is 1*247, air - 1-000. 

By sealing up muriate of ammonia and sulphuric acid, apart, in a strong glass tube 
re-curved, and then causing them to act on each other, Sir II. Davy procured liquid 
muriatic acid. He justly observes, that the generation of elastic substances in close 
vessels, cither with or without heat, offers much more powerful means of approximating 
their molecules than those dependent on the application of cold, whether natural or 
artificial ; for as gases diminished only ^ in volume for every degree of Fahrenheit's 
scale, beginning at ordinary temperatures, a very slight condensation only can be 
produced by the most powerful freexing mixtures, not half so much as would result 
from the application of a strong flame to one part of a glass tube, the other part being 
of ordinary temperature -, and when attempts are made to condense gases into liquids 
by sudden mechanical compression, the heat instantly generated presents a formidable 
obstacle to the success of the experiment ; whereas, m the compression resulting from 
their slow generation in dose vessels, if the process be conducted with common pre- 
cautions, there is no source of difficulty or danger ; and it may be easily assisted by 
artificial cold, in cases where gases approach near to that point of compression and 
temperature at which they become vapours. — Phil Trans . 1823. 

The muriatic acid of commerce has usually a yellowish tinge, but when chcnpcally 
pure it is colourless. It fumes strongly in the air, emitting a corrosive vapour of a 
peculiar smell. The characteristic test of muriatic acid in the most dilute state, is 
nitrate of silver, which causes a curdy precipitate of chloride of silver. 

The preparation of this acid upon the great scale is frequently effected in This 
country by acting upon sea- salt in hemispherical iron pots, or in cast-iron cylinders, 
with concentrated sulphuric acid $ taking 6 parts of the salt to 5 of the acid. The 
mouth of the pot may be covered with a slab of siliceous freestone, perforated with 
two boles of about two inches in diameter each, into the one of which the acid is 
poured by a fiinnel in successive portions, and into the other, a bent glass, or stone- 
ware tube, is fixed, for conducting the disengaged muriatic gas into a series of large 
globes of bottle glass, one-third filled with water, and laid on a sloping sand-bed. A 
week is commonly employed for working off each pot ; no heat being applied to it ti.'l 
* the second day. , 

The decomposition of sea-salt by sulphuric acid was at one tim* carried on by 
some French manufacturers in large leaden pans, 10 feet loag, 5 feet brood, and a foot 
deep, covered with sheets of leads, and luted. TTie disengaged acid gas was made to 
circulate in a conduit of glased bricks, nearly 650 yards long, where it was condensed 
by a sheet of water exceedingly thin, which flowed slowly in the opposite direction of 
thfe gas down a slope iff 1 in 200. At the end of this canal nearest the apparatus, the 
^muriatic acid was as strong as possible, and pretty pure ; but towavds the other end, 
the water jrns hardly acidtuoos. The condensing part of this apparatus was therefore 
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tolerably complete \ bat as the decomposition of the salt could uot be finished In the 
leaden pane, the acid mixture had to be drawn out of them, in order to be completely 
decomposed in a reverberatory Ann ace ; in this way nearly 50 per cent, of the 
muriatic acid was loft And besides, the great quantity of gas given off during the 
emptying of the lead-chambers was apt to suffocate the workmen, or seriously itnured 
their lungs, causing severe hemoptysis. The employment of muriatic acidis so 
Inconsiderable, and the loss of it incurred in the preceding process is of so little 
consequence, that subsequently, both in France and in England, sulphate of soda, for 
the soda manufacture, has been procured with the dissipation of the muriatic acid in 
the air. In the method more lately resorted to, the gaseous products are discharged 
into extensive vaults, where currents of water condense them and carry them off into 
the river. The surrounding vegetation is thereby saved in some measure from being 
burned up, an accident which was previously sure to happen when fbgs precipitated 
the floating gases upon the ground. At Newcastle, Liverpool, and Marseilles, where 
the consumption of muriatic acid bears no proportion to the manufacture of soda, 
this process is now practised upon a vast scale. 

The apparatus for condensing muriatic acid gas has been modified and changed, of 
late years, in many different ways. 

The Bcutringvg apparatus. At the end of a reverberatory fernace, rectangular lead 
trough or pan, about 1 foot deep, of a width equal to that of the interior of the furnace, 
that is, about 5 feet wide, and 6j feet long, is encased in masonry, having its upper 
edges covered with cast-iron plates or fire tiles, and placed upon a level with tho 
passage of the flame, as it escapes from the reverberatory. The arch which covers 
that pan forms a continuation of tho roof of the reverberatory, and is of the same 
height The flame which proceeds from the furnace containing the mixture of salt 
and sulphuric acid is made to escape between tho vault and the surface of the iron 
plates or fire tiles, through a passage only 4 inches in height When the burned air 
and vuponra reach the extremity of the pan, they arc reflected downwards, and 
made to return beneath the botlofa of the pan, in a flue, which is afterwards divided 
so as to lead the smoke into two lateral flues, which terminate in the chimney. The 
pan iB thus surrounded as it were with the heat and flame discharged from tho 
rcverberatoiy furnace. A door is opened near the end of the pan, for introducing 
the charge of sea-salt, amounting to 12 bags of 2 cwt. each, or 24 cwt. This door is 
then luted on as tightly as possible, and for every 100 parts of salt, 110 of snlphurio 
acid are poured in, of specific gravity l ‘594, containing 57 per cent of dry acid. 
This acid is introduced through a funnel inserted in the roof of the furnace. Decom- 
position ensneB, muriatic acid gas mingled with steam is disengaged, and is conduct <1 
through 4 stone- ware tubes into the refrigerators, where it is finally condensed. Them 
refrigerators consist of large stone- ware carboys, called dame-jeannes in France, to the 
number of 7 or 8 for each pipe, and arranged so that the neck of the one communi- 
cates with the body of the other ; thus the gas must traverse the whole series, and gets 
in a good measure condensed by the water in them, before reaching the last. 

When the operation is finished, the door opposite the pan is opened, and the 
residuum in it is discharged, in the form of a fluid magma, upon a square bed of 
bricks, exterior to the furnace. This paste speedily concretes on cooling, and is then 
brokeq into fragments and carried to the soda manufactory. The immense quantity 
of gas exhaled m discharging the pan, renders this part of the operation -very painful 



to the workmen, and wasteful in reference to the production of muriatic acid. The 
difficulty of luting securely the cast-iron plates or fire tiles which cover the pan, the 
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impossibility of completing the decomposition of the sell) since the residuum must be 
run off in i liquid state, finally, the damage sustained by the melting and corrosion of 
the lead, are among the causes why no more than 80 or 00 parts of muriatic acid 
at 1*170 are collected, equivalent to 25 per cent of real acid for every 100 of salt em- 
ployed, instead of much more than double that quantity, which it may be made to 
yield by a well conducted chemical process. 

The cylinder apparatus is now much esteemed by many manufacturers.' Fig. 983 
represents, in transverse section, a bench of iron cylinder retorts, as built up in a proper * 
furnace for producing muri- 
atic acid ) and Jig. 984 a longi- 984 

tndinal section of one retort 
with one of its carboys of con- 
densation. a is the grate ; b, 
a fireplace, in which two iron 
cylinders, c c, are set along- 
side of each other. They are 
5} feet long, 20 inches in dia- 
meter, about £ of an inch 
thick, and take 1 6 art of 
salt for a charge ; d is the ash- 
pit ; e e are cast-iron lids for 
closing both ends of the cylin- 
ders ; /is a tube in the pos- 
terior lid, for pouring in the 
sulphuric acid; g is another 
tube, in the anterior lid, for 
the insertion of the bent pipe 
of hard glased stoneware h ; 

< is a three-necked stone-ware carboy $ A is a tube' of safety ; U & tube of communi- 
cation with the second carboy ; m m m n are the flues leading to the chimney n. 

After the salt has been introduced, and the fire kindled, 83^ per cent of its weight 
of sulphuric acid, of sp. gr. 1*80, should be slowly poured into the cylinder through 
a lead funnel, with a siphon-formed pipe. The three-necked carboys may be either 
placed in a series for each retort, like a range of Woulfe’a bottleR, or all the carboys of 
the front range may be placed in communication with one another, while the last car- 
boy at one end is joined to the first of the second range ; and thus in succession. They 
must bo half filled with cold water ; and when convenient, those of the front row at 
least, should be plunged in an oblong trough of running water. The acid which con- 
denses in the carboys of that row is apt to be somewhat contaminated with sulphuric 
acid, muriate of iron, or even sulphate of soda ; but that in the second and third will be 
found to be pure. Iu this way 100 parts of sea-salt will yield 130 parts of muriatic 
acid, of sp. gr. 1 19 ; while the sulphate of soda in the retort will afford from 208 
to 210 of that salt in crystals. 

It is proper to heat all the parts of the cylinders equally, to insure the simultaneous 
decomposition of the salt, and to protect it from the acid ; for the hotter the iron, and 
the stronger the acid, the less erosion ensues. . 

Some manufacturers, with the view of saving fhel by the construction of their fhr- 
naces, oppose to the flame as many obstacles as they can, and make it perform numerous 
circulations round the cylinders ; but this system is bad, and docs not even effect the 
desired economy, because the passages, being narrow, impair the draft, and become 
speedily choked up with the soot, which would be burned profitably in a freer space ; the 
decomposition also, being unequally performed, is less perfect, and the cylinders are 
more injured. It is better to make the flame envelope at once the body of the cylinder; 
after which it may circulate beneath the vault, in order to give out a portion of its 
caloric before it escapes at the chimney. 

The fire should be briskly kindled, but lowered as soon as the distillation com- 
mences ; and then continued moderate till the evolution of gas diminishes, when it 
mnst.be heated somewhat strongly to finish the decomposition. The iron door is now 
removed, to extract the sulphate of soda, and to recommence qnother operation. This 
sulphate ought to be white and uniform, exhibiting in its fracture»no undecomposed 
sea-salt. • 

Liquid muriatic acid has a very sour corrosive taste, a pungent suffocating smell, and 
acts very powerfhlly upon avast number of mineral, vegetable, and animal substances. 
Jt is muon employed for making many metallic solutions ; and in combination with 
nitric acid, it forms the aqua regia of the alchemists, so called from its property of dis- 
solving gold. See Soda Manctacturjb, 
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Tail* of Hydrochloric Acid, by Dr. Ure. 



HYDROCYANIC ACID. Syn. Cynnhydric acid, Pnuutic acid, C*NH. This 
highly important acid is regarded by all chemists as being formed on the exact type 
of the ordinary inorganic hydracids, such as the hydrochloric or hydriodic. The 
compound radical analogous to chlorine, which is contained in it, has received the 
name^if cyanogen, and possesses the formula C*N. That this body is precisely 
analogous in its relations to the simple salt radicals is rendered certain by numerous 
facts. It combines directly with metals to form compounds ; it possesses the same 
vapour volume, and unites with hydrogen to form a hydracid, which in its turn 
decomposes the metallic oxides with formation of water. Thus we have, with metallic 
oxides and hydrochloric acid (M standing for a metal), MO + HCWMC1 + HO, and 
with hydrocyanic and metallic oxides (Cy standing for cyanogen), MO + HCy «= MCy 
+ HO. Two volumes of chlorine and two of hydrogen yield four volumes of hydro- 
chloric acid gas, and two volumes of cyanogen with two of hydrogen yield four 
volumes of hydrocyanic acid. The density of the vapour of hydrocyanic acid is 
consequently 0 9476. The theoretical number being 0 a 9342. Its density in the fluid 
state is 0‘6967 at a temperature of 64*4°. It boils at 80° F. at ordinary pressures. 

Hydrocyanic acid is never prepared in the anhydrous state except as a curiosity 
or for the purpose of scientific investigation. In fact it cannot be long preserved of 
great strength;^ somewhat complex decomposition invariably taking place m it, 
with production of brown jidhcsivc matters containing cyanide of ammonium, and 
algo a substance by some considered to be an acid, and known as the aiulmic. Para- • 
- - "" constitution of ainlmic acid u by 

as a definite chemical substance 
mineral acid greatly retards tub 
e i the pharmacopceian acid conse- 1 
well filled and closely stoppered 


cyanogen is probably formed at the same time, 
no means well known, and even its very existence, 
is doubtful. It is singular that the presence of a 
decomposition of prussic acid, especially if it be djlut 
quently may be preserved of uniform strength, in 
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bottles, fce almost any length of time. The deadly nature of prussic acid Unhappily 
causes it to be only too frequently resorted to by the despairing or the murderer, 
fortunately, however, in spite of its volatility, the chemist possesses excellent means 
hr its -detection, c 

Preparation*- 1. Hydrated acid. As prussic acid is largely employed in medicine, 
but in a very dilute lbnn,.it is usual to prepare it and dilute until of the proper degree of 
strength. The following process for preparing it will be found to give a satisfactory 
result, and, moreover, it may be performed on any quantity of materials. The apparatus 
for the purpose will vary with the scale on which the experiment is to be made. If on 
a few ounces, glass retorts and flasks answer well, if good condensation is ensured, by 
means of a Liebig’s condenser well supplied with very cold water. If a huge quantity 
of prussic acid is to be made, such as several gallons, the apparatus should consist of 
a stoneware still, with head adjusted by grinding. The head should be capable of 
adjustment with a stoneware adapter to a worm of the same material enclosed in a 
tub of water. The joints are to be luted with a mixture of one handfol of almond 
meal and five handfofs of linseed meal, worked with water to the consistence of putty. 
A solution of rough chloride of calcium in water is to be made and placed in a large 
iron pot, with a cover so contrived as to permit the still to drop in up to the flange. 
10 parts of yellow prusjjate of potash are then to be bruised in a qiortar and mixed 
with dilute sulphuric acid prepared by adding 6 parts of sulphuric acid (density 1*850) 
to 48 of water. The head being luted on, a fire is to be kindled in the fornace 
under the iron pot, and the chloride of calcium bath is to be kept boiling constantly 
until 86 parts of acid have distilled over. The beak of the still should be placed in 
the fonnel which conducts the acid to the Winchester quart bottleB which are to 
contain the product, and a piece of wet bladder is to be stretched over the funnel to 
prevent evaporation of the acid into the laboratory. The worm used for the purpose 
must be ascertained to be perfectly clean, and, if prussic acid is to be frequently made, 
should be kept specially for that operation. To each Winchester quart of the acid 
distilling over, one drop of sulphuric acid may be 'added to insure its keeping. But 
the acid thus prepared generally keeps for a long time even without this precaution, 
owing probably to small traces of the sulphuric acid being carried over during the 
distillation. 

It is quite impossible to conduct the operation so as to yield a product of uniform 
strength ; it is absolutely necessary, therefore, to determine the percentage of real 
hydrocyanic acid, and dilute it to the required degree. It fortunately happens that 
1 grain of hydrocyanic acid yields almost exactly 5 grains of cyanide of silver ; for 
one equivalent of acid « 27 produces 1 equivalent of cyanide of silver — 134; so that 
87 : 134 :: 1 : 4*96. The acid produced will have, probably, to be reduced to one of 
two standards ; namely, the so-called Scheele's strength, containing 5 per cent of acid, or 
the P.L , containing 8 per cent ; 100 grains of the former should, consequently, yield 
25 grains, and 100 of the P.L. 10 grains of cyanide of silver. In either case the cal- 
culation becomes obvious. 

2. The anhydrous acid. Several processes for conducting this dungerons operation 
are known ; the following is, perhaps, the most generally convenient A large glass 
retort is so arranged that its neck is directed upwards at an angle of about 45°; 
a cork fitted to the aperture in the neck connects a glass tube with a bottle confining 
a little chloride of calcium. From the latter vessel another tube proceeds to a U tube 
containing fragments of chloride of calcium, and from the latter a third, conducting 
the dehydrated vapour of prussic acid to an upright glass tube contained in a mixture 
of ice and salt Into the retort is placed a mixture of 10 parts of yellow prussiote of 
potash, 7 of oil of vitriol, and 14 of water. The retort is to be heated with a charcoal 
fire, and the temperature of the bottle and U tube, containing the chloride of calcium, 
is not to be allowed to fall below 90°, in order to prevent condensation of the anhy- 
drous prussic acid taking place anywhere except in the tube contained in the freeiiog 
mixture. The vapour of anhydrous prussic acid is so dangerous that the greatest 
precaution must be taken to prevent inhaling the smallest portion. 

Detection qf pnt&mc acid .— When prussic acid exists in moderate quantity in a 
solution it may be detected by first adding a few drops of potash, then a mixture of 
protosulphate and persulphate of iron, and finally a little hydrochloric acid ; a bright 
blue precipitate indicates the presence of the acid. A much nfore plicate test, and 
one that is applioable when, from the dilution of the solutjpn, the salts of iron are no 
.longer capable of acting is by the conversion of the prussic aeid into sulphoeyanide 
of a mmonium . For this purpose the prussic acid is to be warmed on a watch glass 
with a drop of sulphide of ammonium, until the solution has become colourless. The 
a&dition or a trace of a solution of a persalt of iron will show, by the formation of a 
Wood red oolour, the presence of the acid sought A very neat mode of applying 
inis test is to place one drop of sulphide of ammonium on a watch glass inverted over 
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another containing the inspected fluid. On leaving the apparatus in a warm placet 
arranged in tibia manner, for a short time, the upper glass will be found to contain 
sulphocyanide of ammonium, which, after drying, will be in a state well adapted for 
showing the reaction 'toifo a persalt of iron. — C. G. W. 

HYDRODYNAMICS. The mechanical science which treats of the motion of 
fluids. This science has, of course, most important bearings on the pumping-engines, 
water-wheels, &c^ employed to facilitate the operation of the miner. It is not how- 
ever possible to embrace this, which belongs to mechanical engineering, in this work. 

HYDRO -EXTRACTOR. A name sometimes given to foe machines employed 
for expelling foe water from woven goods. See Desiccation. 

HYDROFLUORIC ACID. It was observed by Scwankhardt, in 1670, that fluor 
spar and oil of vitriol would eat into glass. Scheele, in 1771, determined that this 
peculiar property was due to the liberation of an acid from foe fluor spar. 

Hydrofluorickacid is best obtained by placing finely powdered fluor spar in a leaden 
retort, and twice its weight of highly concentrated oil of vitriol. By a gentle heat 
the gas is distilled over, which must be collected in a leaden tube, in which, by means 
of a freezing mixture, it may be condensed into a liquid. If a solution of tills acid in 
water is required, the extremity of the tube from foe retort is carried into water. 

Hydrofluoric &<jjd attacks glass with great readiness, by acting on its silica. 

Glass upon which any design is to be etched, is covered with an etching wax, and 
the design made in the usual manner ; this is placed over a leaden vessel, in which 
is a mixture of fluor spar and oil of vitriol ; a gentle heat being applied, hydrofluoric 
acid escapes, and immediately attacks foe glass. See Fluorine. 

HYDROGEN. (Eng. and Fr. ; Wasserntoj f. Germ ) A permanently gaseous ele- 
mentary body, the lightest of all known substances, its specific gravity being *0693 ; 
100 cubic inches weighing, under ordinary pressure and temperature, only 214 grains. 

It is therefore nearly 14*5 times lighter than atmospheric air. 

From its extreme lightness it was formerly used for filling balloons, but it has been 
superseded for that purpose by ordinary cooT gas, which can bo obtained at a much 
cheaper rate ; the difference of buoyant power being compensated by increasing 
considerably the size of the balloon. It is itself inflammable, but will not support 
combustion. In burning it combines with oxygen forming water, which contains Jfo 
of its weight of hydrogen. 

It is generally prepared by fo« action of dilute sulphuric acid on zinc, although 
there are many other processes which furnish it ; as the decomposition of steam by 
iron filings with the aid of heat, the decomposition of water by electricity, &c. 

In the act of combining with oxygen, as when burnt in foe oxyhydrogen blow- 
pips, the greatest possible heat is obtained ; a piece of stout platinum wire Wing fused 
when placed in the flame, which cannot be affected by the greatest heat of our 
furnaces. 

Hydrogen is often nsed in the process of soldering metals; in which case it 
is requisite to bring the two surfaces of the metul together in a perfectly metallic 
state at a high temperature. Hydrogen effects this completely : by its combustion 
it supplies the heat, and by entering into combination with the oxygen of the air, 
prevents foe formation of oxides, which are so easily formed at foe temperature 
required for the melting of the metals, and which, when present, prevent foe union 
of foe iiiflrfaces. See Autogenous Soujering. 

Hydrogen is often used also for the reduction of metals from their different com 
binationB ; foe reduction is effected by passing a current of hydrogen over foe com- 
pounds heated to redness. 

Its use in reducing ores on foe large scale has been proposed, but as yet it has not 
been practically applied. 

HYDROGEN, PHOSPHORETTED or PH08PII AMINE. A compound of 
hydrogen and phosphorus, PH3. It is spontaneously inflammable when allowed 
to escape into foe air. See Watts' * Dictionary of Chemistry." 

HYDROGEN, SULPHURETTED. See Sulphuretted Hydrogen. 

HYDROMETER. An instrument for ascertaining foe specific gravities of liquids. 
Baumc’s hydrometer, which is mnch nsed in France, and other countries of the con- 
tinent of Europe, when plunged in pure water, at the temperature of 68° Fahr., 
marks 0 upon its scale; in a solution containing 16 per cent, of common salt 
(chloride of sodium), and 86 of water by weight, it marks 15°; so that each degree 
is meant to indicate a density corresponding to one per cent of that salt See 
Alcgholmeter and Areometer. . . 

HYDROPHANE. A variety of opal which readily imbibes water, and when „ 
immersed it becomes transparent, though opaque when dry. It isfound in Hungary 
and in Ireland, near foe Giant’s Causeway, and at CrMreagh, Bally wimn. 

HYDROSTATICS. The science which treats of foe equilibrium of fluids, and of 
foe^ pressure exerted by them. 
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In (he engineering Arrangements by which water is Bundled to towns, hydrostatics 
becomes of the utmost importance The highest possible level is obtained for the 
reservoir j and from this a series of pipes is arranged through all the streets and 
houses. The tendency of (he water is to rise to its original ie/el, and hence all the 
pipes are filled with water, and in all such' as are below the level of (he water in the 
reservoir a pressure upward is exerted equal to (he height of (he reservoir above 
that point i and if a hole is pierced in the pipe, (he* water jets out with a force equal 
to (his pressure. In the highest houses, the water perhaps only finds its level; and 
flows out without pressure quickly. See Hydraulic Machinery tor Mines ; 
Hydraulic Crane. 

HYDROSULPHURETS. Chemical compounds of bases with sulphuretted 
hydrogen, or hydrosulphuric add. 

HYGRQMETER ( 6 yp 6 1 , moist, y&rpw, measure ), is an instrument which measures 
the amount or degree of moisture in the atmosphere. 0 

Water, both liquid and solid, always tends to assume the gaseous form, and in so 
doing exerts an elastic force increasing as the temperature rises, but in a higher 
ratio, and in order (hat such increasing force may be exerted when water is confined 
in a given space, it is necessary (hat a larger and larger quantity of water should 
become vapours if tho weight of water be not increased, its ekqpc force will rise 
with its temperature, but in a much leu ratio. For aqueous vapour, like any other 
gas, tends to expand by ^jk-th part of its volume at 82° Fahr. for every degree of 
increased temperature. The terms saturated and of maximum elastic force aru 
applied to aqueous vapour, when any reduction of temperature or increase of 
preuure causes some of the vapour to be condensed. The temperature of saturated 
vapour is said to be at the dew-point. Thus, aqueous vapour of 60° Fahr. and of an 
elastic force of 518 inches is saturated, and 60° is its dew-point. These remarks 
apply to aqueous vapour mixed with air ; differing only in vapoor spreading leu 
rapidly in a space filled with air than in a vacuous space. Air is said to be saturated 
with moisture when the aqueous vapour' it contains is of maximum elastic forces the 
temperature of the air is then called its dew-point. 

Daniell's hygrometer was the first accurate instrument invented of the kind: it 
consists of a small glau siphon, at each end of which is a thin glass bulb about 
l£ inches in diameter, a small but delicate thermometer is placed in the longer leg, 
as much ether is poured into the lower bulb, which is of black glass, as will half 
cover the enclosed thermometer bulb ; before sealing (he tube the ether is boiled to 
drive out all the air ; the instrument is completed by covering the upper bulb with 
muslin. It is placed on a small brass stand, on which is fixed another thermometer 
whose readings show the air-temperature, at the time the siphon shows the dew- 
point To make an observation, all the ether in the tube is collected into the lower 
bulb, and from a tube or bottle a few drops of ether are poured on the muslin of the 
upper bulb, its evaporation condenses the vapour within, fresh vapour flows along 
the bent tube from (he lower bulb, gradually the temperature is reduced, until the 
dew-point of the surrounding air is reached, immediately a film of condensed 
vapour from the air surrounds the black glass bulb like a ring at (he level of (he 
ether within it, and if the thermometer be read directly, almost the true temperature 
of (he dew-point can be obtained, while the exterior thermometer will give that 
of the surrounding air. The expenditure of ether is an objection tojthis instrument, 
while its portability is a great recommendation. 

Subsequently, several other hygrometers have been devised, but none (hat can 
compare with Regnault's Condenser Hygrometer, which is a perfect instrument of 
its kind. It consists of a very thin ana brightly polished silver thimble, 45 mm. 
high and 20 mm. in diameter, fitted to a glass tube, which is again fixed by a small 
lateral tube, and a metallic tube, to a stand ; the upper end of the glass tube is closed 
by a cork bearing a thin glass tube descending nearly to the bottom of the silver 
thimble, and a very delicate thermometer, the pear-shaped bulb of which is in the 
centre ef the thimble; an exactly similar thermometer, similarly placed within a glass 
tube and silver thimble, is mounted on the other side of the stand, but the cork is 
not penetrated by any glass tube. To make an observation, as much good ether as 
will more than a third fill the thimble is poured into the lesser tube of those first 
described ; the cork is (hen fitted air-tight and the instrument is nut in connection, 
by means of a caoutchouc tube, with a common aspirator. Water flowing from the 
* aspirator, air la drawn through the tube, and bubbling up through (he ether, causes 
a sufficiently rapid evaporation. After a minute or two dew will be formed on the 
p polished surface of the thimble, the thermometer should be instantly read, and (he 
stream from the aspirator stopped, another reading should be taken on the instant 
of the evaporation of (he dew; within a few minutes the process of collecting and 
evmpirating the dew may be repeated many times, and the mean of repeated readings 
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will give a very exact point The other thermometer will give the surrounding tem- 
perature. The costliness of this instrument has prevented the general nse it deserves, 
instrument makers have rendered it less costly by omitting the second thermometer 
and its appendages, and substituting a tube of black glass for the silver thimble. For 
ordinary use a common test-tube, with about 1| inch depth of ether, in which is 
inserted a delicate tube-thermome te r, and a glass tube may be need successfully by 
blowing through the tube, which*should be of considerable length to reduce the 
temperature. Professor Connell has invented an hygrometer, where an exhausting 
syringe is used to lower the temperature. 

A more important instrument than either of the above-mentioned is the psychro- 
meter, or wet and dry bulb hygrometer. While with the others the constant repetition 
of an experiment is necessary, this reduces it simply to the reading of an obeerea- 
tkm. It consists df two delicate thermometers, one recording the ordinary tempera- 
ture of the air, $e bulb of the other is covered with muslin, round the neck a lamp- 
wick is twisted, conducting to a cistern of rain or distilled water, the best form of 
which is a short small-necked glass bottle. The thermometers should be exactly 
similar and placed at about from 2 to 4 inches apart, and parallel with each other, 
mounted on metal scales. 

When the air is qpmpletely saturated, or in that condition wften it will take up no 
more moisture, the readings of the two will be the same, but as the atmosphere 
becomes drier, evaporation becomes more rapid and the mercury in the wet bulb 
will fell more or less degrees below the ordinary temperature. Evaporation will 
proceed from the wet bulb even below the freezing point, but the readings should 
then be taken with great care, as the differences will always be small. The 
reading of the wet bulb will give the temperature of evaporation, and from that 
and the temperature of the ordinary air has to be deduced the dew point 

HYMENCEA COURBARIL. A tree growing in South America, from which 
the resin animS exudes. 

HYPEROXYMURI ATE8. Th£ old and incorrect name of Chlorates. 

HYPOCHLOR1C ACID. CIO 4 . Eq. 67*5. When finely powdered chlorate of 
potash is gradually mixed into a paste with strong sulphuric acid, and heated in a bath 
of alcohol and water, a yellow gas i" disengaged which is this hypochloric acid, or 
the peroxide of chlorine. Although of much interest as a chemical compound, it has 
no use in the arts. See Watts* 11 Dictionary of Chemistry.” 

HYPOCHLOROUS ACID. CIO. Eq. 4IV5. This acid is best obtained by diffusing 
red oxide of mercury finely divided through twelve times its weight of water, which 
is introduced into a bottle containing chlorine, and agitated until the gas is absorbed. 
An oxychloride of mercury is formed, which is removed by subsidence. The weak 
fluid obtained is put into a flask, and heated in a water bath, when the evolved gas is 
collected in a smaller portion of water, which becomes a pure solution of hypochlorous 
acid. 

The salts are termed hypochlorites. See Chlorine and Bleaching. 

HYPOSULPHATES. Saline compounds formed by the union of hyposulphuric 
acid with bases. 

HYPOSULPHITES. Saline compounds formed by the union of hyposulphurous 
acid with bases. 

Hypoeulflhate of Soda. The salts of the hyposulphuric acid are obtained from the 
hyposulphate of manganese, which is itself thus prepared : finely divided binoxide of 
manganese is suspended in water, artificially cooled, and a stream of sulphurous acid 
passed through it The binoxide gives up half its oxygen, becoming protoxide, 
which unites with the hyposulphuric acid which is formed, producing the soluble 
hyposulphate of manganese, which is separated from the excess of binoxide by filtra- 
tion. 

The following equation represents the reaction 

MnO* + SSO" - MnO,S”0» 

If the temperature were allowed to rise, sulphuric acid would be formed, and not 
hyposulphuric : — 

, MnO 1 + 490* — 3100,80*. 

The hyposulphurid acid, unlike the hyposulphurous add, may be obtained in the 
free state, and its solution permits even of being evaporated m vacuo, until it acquires 
the density of 1*847 ; but if carried farther, it is decomposed into sulphuric and 

{he add is obtained'in the free state by adding baryta water to the hyposulphate 
of manganese; the soluble hyposulphate of baryta, filtered from the oxide of man- 
ffanes& and precipitated exactly by the cautious addition of sulphuric acid, and fll- 
a Vol. 1L T T 
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tered from the precipitate of snlphate of baryta, yields the pore eolation of the acid, 
which may be evaporated in vacuo, a e above stated. 

It has no odour, bat a very sour taste. 

The hyposulphate of soda may be made directly from the gaanganese salt or from 
the free acid. 

All the hyposnlphates are soluble ; they have not as yet met with any commercial 
application. • 

Hyposulphite of Soda. This salt, now so extensively used for photographic pur- 
poses, was first ‘introduced by Sir J. HerscheL It may easily be prepared by the 
following process : via. by transmitting through a solution of sulphide of sodium 
(prepared by fhsing together in a covered crucible equal weights of carbonate of soda, 
and flowers of sulphur), a stream of sulphurous acid until it ceases to be absorbed ; 
the liquid- is then filtered and evaporated, when the hyposulphite of soda (NaO.S^O 51 
+ fiHO) crystallises out 

Another and perhaps better process consists in digesting a solution of sulphite nf 
soda on flowers of sulphur. The sulphur gradually dissolves, forming a colourless 
solution, which yields on evaporation crystals of hyposulphite of soda ; the reaction 
being shown by the following equation : — 

' NaO.SO* + S - NaO,S*0*. f 

The baryta salt may be obtained in small brilliant crystals, by mixing dilute 
solutions of chloride -of barium and hyposulphite of soda. 

The hyposulphurous acid is incapable of existing in the free state, for almost imme- 
diately on the addition of an acid to the solution of its salts, it is decomposed into 
sulphurous acid, with liberation of sulphur. (8*0* — 80 s + 8.) 

The soluble hyposulphites have the power, in a marked degree, of dissolving certain 
salts of silver, os the chloride, iodide, &c., which are insoluble in water ; forming 
with them soluble salts, whose solutions possess an intensely sweet taste, although 
the solutions of the hyposulphites alone possess a disagreeable bitter taste. 

From the above reaction arises the principal value of the hyposulphite of soda, 
which is used by the photographer to dissolve off from the photograph, after the 
notion of the light on it, all the undecomposed silver salt, thus preventing the further 
action of the light on the picture. 

A double hyposulphite of soda and gold is used for gilding the daguerreotype plate, 
and for colouring the positive proof obtained in photographic printing. This double 
salt may he obtained in a state of purity, by mixing concentrated solutions of 1 part 
of chloride of gold, and 3 parts of hyposulphite of soda ; by the addition of alcohol it 
is precipitated ; the precipitate must be re-dissolved in a small quantity of water, 
and agam precipitated by alcohol. Its formation is explained by the following equa- 
tion : — 

8(Na0,S*O‘)+ AuCl 1 - 2(NaO,S l O* + Au0 f S’0*,3(Na0 1 S*0*) + 3NaCL 

V J l V ) ‘ , 1 

Totralhionato ot Hyposulphite of soda and gold. Chlnr. 
soda. of Bodium. 

H. K. B. 

HYSON. A green tea. See Tea. 


L 

IBEX. An animal of the goat kind, the hair of which is esteemed for some kinds 
of manufacture. 

ICE. Water begins to solidify or to become icc at 32° of Falir. 

ICEHOUSE. ( Glacihrt , Fr.; Misha* s, Germ.) For the uses of common life, in 
these climates, the most economical and convenient means of refrigeration in hot 
weather may be procured by laying up a store of ice in winter, in such circumstances 
as will preserve it solid during summer. 

An icehouse should not be regarded as an object of mere luxury ; in the southern 
countries of Europe it is considered among people in easyueircumstances as an indis- 
pensable appendage to a country mansion. During the dog days, especially at those 
periods and In those districts where the sirocco blows, a lassitude and torpor of mind 
and body supervene, with indigestion or total loss of appetite, and sometimes dysen- 
teries, which axe obviously occasioned by the excess of heat, and are to be prevented 
or counteracted chiefly by the use of cold beverages. By giving tone to the stomach, 
ieed drinks immediately restore the functions pf the nervous and muscular systems 
when they are languid ; while they enable persons in health to endure without much 
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inconvenienoe an atmosphere bo close and sultry as would be intolerable without this 
remedy. Icehouses, moreover, afford to country gentlemen a great advantage in 
enabling them to preserve their fish, butcher meat, dead poultry, and game, which 
would otherwise, in particular states of the weather, immediately spoil. Considering 
at how little expense and trouble an icehouse can be constructed, it is surprising that 
any respectable habitation in the country should not have one attached to it The 
simplest and most scientific form il a double cone, that is, two cones joined base to base ; 
the one being of stones or brick-work, suiflk under ground, with its apex at the bottom, 
into which the ice is rammed ; the other being a conical roof of carpentry covered 
with thatch, and pointed at top. The entrance should be placed always on the north 
side ; it should consist of a corridor or porch with double doors, and be screened 
from the sunbeams by a small shrubbery. Such are the principles upon which an 
icehouse should be formed ; but they will be better understood by the following ex- 
planation and jgure. 

A dry and sandy soil if possible should be selected ; and here a cavity is to be dug 
about 16 feet in diameter, terminating below like the point of a sugar loaf. Its 
ordinary depth for a fhmily may be about 24 feet ; but the larger its dimensions are, 
the longer will it preserve the ice, provided it be filled. In digging, the workman 
should slope the ground progressively towards the axis of tlfb cone, to prevent the 
earth falling in. This conical slope should be fhced with brick or stone work about 
one foot thick, and jointed with Homan cement, so as to be air and water-tight. A 
well is to be excavated, at the bottom 2 feet wide and 4 deep, covered at top with an 
iron grating for .supporting the ice, and letting the water drain away. 

The upper cone may likewise be built of brick-work, and covered with thatch ; such 
a roof would prove the most durable. This is the construction shown in Jig. 985. 
'Whatever kind of roof be preferred, there most be left in it an oblong passage into 
the interior. This porch should face the north, and be at least 8 feet long by 2j feet 
wide ; and perfectly closed by a well-fitted door at each end. All round the bottom 
of this conical cover, a gutter shoflld be placed to carry off the rain to a distance 
ftrom the icehouse, and prevent the circumjacent ground from getting soaked with 
moisture. 

Fig. 985 shows the section of a well-constructed icehouse. Under the ice cham- 
ber a the ice is rammed into the space b. c is the grate of the drain sink d. The 
portion x e is built in brick or Btone ; the base L of the ice- chamber slopes inwards 
towards the centre at a The npper part of the brick-work x e is a little way below the 
level of the ground. The wooden framework 
r r r r forms the roof, and is covered with thick 
thatch, o H is the wooden work of the door L At 
k the bucket is seen for lifting np a charge of ice, 
by means of the cord j passing over the pulley v, 
which enables the servant to raise it easily. 

The icehouse should have no window to admit 
light ; bat be, so to speak, hermetically sealed in 
every point, except at its cesspool, which may 
terminate in a water trap to prevent circulation of 
air. 

A cleA day should be selected for charging the 
icehouse ; but before beginning to fill, a quantity 
of long dry straw should be laid on the bottom 
crosswise ; and as the ice is progressively introduced, 
straw is to be spread against the conical sides, to pre- 
vent the ice from coming into contact with the brick 
or stone-work. The more firmly compacted the ice 
is, the better does it keep ; with which view it should 
be broken into pieces with mallets before being 
thrown in. No layers of straw should be stratified 
among the ice, for they would make its body porous. 

Some persona reoommend to pour in a little water 
with the successive layers of ice, in order to fill up its small crevices, and convert the 
whole into one mass. * 

Over the top layer a thick bqd of straw should be spread, which is to be covered 
with boards surmounted with heavy stones, to close np the interstices in the straw. 
The inner and outer door should never be opened at once j but the one should always 
be shat before the other is opened. 

Dry snow well rammed keeps equally well with hard ice, if care be taken to leave 
no cavities in the mass, and to secure its compactness by sprinkling a little water upon 
the successive charges. 
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ILLUMINATION. 


To facilitate the extraction of the lee, a ladder is eet np against its sloping wall at 
one side of the door, and left there daring the season. 
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ICE MANUFACTURE. See FanBiDra 

ICELAND MOSS (Lichen <T Islands Fr.; Id&ndimhs Flechte , Germ.) is a lichen, 
the Cetraria Idandica , which contains a substance soluble in hot water, but forming a 
jelly when it cools, styled Uckenine by M. Guerin. This moss is called in the Pharma- 
copoeia Lichen Idandwus . It appears to have derived its name from the circumstance 
that the Icelanders first discovered its medicinal qualities. Liohenine is prepared by 
extracting first of all from the plant a bitter colouring matter, by digesting 1 pound 
of it in 16 pounds of cold water containing one ounce of pearl-ash; then draining the 
lichen, edulcorating with cold water, and boiling it in 9 pounds of boiling water, till 
8 pounds be evaporated. The jelly which forms, upon oobling the filtered solution, 
is dark coloured, but, 1 being dried and redissolved in hot water, it 'becomes dear and 
colourless Lichenine consists of 39 ’33 carbon, 7*84 hydrogen, and 56*48 oxygen. 
The mucilage of Iceland moss is preferred in Germany to common paste for dressing 
the warp of webs in the loom, because it remains soft, from its hygrometric quality. 
It is also mixed with the pulp for siring paper in the vat. For several curious com- 
pounds obtained from Iceland moss, see Watts’ “ Dictionary of Chemistry.” 

ICELAND SPAR. Crystallised carbonate of lime, of which the most beautiful 
specimens are bronght from Iceland. These are remarkable for their double refrac- 
tion ; and hence this crystal is sometimes called double refracting spar. 

IDW ALE-STONE. A peculiar Welsh hone, stone. It is obtained from the older 
slate rocks of the Snowdon district 

ILIXANTHINE. A substance derived from the leaves of the common holly, 
which might be employed for dyeing yellow. 

ILLOOPA OIL. The produce of the Bassia longifoUa , one of the most useful 
trees grown in India. The oil might be denominated a butter, as it is solid from 
89° to 84° Fahr. and liquefies at 90° to 95° Fahr. It is used in India fbr illumi- 
nating purposes, and for the manufacture of soap. Samples of this oil were sent to 
the International Exhibition of 1862, by the Singapore Local Committee. 

ILLUMINATION. The means of determining the relative values of various sources 
of illuminating power. 

It is often of the utmost importance that we should be enabled, with facility, to 
determine the relative values of the light which we obtain from artificial sources. 
The only way in which this can be effected, is by comparing with some standard 
source of light the illuminating sources employed. Dr. Ure, who was on several 
occasions called on to direct his attention to inquiries of this nature, instituted many 
very ingenious and exact experiments ; to some of these it appears important that we 
should direct especial attention. Of the original paper on the cost of illumination, 
many parts are now obsolete; but as much of it is still of considerable practical value, 
the following selections have been made, all such being distinguished by Dr. Ure’s 
name. After many experiments to determine a standard. Dr. Ure says : — 

“ After comparing lights of many kinds, I find every reason to conclude that a large 
wax candle of three to the pound, either long or short, that is, either 18 or 15 inches 
in length, as manufactured by one of the great wax-chandlers of London, and fur- 
nished with a wick containing 87 or 28 threads of* the best Turkey cotton, is capable 
of famishing a most uniform, or nearly invariable standard of illnmmation. It affords 
one-tenth or the light emitted by one of the Argand lamps of the Trinity House, and 
one-eleventh of the light of my mechanical lamp, when each lamp is to bum 
with its maximum flame, short of smoking.” 

Dr. Ure, however, for many of his determinations employed the French wuw»Ti ft T n>ni 
lamp, known as Camel's lamp ; and in connexion with this the following remarks 
occur: — K 

u Mr. Samuel Parker, long advantageously known to the public fbr his sinumbral 
and pneumatic fountain lamps, as well as other inventions subservient to domestic 
oomfort, having obtained a patent fbr anew lamp, in which the oil is heated by a very 
simple contrivance, in the cistern, to any desired degree, before arriving at the wick 
I instituted an extensive series of experiments to determine its value in the production 
of light, and consumption of oil, compared to the value of other lamps, as well as 
candles, in these respects. 

In Jl g. 986 a, ▲, b, b, is a section of the cylinder which constitutes the cistern ; 
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the oil being contained between the inner and outer cylinders, and receiving heat from 
the flame of the lamp which passes up through the inner cylinder, and is rever- 
berated more or less against its sides by the top of the metal chimney being notched 
and bent back, d is a slide-valve, which is opened to allow the oil to descend to the 
wick, and is dint when the cistern is to be separated from the pipe of supply, at h, 
for the purpose of recharging it with oiL The flame is modified, not by raising or 
lowering the wick, as in common lamps, but by raising or lowering the bell-mouthed 
glass chimney which rests at its bottom on three points, and is moved by means of 
the rack-work mechanism r. The concentric oylindric space a, a, and b, b, contains 
a pint imperial, and should be made entirely fall before lighting the lamp ; so as to 
leave no air in the cistern, which, by its expansion with the heat, would inevitably 
cause an overflow of the oiL 

The following arrangement was adopted in these experiments for determining the 
relative illumination of the different lights. Having trimmed, with every precaution, 
my French mechanical lamp, and charged it with pure sperm oil, I placed it upon an 
oblong table, at a distance of 10 feet from a wall, on which a white sheet of paper was 
stuck. One of Mr. Parker’s hot-oil lamps, charged with a quantity of the same oil, 
was placed upon the same table ; and each being made to bgrn with its maximum 
brilliancy, short of smoking, the relative illumination of the two lamps was determined 
by the well-known method of the comparison of shadows ; a wire a few inches long, 
and of the thickness of a crow-quill, being found suitable for enabling the eye to esti- 
mate very nicely the shade of the intercepted light It was observed in numerous 
trials, both by my own eyes and those of others, that when one of the lamps was 
shifted half an inch nearer to or further from the paper screen, it caused a perceptible 
difference in the tint of the shadow. Professor Wheatstone kindly enabled me to verify 
the precision of the above method of shadows, by employing, in some of the experi- 
ments, a photometer of his own invention, in which the relative brightness of the two 
tights was determined by the relative brightness of the opposite sides of a revolving 
silvered ball, illuminated by them. 

98fi 



], The mechanical lamp was fhrnisbed with a glass chimney 1*5 inch in diameter 
at the base, and 1*9 at top; the wide bottom part was 1*8 inch long, and the narrow 
upper part 8 inches. When placed at a distance of 10 fee t from the wall its light there 
mmj be fvtTi"riM as the square of this number, or 100. In the tint series of experi- 
mqpts, when burning with its wwvhnnm flame, with occasional flickering! of smoke. 
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it emitted a light equal to that of 11 wax candles, and consumed 912 grains of oil per 
hour. - The sperm oil was quite pare, having a specific gravity of 0*874 compared to 
water at 1000. In a subsequent series of experiments, when its light was less flickering, 
and equal only to that of 10 wax candles, it consumed only 815 grains, or 0 1 164 of a 
lb. per hour. If we multiply this number into the price of the oil (8a. per jgallon) 
per ibw lid, the product l*2804d will represent the relative coat of this illumination, 
estimated at 100. , 

2. The hot-oil lamp burns with a much steadier flame than the mechanical, which 
moat be ascribed in no small degree to the rounded slope of the bell-mouthed glass 
chimney, whereby the air is brought progressively closer and closer into contact with 
the outer surface of the flame, without being furiously dashed against it, as it is l>y the 
rectangular shoulder of the common contracted chimney. When charged with sperm 
oil, and made to burn with its maximum flame, this lamp required to be placed one 
foot farther from the screen than the mechanical lamp, in order that its*shadow should 
have the same depth of tint Hence, its relative illumination was, in that case, as the 
square of 11 to the square of 10j or as 121 to 100. Yet its consumption of oil was 
only 696 grains, or somewhat less than 0*1 of a lb. per hour. Had its light been 
reduced to 100, it wonljl have consumed only 576 grains per hour, or *082 of a lb. If 
wc multiply this number by lid, the product 0*902d will represent the relative cost 
of 100 of this illumination. 

3. The hot-oil lamp being charged with the southern whale oil, of specific gravity 
0*926, at 2s. 6d per gallon, or 3 fd. per lh, when burning with its maximum flame, 
required to be placed 9 feet and 1 inch from the screen to drop the same tint of shadow 
upon it as the flames of the other two lamps did at 10 and 1 1 feet with the sperm oil. 
The square of 9 feet and 1 inch — 82 is the relative illumination of the hot-oil lamp 
with the southern whale oil It consumed 780 grains, or 0*111 of a pound per hour; 
but had it given 100 of light it would have consumed 911 grains, or 0*130 of a pound, 
which number being multiplied by its price Sjd, the product 0*4875d will represent 
the relative cost of 100 of this light 

4. A hot-oil lamp charged with olive oil of specific gravity 0*914, at 5s. 6d per 
gallon, or 7}d per lb. when burning with its maximum flame, required to be placed 
at 9 feet 6 inches, to obtain the standard tint of shadow upon the screen. It con- 
sumed 760 grains per hour. The square of feet is 90£, which is the relative inten- 
sity of the light of this lamp. Had it emitted a light — 100, it would have consumed 
840 grains, or 0*12 of a pound per hour — which number multiplied by the price per 
pound, gives the product 0*9dL as the relative cost of 100 of this light. 

5. A hot-oil lamp charged with Price and Co.*s cocoa-nut oil (oleine), of specific 
gravity 0*925, at 4s. 6 d. per gallon, or 5 \d. per lb., had to be placed 9 feet from the 
screen, and consumed 1035 grains per hoar. Had its light been 100 instead of 81 (9 s ), 
the consumption would have been 1277 grains, or 0*182 of a pound per hour! which 
number multiplied by its price per pound, the product 1*03 Id. will represent the cost 
of 100 of this illumination. 

6. In comparing the common French annular lamp in general use with the me- 
chanical lamp, it was found to give about one-half the light, and to consume two-thirds 
of the oil of the mechanical lamp. 

7. Wax caudles from some of the most eminent wax-chandlers of the nptropolis 
were next subjected to experiment ; and it is very remarkable that, whether they were 
threes, fours, or sixes in the pound, each afforded very nearly the same quantity of 
light, for each required to be placed at a distance of 8 feet from the screen to afford 
a shadow of the same tint as that dropped from the mechanical lamp, estimated at 100. 
The consumption of a genuine wax candle, in still air, is, upon an average of many 
experiments, 125 grains per hour, but as it affords only ^ of the light of the me- 
chanical lamp, 11 times 125 — 1375 grains, or 0*1064 of a pound is the quantity that 
would need to be consumed to produce a light equal to that of the said lamp. If we 
multiply that number by the price of the candies per lb.— 8&£ the product -5*892<£ 
is the cost of 100 of illumination by wax. A wax candle, three in the pound (short), 
is one inch in diameter, 12 inches in length, and contains 27 or 28 threads, each 
about ^ of an inch in diameter. But the quality of the wick depends upon the capil- 
larity of the cotton fibrils, which is said to be greatest in the Turkey cotton, and 
hence the wicks for the best wax candles are always made with cotton yam imported 
from the Levant. A wax candle, three in the pound (long), is Z of an inch in diameter, 
15 inches long, and has 26 threads in its wick. A wax candle, six to the pound, is 9 
inches long, } of an inch in diameter, and has 22 threads in its wick. The light 

1 of this candle may be reckoned to be, at most, about fj less than that of the threes in 
the pound. A well-made short three burns with summing regularity in still air, being 
at the rate of an inch in an hour and a half, so that the whole can d l e will last 18 hours. 
A long three will last as long, and a six about 9$ hours. Sp. gr. of wax— 0*960. 

8. A spermaceti candle, three in the pound, is £ of an inch in diameter, 15 inqjhes 
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long, and has a plaited wick, instead of the parallel threads of a wax candle. The 
same candles four in the pound, are ft of an inch in diameter, and 13£ inches long. 
Each gives very nearly the same quantity of light as the corresponding wax candles : 
vis. X of the light of tne above mechanical lamp, and consumes 148 grains per hour. 
Multiplying the last number by II, the product, 1562 grains— 0-223 of a pound, would 
be the consumption of spermaceti requisite to give 100 of illumination. Multiplying 
the last number by 24dL, the price hf the candles per pound, the product, 5 3524 is the 
relative oost of 100 of this illumination. * 

9. Stearic acid candles, commonly called German wax, consume 168-5 grains, or 
0-024 of a pound per hour, when emitting the same light as the standard wax candle. 
Multiplying the latter number by 11, and by l&tL (the price of the candles per lb.), the 
product 4*224 <L will represent the relative cost of 100 of this illumination. 

10. Tallow candles : moulds, short threes, 1 inch in diameter, and 12£ in length i 

ditto long threes, of an inch in diameter, and 15 in length ; ditto, long fours, £ of 
an inch m diameter, and 13} in length. Each of these candles burns with a most un- 
certain light, which varies from ^ to of the light of the mechanical lamp — the average 
may be taken at fa The threes consumes each 144 grains, or 0 2 of a pound, per hour ; 
which number, multiplied by 14, and by 9 d. (the price per pound), gives the product 
2*52dL for the relative cost flf 100 of this illumination. • 

1 1. Palmer's spreading wick candles. Distance from the screen 3 feet 4 inches, 
with a shadow equal to the standard. Consumption of tallow per hour 232*5 grains, 
or 0 0332 of a pound. The square of 3 feet 4 inches— 11*9 is the relative illumina- 
tion of this candle— 11*9 : 0*3332 :: 100 -.0*28 x lOdL— 11*9 is the relative cost of 
this illumination. 

12. Cocoa-nut stearine candles consumed each 168 grains per hour, and emitted a 
light equal to ^ of the standard flame. Multiplying 168 by 16, the prodnet 30*88 
grains, or 0*441 of a lb., is the quantity which would be consumed per hour to afford 
u light eqpal to 100. And 0*441 multiplied by 10rf., the price per lb., gives the pro- 
duct 4'441dL as the cost of 100 of this illumination per hour. 

13. A gas Argand London lamp, of 12 holes in a circle of f of an inch in diameter, 
with aflame 8 inches long, afforded a light— 784 compared to the mechanical lamp: 
and estimating the light of the said mechanical lamp as before at 100, that of the 
hot-oil lamp is 121, and that of the above gas flame 78*57, or in round numbers 80, 
and the common French lamp » general use 60. 

Collecting the preceding results, we shall have the following tabular view of the 
cost per hour of an illumination equal to that of the mechanical lamp, reckoned 100, 
or that of eleven wax candles, three to the pound. 


Table of Cost per Hour of One Hundred of Illumination. 

Pence. Fence. 


1. Parker’s hot-oil lamp, with southern whale oil 

2. Mechanical or (Parcel lamp, with sperm oil 

3. Parker’s hot-oil lamp, with sperm oil 

4. Ditto ditto common olive oil 

' 5. Ditto ditto cocoa-nut oleine or oil 

6. Fqpnch lamp in general use, with sperm oil 

7. Wax candles - 

8. Spermaceti candles .... 

9. German wax (Stearic acid) ditto - 

10. Pulmer*8 spreading wick candles - 

11. Tallow (mould) candles - 

12. Cocoa-nut stearine of Price and Co. 



The following table contains, according to Peclet, the illuminating powers of dif- 
ferent candles, and their consumption of material in an hoar ; tlio light emitted by a 
Cared Argand lamp, consuming 42 grammes (—42 x 15 J grains) in an hour, being 
called 100.* — 


Intensity of Light. Consumption per Hour. 


• 

Tallow candles 6 in lb. - • - 
Stearine, or pressed tallow, 8 in lb. - 

■ - , 5 in lb. 

Wax candles, 5 in lb. - 
Spermaceti, 5 in lb. - - - ( • 

Stearic acid, commonly called stearine, 
5 in 11>. 



8*51 
7*51 
7*42 
8*71 
8 92 

9*33 
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The sutyoined Hble show* the economical ratios of the candles, where the seeond 
column gives the quantity of material in grammes which is requisite to produce as 
much light as the Caroel lamp: — 



Quality of 
Material. 

r 

Price per Kilo- 
gramme. 

Coat of Light per 
Hour. 

Tallow candle, 8 per IK - 

70*85 

It 40 e. 

9*8 0. 

■ — , 8 per lb. - 

85*92 

1 £ 40 0. 

12*0 o. 

Pressed tallow, 5 per lb - 

98*93 

it 40c. 

237 c. 

Wax candle, 5 per lb. 

64*04 

It. «0 0. 

48 6 c. 

Spermaceti ditto, 5 per lb. 

61*94 

It toe. 

47*8 e. 

Stearine, 5 per lb. - 

65*24 

1 1 

87*1 c. 


These resalts may be compared with mine given above. A kilogramme, or 1000 
grammes =■ 1 6,440 grains— 2f lbs. avoirdupois. tire. 

The role observed in the determination of these questions of illuminating power, 
is, according to the lf.ws of optics, that the sum of the impinging rays from any 
source, is inversely as the square of the distance from their source. 

M The numerical estimation of the degrees of intensity of light constitutes that 
branch of optics which is termed Photometry. 

M If light be a material emanation, a something scattered in minute particles in all 
directions, it is obvious that the same quantity which is diffused over the surface of a 
sphere concentric with the luminous points, if it continue its course, will successively 
be diffused over larger and larger concentric spherical surfaces ; and then its intensity, 
or the nomber of rays which mil on a given space, in each will be inversely as the 
whole surfaces over which it is diffused j that is, inversely as the square of their radii, 
or of their distances from the sonrceof light . . *1 . Let a candle be placed behind an 
opaque screen, full of small equal and similar boles : the light will shine through 
these, and be intercepted in all other parts, forming a pyramidical bundle of rays, 
having the oandle in the common vertex. If a sheet of white paper be placed behind 
this, it will be seen dotted over with small luminous specks, disposed exactly as the 
holes in the screen. Suppose the holes bo small, their number so great, and the eye 
so distant from the paper, that it cannot distinguish the individual specks, it will still 
receive a general impression of brightness ; the paper will appear illuminated, and 
present a mottled appearance, which, however, will grow more uniform aa the holes 
are smaller and closer, and the eye more distant, and if extremely so, the paper will 
appear uniformly bright. Now if every alternate hole be stopped, the paper will 
manifestly receive only half the light, and will therefore be only half as much illumi- 
nated ; and caterie paribus the degree of illumination is proportional to the number of 
holes in the screen, or to the number of equally illuminated specks on the surface ; i. e. 
if the speck be infinitely diminished in sise, and infinitely increased in number to 
the number of rays which fall on it from the original source of lijght.” ( HerscheL ) 
Reasoning thus, Sir John Herschel proceeds and establishes the following definitions : — 

The real intrinsic brightness of a luminous object is the intensity of the light of 
each physical point in its surfhee. * 

The apparent intrinsic brightness of any object or luminary is the degree of illumi- 
nation of its image or picture at the bottom of the eye. 

The absolute light of a luminary is the sum of the areas of its elementary portions, 
each multiplied by its own intrinsic brightness. 

The apparent light of an object is the total quantity of light which enters our eyes 
from i^ however distributed on the retina. 

Various instruments, called photometers, have been devised to measure the illumi- 
nating power of any body ; these are, all of them, more or less defective, and the 
results which we obtain with the best of them are merely comparative with etch 
other. 

Bonguar's photometer consisted of two lur&ees of white paper, of exactly equal site 
and reflective power, cut from the same piece in contact j these are illuminated, the 
one by the light whose illominating power is to be measbred : and the other by a 
light whose intensity can be varied at pleasure by an increase of distance, and can 
therefore be exactly estimated. The variable light is* to be removed or approached, 
till the two aorfooea are judged to be equally bright, when the distances of the 
luminaries being measured, or otherwise allowed for, the measure required is 
ascertained. 

JRumfbrcTs photom et er. Before a screen of white paper, in a darkened room, is placed 
a blackened cylindrical stick, and the two lights to he compared .are so placed that 
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two shadows are thrown upon the screen side fcy side, with an interval between *bf»n 
about equal in breadth to either shadow. The brighter flame must then be removed, 
or the feebler brought nearer to the screen, till the two shadows appear of equal in- 
tensity, when their distances from the lights most be measured, and their total illu- 
minating powers will be in the direct ratio of the squares of the distances. 

JRitchi/s photometer consists of a rectangular bos, about an inch and a half or two 
inches square, open at two endM It is blackened within to absorb the extraneous 
light within, in c lined at angles of 45° tb its axis, are placed two rectangular pieces 
or plain looking-glass, cut from one and the same rectangular strip ; these are fastened 
so as to meet in the middle of a narrow slit, about an inch long, and an eighth of an 
inch broad, which is covered with a slip of fine tissue or oiled paper, and aUaokened 
card prevents the reflected images from mingling. If we would compare two lights, 
they must be placed at such a distance from each other, and from the instrument be- 
. tween them, that the light from every part of each shall fall on the reflector next it, 
and be reflected to the corresponding portion of the paper. The instrument is then to 
be moved nearer to the one or the other, till the paper on either side of thedivision ap- 
pears equally illuminated. When the lights are thus exactly equalised, it is dear that 
the total illuminating powers of the luminaries are directly as the squares of their dis- 
tances from the npMle of the instrument. • 

Wheatstone's photometer is a small sphere with a reflecting surface, which being 
placed between the two lights, each light is seen on it by the spectator, the two being 
reflected from different points of the sphere's surface. By an ingenious but simple 
mechanical contrivance, a rapid looped motion is communicated to the ball, and by 
the principle of the persistence of impressions, the spectator immediately sees two 
looped curves of different brightnesses. The brighter light is removed until these curves 
seem of the same brightness, and the intensities of the luminous points axe then as the 
squares of the distances. 

Bunsen's photometer consists of a sheet of cream coloured letter paper, rendered 
transparent over a portion of the Airface by a mixture of spermaceti and rectified 
naphtha, which is solid at common temperatures, but becomes liquid on the application 
of a very gentle heat The mixture is liquefied and painted over the paper with a 
brush, leaving a round disc of the sise of half a crown in the centre uncovered. When 
a light is placed on one tide of the paper a dark spot is observed on the uncovered 
portion. When another light is placed on the other tide of the paper, the spot is still 
distinctly visible, if the distance of the light is such that the reflected portion from the 
paper be either of greater or of less intensity than that transmitted. When the paper is 
so situated between the two flames that the transmitted and reflected light are of the 
same intensity, the uncovered Bpot is no longer visible. 

It will be evident from these descriptions that it is possible only, by any of these 
contrivances, to compare one light with another; there is not any arrangement by 
which we are enabled to express absolutely the illuminating power. Upon the prin- 
ciple of comparison, and comparison only, the following tables have been constructed 
by the relative experimentalists. The observations of P&slet have been already given. 
The following comparative view of wax and stearine candles manufactured in Berlin, 
which have been deduced from the observations of Schubarth, is of much value. . 


m 

Kind of candles, and whence obtained. 

Relative 
intensity of 
light. 

Consumption 
in one hour, 
in grammes. 

Relative 

illuminating 

power. 

. Common wax candles, of 
Tannhinser - - - 

Wax candles, of Walker - - 

Stearine candles, of Motard - ■ 

Stearine candle^ of Slag- 
net and Oehmiehen - •- 

Stearine candles, from the 
same makers - - 

Candles made from palm oil - ■ 

r4’s 

6*8 
Ifi’s 
f 4's 
6’s 
S’S 
4*8 
6's 
f 8*s 
4*8 
6’s 
8*1 
6*8 
8’s 
l 4’s 

6*S 

8*S 

1035 

91*0 

10(H) 

182*7 

120*8 

118*1 

117*4 

111*8 

121*0 

189*5 

132-7 

125-0 

116*1 

146*0 

124*5 

115*8 

167-5 

7-877 

7-178 

6*562 

9-398 

8*082 

7*182 

9*427 

9-888 

7- 877 
10-63 

9-398 

8- 506 
8-871 
8*886 
9*880 
9*178 
8*813 

85*20 

88-20 

100-0 

92*66 

97-69 

104-1 

81- 74 
78*28 

100*7 

86*11 

92*66 

96-54 

85-86 

108-0 

82- 67 
82-56 

113-70 
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IMPORTS AND.JBXPORTS. 

These results show ns tbit the mean illuminating power of wax and stearins 
candles is nearly the same. 

The illuminating power of gases and of gas homers will be found m the article. 
Goal Gas. 

ILMENITE. Titanitbrous Iron. See Iron and Titanium. 

IMPERMEABLE is the epithet given to any kind of textile fkbric, rendered 
water-proof by one or other of the fallowing substances: — 

1. Linseed oil, to which a drying quality has been communicated by boiling with 
litharge or sugar of lead, &c. 

8. The same oil holding in solution a little caoutchouc. 

& A varnish made by dissolving caoutchouc in rectified petroleum or naphtha, 
applied between two surfaces of cloth, as described under Macintosh's patent See 
Caoutchouc. 

A Vegetable or mineral pitch, applied hot with a brush, as in making tarpauling 
for covering goods in ships. 

fi. A solution of soap worked into cloth, and decomposed in it by the action of a 
eolation of alum ; whence results a mixture of acid, fats, and alumina, which insinuates 
itself among all the woolly filaments, fills their interstices, and prevents the passage 
of water. * * 

6. A solution of glne or isinglass, introduced into a stuff, and then acted upon by a 
clear infosion of galls, whereby the fibres get impregnated with an insoluble, imper- 
meable, pulverulent leather. 

7. Plaster work is rendered impermeable by mixing artificial or natural asphaltum 
with it 

IMPORTS AMD EXPORTS. Memorandum by the Inspector General of 
imports and exports as to the method adopted fbr ascertaining the “ Real Value” of the 
imports into tbe United Kingdom, issued by the Statistical Department of the 
Board of Trade in April 1864. 

The “ Real Value n of the imports into the United Kingdom — a term repeatedly 
employed in this work — as shown in the Statistical Accounts published under the 
authority of the Government, is ascertained as follows : — 

1. In the case of certain articles — of those, namely, in regard to which the tariff 
prescribes that their value (either with or without a specification of quantity) shall 
be stated in the entry inwards at the Custom House — it rests on the declaration of the 
importers. 

If the officer of Customs to whom such declaration of value is tendered should 
see reason to question its correctness, he is entitled to require further evidence on the 
point, or he may satisfy his doubts by an examination of the goods. 

The articles of which the value is ascertained by this method, however, are but 
few compared with the whole number of those included in the Statistical Registry, 
and they are generally of minor importance. 

S. In the case of the more numerous and more considerable articles which are 
entered at the Custom House by quantity alone, the value exhibited in the Statistical 
Record is obtained by means of a process of computation which combines the 
quantity with the average prices of the several commodities. 

The average prices thus employed are supplied to the Inspector-General of Imports 
and Exports, in part by some of the leading merchants and brokers of the city of 
London, who willingly aid an operation so obviously serviceable to the public ; in 
part by three gentlemen, who have special facilities for watching the course of the 
markets, and who receive a fixed remuneration from the Treasury for collecting 
such prices in the ports of London, Liverpool, and Hull, respectively. 

In striking the average price for each article, regard is had to the specific distinc- 
tions under which it is exhibited in tbe tariff — these distinctions being of necessity 
observed also in the Statistical Registry — and not being in every instance identical 
with those which are commonly recognised in mercantile transactions. 

As the same article, in many cases, varies widely in its market value, according to 
tbe country of which it is the produce, separate prices, applicable to the importations 
from the different countries, are in such cases required. 

The rules which are required to be kept in view in fixing the average prices will 
appear more distinctly on reference to the annexed copy of an explanatory note 
which was addressed to the merchants and brokers from whom assistance was sought 
at the time when tbe registry of “ Real Value” was first established. 

When the prices obtained from different sources are found to disagree, such dis- 
i agreement, unless it be referable to some known cause, is made the subject of a care- 
ful investigation before the average Is finally adjusted. 

The average price of an article being fixed for a particular pionth for the ports of 
London and Liverpool separately— and, in the case of certain descriptions of mer- 
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ohandise, for the port of Hull also— the quantity imported into each of the porta is 
computed at the price belonging to it, and the mean value thus ascertained of the 
importations into the two or the three porta, is adopted as the general rate of valua- 
tion for the importations into the kingdom at large. 

The valne attached to the importations of each article for the entire year is the 
sum of the values affixed to the importations of each successive month. 

The manner in which the operafion is effected is shown in the annexed table. 

The following table shows the manner & which the “ Real Value ” of imports is 
computed in the office of the Inspector-General of Imports and Exports. 


Yellow Muscovado and Brown Clayed Sugar imported from Bengal in 1861. 


Months. 

e 

Imported into Lon- 
don. 

Imported Into Liver- 
pool. 

Imported 
Into Lon* 
don and 
Liverpool 
jointly. 

Average 
price of 
the Im- 
ports Into 
London 
andLlver- 
pool 
adopted 
Sir the 
United 
Kingdom. 

Quantities 
Imported 
into the 
United 
Kingdom. 

Com. 

puted 

real 

value 

Rate 

per* 

cwt. 

Quan- 

tity. 

Value. 

Rate 

per 

cwt. 

Quan- 

tity. 

Value. 



«. d. 

cwt.* 

*. 

*. (L 

cwt.* 

*. 

cwt.* 

«. 

#. d. 

cwt. qrs.lbs. 

£ 

January - 


27 2 


0 

27 8 

8 

221 

8 

221 

27 8 

8,097 0 24 

11,901 

February- 


27 2 

8 

136 

27 6 

S 

82 

8 

218 

27 3 

8J86 1 4 

11,426 

March - 


27 8 

2 

lift 

27 0 

4 

108 

6 

163 

27 2 

6,133 2 10 

8,357 

April 


28 2 

4 

113 

27 0 

6 

1G2 

10 

276 

27 6 

9,666 9 16 

18,163 

May 


29 8 

10 

2117 

26 8 

11 

2M9 

21 

686 

27 11 


29,298 

June 



] 

80 

2ft 9 

4 

103 

6 

133 

26 6 

0- 

6,063 

July 


.10 2 

4 

121 

2ft 9 

0 

- » 

4 

121 

80 9 

3.982 2 U 

6,007 

AUffUSt - 


30 2 

11 

332 

26 9 

18 

463 

2D 

796 

27 6 

ia,47G 1 s 

39.086 

September 


30 8 

17 

621 

26*0 

16 

41G 

S3 

937 

28 4 

33.002 0 6 

46,763 

October - 


31 2 

26 

810 

26 0 

91 

646 

47 

1,366 

28 10 

46 - 2 26 

67,124 

November 


30 8 

88 

1,165 

26 6 

7 

179 

46 

1,844 

29 10 

#4.466 0 1, 

67,820 

December 


29 8 

47 

1,394 

26 0 

20 

WnS 

67 

1,894 

28 3 

G6$42 0 12 

93,708 



Total 

- 

■ 

• 

- 

■ 


- 

- 

£81,666 1 4, 

399,981 


Average Trice of tho Year, 28*. M. per cwt. 
* Lluudrcdweighta in Thouundi 


Linseed Imported from the Hussion Ports on the Black Sea in 1861. 


Months. 

Imported Into London. 

Imported Into Hull. 

Imported 
into London 
and Hull 
Jointly. 

Average 
price of 
the Im- 
ports Into 
London 
and Hull, 
adopted 
for the 
United 
Kingdom. 

Quan- 

tities 

Im- 

ported 

Into 

the 

United 

King- 

dom. 

Com- 

puted 

real 

value. 

Rato 

p«r 

qr. 

Quan- 

tity. 

Value. 

Rate 

per 

qr. 

M 

Value. 

• 

*. d. 

qrs.* 

*. 

d. 

I. 

d. 

qrs.* 

*. 

d 

qr*.* 

a. d 

*. 

d. 

qrs. 

£ 

January - 

56 0 

. - 

- 

- 

66 

0 

- - 

- 

- 

- - 

- - 

65 

6 

6,629 

18,395 

February - 

60 0 

2 

100 

0 

60 

0 

17 

860 

U 

19 

960 0 

60 

S'M 

21,563 

58,907 

March . 

51 0 

_ . 

. 

„ 

47 

a 

31 

1,472 

□ 

31 

1,471 

47 

6 

66,061 

183,145 

April 

60 6 

1 

60 

6 

47 

6 

19 

902 

6 

20 

963 0 

47 

6 

29,324 

69,645 

May - 

61 6 

2 

103 

0 

47 

6 

9 

96 

H 

4 

198 0 

49 

6 

6,880 

17,028 

June 

51' 6 

- - 

- 

- 

47 

6 

1 

47 

□ 

1 

47 6 

47 

6 

1,626 

8,6*4 

July 

62 0 

« . 

• 

- 

47 

6 

- . 

- 


- - 

- . 

60 

1 

8,576 

8.940 

August - 

66 8 

. - 

* 

. 

60 

0 

6 

300 

0 

6 

■■TijMO 

El 

0 

■EESa 

26,148 

September 

67 6 

2 

116 

0 

62 

6 

13 

682 

6 

16 

797 « 

63 

2 

29.449 

78,040 

October - 

69 0 

A 

907 

6 

66 

© 

11 

1,156 

0 

26 

1,469 6 

66 

10 

OCHy 

100,634 

Novomber 

f -0 6 

2 

121 

0 

65 

0 

14 

770 

0 

16 

891 0 

■ 55 

8 

35,897 

99,918 

December 

61 0 

- 20 

1,220 

0 

66 

0 


1,100 

0 

40 

2,320 0 

68 

0 

54,490 

168,091 


Tota 

l ' . 

- 


- 

- 

- 

- 

- 

- 

■ - 

- 

- 

291,602 

7 G 6,440 


Avorage Price of the year. 62*. 7d. per quarter. 
* Quarters in Thousand*. 


IMPREST. A ‘paper printed in the report on the public accounts, gives an 
authoritative definition of this technical term, so unintelligible to many persona. The 
word “ imprest " is generally used in opposition to the term M final payment.** A 
final payment is a payment made in final discharge of an obligation of the govern- 
ment to the public creditor $ as, for instance, the payment of a bill for stores supplied 
to the government, or the payment of salary to a government clerk. An M imprest ** 
m eans aa advance of public money, to enable the person to whom it may be made to 
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carry on turn public wrvieei and the penon to whom the advance la nude ia 
<*HH the M fcwpx M * accountant" 

INCUBATION, ARTIFICIAL. The Egyptian! hare from time immemorial 
been aocmtomed to hatch eggs by artificial warmth, without the aid of hens, in pe- 
enliar stores, called Mammau, M. de Reaumur published in France, about a century 
ago, some ingenious observations upon this subject ; but 11 Bonnemain was the first 
person who studied with due attention all the circumstances of artificial incubation, 
and mounted the process successfully np8n the commercial scale. So lhr back as 
1777 he oommnnioated to the Academy of Sciences an interesting fact, which he had 
noticed, npon the mechanism emptied by chicks to break their shells ; and for some 
time prior to the French revolution he furnished the Parisian market with excellent 
poultry ata period of the year when the fhrmers had ceased to supply it His estab- 
lishment was rained at that disastrous era, and no other has ever since been constructed 
or conducted with similar care. His apparatus derives peculiar interest from the feet 
that it was fbnnded upon the principle of the circulation of hot water, by the intestine 
motions of its particles, in a returning series of connected pipes ; a subject afterwards 
illustrated in the experimental researches of Count Romford. It has of late years 
been introduced as a novelty into this country, and applied to warm the apartments of 
many public and private buildings. The following details will prove that the theory 
and practice of hot water circulation were as perfectly understood by BL Bonnemain 
fifty years ago, as they are at the present day. They were then publicly exhibited at 
his residence in Paris, and were afterwards communicated to the world at large in the 
interesting article of the Encuchpidie Tcchnotogigue, intitled Incubation Artificial* , 
under the head of Rdgulateur de Temperature, 

The apparatus of M. Bonnemain consisted : 1, of a boiler and pipes for the circu- 
lation of water ; S, of a regulator calculated to maintain an equable temperature ; 3, 
of a stove-apartment, heated constantly to the degree best fitted for incubation, which 
he called the hatching pitch. He attached to one side a pousnniere or chick-room, for 
cherishing the chickens daring a few days after incubation. 

The boiler is represented in vertical section and ground plan, in fig s. 987 and 988. 
It is composed of a double cylinder of copper or oast iron I, ( having a grate h (see 
plan), an ashpit at d (section). The water occupies the 
shaded space c, c. A, g, g, e, e, are five vertical flues for 
conducting the burnt air and smoke, which first rise in the 
two exterior flues e, e, then descend in the two adjoining 
flues g, g, and finally remount through the passages «, i, in 
the central flue h, During this upwards and downwards 
circulation, as shown by the arrows in the section, the 
products of combustion are made to impart nearly the 
whole of their heat to the water by which they are sur- 
rounded. At the commencement, some burning paper or 
wood shavings are inserted at the orifice m 9 to establish a 
draught in this circuitous chimney. The air is admitted 
into the ashpit at the side, in regulated quantities, through 
a small square door, movable round a rod which runs 
horizontally along its middle line. This swim? valve is 
acted npon by an expanding bar (see Hrat- R sauiuiTOR ), 
which opens it more or less, according to the temperature 
of the stove apartment in which the eggs are placed. 

' 2 > is the upper orifice of the boiler, by which the hotter and consequently lighter par- 
tiolet of the water continually ascend, and are replaced by the cooled particles, which 
enter the boiler near its bottom, as shown in fig. 989 at R. Into further details relative 
to the boiler it is needless to enter; for though its form, as designed by M. B onne main, 
is excellent and most economical of heat for a charcoal fire, it would not suit one of pit- 
coal, on account of the obstruction to the pipes which would soon be caused by its soot. 
In fig, 989 the boiler is shown at a, with the rod which regulates the air door of the 
ashpit, d is a stopcock for modifying the opening by which the hotter particles of 
water ascend ; a is the water pipe of communication, having the heating pipe of dis- 
tribution attached between a i, which thence passes backwards and forwards with a 
very slight slope from the horiaontal direction, till it reaches the pousemib* o p q. It 
traverses this apartment, and returns by a a to the orifice of the boiler h, where it tarns 
vertically downwards, and descends to nearly the bottom of the boiler, discharging at 
that point the cooled and therefore denser particles of water to replace those which 
continually issue upwards at ix x. n is a tube surmounted with a fennel for keeping 
the range of pipes always fell of water ; and a is a siphon orifice for permitting the 
escape of the disengaged air, which would otherwise be apt to oooupy partially the 
pipes and obstruct the aqueous circulation. 
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the boiler, which is the sole cause of its movement, will be greater, n represents 
small saucers filled with water, to supply the requisite moisture to the heated air, and 
to place the eggs, arranged along the trays x x, in an atmosphere analogous to that 
under the body of the hen. 

When we wish to hatch eggs with this apparatus, the fire is to be kindled in the 
boiler, and as soon os the temperature has risen to about 100° F., the eggs are intro- 
duced ; but only one-twentieth of the whole number intended, upon the first day : next 
day a like number is laid upon the tQiys, and thus in succession for twenty days, so that 
upon the twenty-first day the eggs first placed may be hatched for the most part, and 
•we may obtain daily afterwards an equal number of chicks. In this way regularity of 
care is established in the rearing of them. 

During the first days of incubation, natural as well as artificial, a small portion of the 
water contained in the egg evaporates by the heat, through the shell, and is replaced by 
a like quantity of air, which is afterwards useful for the respiration of the animal If 
the warm atmosphere surrounding the eggs were very dry, such a portion of the aqueous 
part of the eggs would evaporate through the pores of the shells as would endanger the 
future life of the chick in ovo. The transpiration from the body of the hen, as uie sits 
upon her eggs, counteracts this desiccation in general ; yet in very dry weather many 
hatching eggs fail from that cause, unless they be placed in moist decomposing straw. 
The water saucers n n are therefore essential to success in artificial incubation. 

After the chickens are hatched they are transferred into the nursery, o q, on the front 
side of which there is a small grated trough filled with millet seed. Small divisions are 
made between the broods of successive days, to enable the superintendent to vary their 
feeding to their age. 

In order to supply an establishment of the common kind, where 100 eggs are to be 
hatched daily, a dozen of hens would be needed, and 1 50 eggs must be placed under 
them, as only two-thirds in general succeed. At this rate, 4300 mothers would be 
required to sit. Now supposing we should collect ten times as many hens, or 43,000, 
we should not be able to command the above number of chickens, as there is seldom a 
tenth part of hens in a brooding state. Besides, there would be in this ease no fewer 
than 720 hens every day coming out with a fresh brood of chi ck ens, which would 
require a regiment of snperinteiiients. 

Artificial Incubation by means of Hot Mineral Waters. — This curious process is 
described very briefly in a letter by M. D’ArceL The following are extracts from his 
letter : — 

“ In June, 1825, 1 obtained chickens and pigeons at Vichy, by artificial incubation, 
effected through the means of the thermal waters of that place. In 1827 1 wenfto the 
baths of Chaudes- Aigues, principally for the purpose of doing the same thing there. 
Finding the proprietor % xealous man, I succeeded in making a usefhl application of 
this source of heat to the production of poultry. 

“ The advantage of this process may be comprehended, when it is known that the 
invalids who arrive at Vichy, fbr instance in the month of May, find chickens only the 
sise of quails ; whereas, by this means, they may be readily supplied six months old. 

u The good which may be done by establishing artificial incubation in places where 
hot iprmga exilt, ii incalculable , it may be introdnoed into thews e*t»Uiihment» without 
at all interfering with the medical treatment of patients, since the hatching would go 
on in winter, at a time when the baths for other purposes are out of use. 



654 


INDIGO. 


u There k no other trouble required in breeding chickens, by means of hot baths, 
than to break the eggs at the proper time $ for, when the apartments are closed, the 
whole of the interior will readily acquire a sufficiently elevated and very constant 
temperature.** 

INCOMBUSTIBLE CLOTH is a tissue of (he fibrous mineral called amianthus 
or asbestos. Cotton and linen cloth may be best rendered incapable of burning with 


INDIAN INK, or CHIN A INK. A very beautiful black pigment, the best varieties 
of which are obtained from China. It is composed of a very fine black, cemented 
together with some kind of animal gelatine. 

INDIAN MATTING. Mats made in India from the reed Papyrus corymbosus. 

INDIAN RED. A mineral from the Persian Gulf; which reaches us in a state of 
a dark red coarse powder : a silicate of iron and alumina, containing lime and mag- 
nesia. The same name is given to a pigment artificially prepared? which is essen- 
tially a sesquioxide of iron. 

INDIAN YELLOW. This is a peculiar precipitate obtained from the urine of the 
cow, and, according to some authorities, of the camel, after the animal has been eating 
decayed and yellow mango leaves— the Mangistana manuifer. It appears to be com- 
posed of magnesia ^Hth a yellow body which may be prepared«pure by boiling the 
mass with water, to which small quantities of muriatic acid are added, until the whole 
dissolves, and then filtering. On cooling, the liquor deposits the colouring matter in 
brilliant yellow scales, termed purreic acid. See Watts’ “ Dictionary of Chemistry.** 

INDIA RUBBER. See Caoutchouc. 


INDICAN. A colourless substance existing in woad, and probably in other 
plants yielding indigo. Indigo blue may be prepared from indican by treating it 
with sulphuric or hydrochloric acid. See Indigo. 

INDIGO. This invaluable dye-stuff consists essentially of a blue colouring matter, 
to which the name of Indigo-blue has been applipd. This colouring matter occurs in 
the leaves of several species of plants, which, though few in number, belong to very 
different genera and orders. The only native European plant which is known with 
certainty to yield it is the Isatis tinctoria , or common woad. It has also been supposed 
to occur in the following plants, all of which are natives of Europe, vis.: — Astragalus 
glycyphyUus, Centaurea Cyanus, Chdidonium mujus, Cicer ariethtum, Cblutea arborescens, 
Coroniua Emerus , Galega officinalis, Hedysarum Onobrychis, Inula Helenium , Iris Ger- 
manic a, Lotus corniculatus , Mcdicago saliva, Mercurialis perennis, Polygonum aviculare. 
Polygonum Fagopyrum, Rhinanthus Crista-galli, Sambucus nigra, Sambucus Ebulu r, 
Scabiosasuccisaand Vaccinium MyrtiUus. According to the investigations of Giobert and 
others, however, none of these plants afford any indigo-blue, though several of them, 
such as the Mercurialis perennis, contains blue colouring matter of a peculiar nature. 
The indigo-bearing plants growing in tropical countries furnish far more indigo-blue 
than the Isatis tinctoria. Such are the various species of Indigo/era, natives of the 
East and West Indies, the Ncrium tinctorium and Calanthe veratrtfolia of Hindostan, 
the Asdepias tinctoria and Marsdenia tinctoria of Sumatra, the Polygonum tinctorium, 
the Isatis indigotica, the Justicia tinctoria, and the Bletia TankervWia, of China, and the 
Amorpha fnUicosa of Carolina. Most of these plants belong to the natural order 
Leguminoss. The others belong respectively to the orders Crucifer®, ^pocyne®, 
Aaclepiadee, Polygon©©, Aoauthace®, and Orchide®. Indigo-blue has sometimes 
been observed to form in the milk of cows, especially such as have been fed exclu- 
sively on saint- foin. It has also been found by Prout, Hawaii, and others in the 
urine of individuals suffering from various diseases, and Sohunck has lately shown 
that the urine of men and animals, even when in a perfectly healthy state, may be 
made to yield indigo-blue in small quantities by treatment with strong acids. Hence 
it appears that this colouring matter may be obtained from a variety of sources, though 
it is nowhere found in great abundance. 

The use of woad for the purpose of dyeing blue seems to have been known in 
Europe from the earliest times. We are told by Cmsar that the Britons stained their 
bodies blue with woad, in order to give themselves a more formidable appearance in 
battle; and Pliny informs us that their women, before entering on certain sacred rites, 
which were performed in a state of nudity, employed the samp means of colouring their 
bodies, whereby they acquired the appearance of negroes. During the middle ages 
the cultivation of woad was carried on very extensively in several countries of Europe, 
especially in Thuringia in Germany, in the province of Languedoc in France, and in 
the neighbourhood of Rieti in Italy. The leaves of the plant were ground into a 
pulp, and then submitted to a long process of fermentation, by which means they 
were converted into a mass of a dark colour which was moulded into balls for the 
use of the dyer. fSee Woad.) No attempt to extract the blue colouring matter 
from the plant seems, however, to have been made before the commencement of the 


present century. # 

Whether indigo in its present form was known to the ancients has been doubted. 
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Pliny and Dioscorides refer a pigment called Indicum, which, seems to have been of 
a blue colour, though there is little doubt that the. article to which the name Indicia* 
nigrum was applied was identical with our Indian ink. Of indicum Pliny says that 
it comes from India and is obtained from the slime adhering to reeds; that it is black 
when rubbed, but of a fino mixture of purple and blue when dissolved ; and that 
there is another kind which is found swimming on the dye-vessels where purple is 
dyed, this being the scum of thtf purple-fish. He adds that those who adulterate 
indicum dye pigeon's dung or chalk with froad, but that the genuine substance may 
be known by heating it, when it gives a beautifhl purple vapour and emits a smell 
like that of the sea, and for this reason it has been supposed to be obtained from the 
rocks. It can hardly be doubted that in this passage indigo is referred to, and that 
the second kind of indicum mentioned by Pliny consisted probably of the scum of 
indigo-blue found floating on the surface of the liquor in which the dyeing was per- 
formed. It secyns, however, that at that time the colouring matter was not so com- 
pletely separated from the other vegetable matters of the plant as at the present 
day, since pigeon's dung coloured with woad would bear very little resemblance to 
our present indigo, but would be a fair imitation of the preparation usually made 
from woad. It is probable, therefore, that at that period the process of manufacturing 
indigo was a very fade on cl and consisted merely in the separation of a portion of 
the vegetable from the remainder. Even at the present day the natives of some 
countries, where the arts have not attained any high degree of development, produce 
an article from indigo-bearing plants which serves the purpose of dyeing blue, though 
not much resembling indigo in appearance. In Sumatra, for instance, as Marsden 
informs us, the natives do not manufacture indigo into a solid substance, but leave the 
stalks and branches for some days in water to soak and macerate, then boil it, and 
work with their hands some chunam (quicklime) among it, with leaves of the pacoo 
su/hi (a species of fern) for fixing the colour, after which they drain it off and use it 
in the liquid state. On the west coast of Africa the leaves of the indigo plant are 
moulded into balls, which are thenliried in the sun and stored up until they are 
wanted. These balls, which have a slight blue tint, may be preserved a long time 
and be transported to great distances. When they are to be used for dyeing they are 
broken and induced to a fine powder. This powder is then mixed with water to which 
the ashes of a certain plant are added, and the liquid is boiled in large earthenware 
vessels of a conical form, when it assumes a deep blue colour and is then ready for 
dyeing the fabrics which are plunged into it. 

The article known as indigo in the middle ages must have been very similar to the 
indigo of the present day ; for though Marco Polo had described the manner m which 
the substance was produced from the plant, it was for a long time considered as a 
mineral ; and even in the letters patent obtained in 1705 by the proprietors of mines 
in the principality of Halbcrstadt, it was classed among minerals on account of which 
works, wore suffered to be erected. 

Indigo seems to have been first extensively used in Europe by the Jewish dyers, 
who introduced it into the dye-houses of Italy. It was not, however, imported in any 
large quantities until the discovery of the passage round the Cape of Good Hope. 
At the beginning of the 17th century, the Dutch commenced carrying on an exten- 
sive trade with the East, and indigo was one of the articles which they imported in large 
quantities into European countries. Its use was found to be attended with so many 
advantages, that the employment of woad for the same purpose was gradually aban- 
doned. The colour produced by it was more brilliant and for cheaper than the blue 
from woad. On the other hand it was asserted that the goods dyed with indigo faded 
rapidly, and that the vitriol and other corrosive substances used along with it caused 
them, after some time, to rot. At the same time the exportation of large sums of 
money in payment for indigo, and the rapid decline in the cultivation of woad, which 
had previously furnished occupation to great numbers of people in various countries of 
Europe, aud had been the source of great wealth to individuals, caused so much alarm, 
that the most stringent measures were adopted in order to prevent the use of indigo 
in dyeing. A decree of the Germanic diet held at Frankfort, in 1577, prohibited, 
under the severest penalties, the newly invented, pernicious, deceitful, eating and 
corrosive dye, called the dedt * dye, for which vitriol and other cheaper materials were 
used instead of woqd. This prohibition was renewed in 1594 and 1603. In the year 
1650, the Elector of Saxony piphibited the sale and importation, into his dominions of 
all febrics dyed with other materials in the place of woad. This was followed by an 
imperial mandate issued from Ratisbon, in the year 1654, forbidding the importation 
and the use by dyers of indigo and other injurious substances, and threatening with 
punishment and the confiscation of their goods all persons who should offer for sale any 
cloth dyed with forbidden and deceitful dyes instead of with the permanent colour of 
woad. The people of Nuremberg even went so for ns to compel their dyers by law 



INDIGO. 


656 

annually to take oath, not to employ indigo, and this was ocmtfaraed down to a very 
recent period, though it was well known that its use was indispensable to them. In 
France, the use of indigo was forbidden in 1598, in oonseyienoe of an argent re prese n- 
tation by the states of the province of Languedoc, and this prohibition was afterwards 
repeated several times. Bnt in the well-known edict of 1669, in which Colbert sepa- 
rated the fine from the oommon dyers, it was stated that indigo should be used with- 
out woad k and in 1787, dyers were left at liberty tb use indigo alone, or to employ a 
mixture of indigo and woad. »In England the use of indigo was also forbidden, and 
by an set passed in the reign of Elisabeth, searchers were authorised to burn both it 
and logwood in every dye-house where they could be found. This act remained in 
force for nearly a century. p 

It has been doubted whether the plant which is employed In America for the 
manufacture of indigo is a native of that continent, or whether it was introduced by 
the Spaniards. It was remarked by the first voyagers on the.new continent that the 
natives coloured their bodies and dyed their stum by means of indigenous plants 
which resembled the indigo plant of Asia. Fernando Columbus, in .the life of his 
fother, says, that this plant grew in a wild state in the West India Islands, and that it was 
cultivated for the purpose of obtaining from it a blue pigment Heraandes mentions 
it among the native pufots of Mexico, and says, that the Americanstused it for dyeing 
their hair black. He adds, that they made from it a pigment which they named 
mohuitli and tlenokmlH, the same as the cceruleum of the Latins, and he describes also 
the method of preparing it Nevertheless it appears that the Indigofera tinctoria and 
Anil were realty introduced into America by the Spaniards, and were the plants em- 
ployed by them for the manufacture of indigo in Mexico, Guatemala, and St Domingo, 
though some of the varieties produced by the influence of the climate and soil differ very 
widely in appearance from the parent stock. The manufacture of indigo was atone 
time carried on extensively in Central America and the West India Islands, and these 
countries formerly supplied the chief portion of the article consumed in Europe. The 
indigo of Guatemala at the same time surpassed all others in quality. In consequence 
however, of the political disturbances in America, and the great improvements which 
have been effected in the manufacture of indigo by the seal and perseverance of our 
countrymen in the East, its production in America has diminished very much, and at 
the present day, the indigo consumed in Europe is derived chiefly from India, and more 
especially from Bengal, Oude, and Madras. The remainder is imported from Java, 
Manilla, the Mauritius, and Senegal in the eastern hemisphere, and from Caraccas, 
Brazil, and Guatemala in the western. The East Indian and Brazilian indigo comes 
packed in chests, the Guatemala in ox-hides, called serous. Its quality depends upon 
the species of the plant, its ripeness, the soil and climate of its growth, and the mode 
of manufacture. 

The plants which are cultivated in the East Indies, are the Indigofera tinctoria , 
Anil, disperma and peeudo-tinctoria. The districts of Kishenagar, Jessore, and Moor- 
shedabad, in Bengal, ranging from 88° to 90° east lat and 22$° to 24° north long., 
produce the finest indigo. That from the districts about Burdwan and Benares is of 
a coarser or hardier grain. Tyroot, in lat 26°, yields a tolerably good article. The 
portion of Bengal most propitious to the cultivation of indigo, lies between the river 
Hoogly and the main stream of the Ganges. The ground having been plop^hed in 
October, November, or beginning of December, the seed of the indigo plant u sown 
in the last half of March or beginning of April, while the soil being neither too hot 
nor too dry, is most propitious to its germination. A light mould answers best ; and 
sunshine, with occasional light showers, are most favourable to its growth. From 
twenty-four to thirty pounds of seeds are required for sowing an acre of land. The 
plants grow rapidly, and will bear to be cut for the first time at the beginning of July, 
nay, in some districts, so early as the middle of June. The indications of maturity 
are the bursting forth of the newer buds, and the expansion of the blossoms ; at which 
period the plant contains most colouring matter. Another indication is taken from 
the leaves; which, if they break across, when doubled flat, denote a state of maturity. 
But this character is somewhat fallacious, and depends upon the p ov e r ty or richness 
of the soil. When much rain fa l l s, the plants £row too rapidly, and do not sufficiently 
elaborate the blue pigment. Bright sunshine is most advantageous to its production. 
The first cropping or the plants is best ; after two months a w second is made; bnt at 
the present day, planters never undertake a third or fourth. 

Two methods are pursued to extract the indigo from the plant; the first effects it 
by fermentation of the fresh leaves and stems ; the second, by maceration of the dried 
leaves. 

1. From the recent leave*.— In the indigo factories of Bengal, there are two large 
stone-built cisterns, the bottom of the first being nearly upon a level with the top of 
the second, in order to allow the liquid contents to be run out of the one into the other. 
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The uppermost is called the fermenting vat, or the steeper; its area IqlO feet square, 
and its depth 8 feet ; the lowermost, called the heater or heating rat, is as broad as the 
other, but one third longer. The cuttings of the plant, as they come from the field, 
are stratified in the steeper, until this is filled to within 5 or 6 inches from its brim. In 
order that the plant, during its fermentation, may not swell and rise out of the Tat, beams 
of wood and twigs of bamboo are braced tightly over the suifece of the plants, after 
which water is pumped upon them until it stands about 8 or 4 inches from the 
edge of the vessel. An active fermentatidh speedily commences, which is completed 
within 14 or 15 hours, a little longer or shorter, according to the temperature of the 
air, the prevailing winds, the quality of the water, and the ripeness of the plants. 
Nine or ten hours after the immersion of the plant, the condition of the vat must be 
examined ; frothy bubbles are then seen rising like little pyramids, at first of a white 
colour, bnt soon becoming greyish- blue, and then deep purplish-red. The fermenta- 
tion is at this time violent, (he fluid being in constant commotion, and apparently 
boiling, innumerable bubbles mount to the surface, and a dense copper-coloured scum 
coven the whole. As long as the liquor is agitated, the fermentation must not be 
disturbed ; but when it becomes more tranquil, the liquor is to be drawn off into the 
lower cistern. It it of the utmost consequence not to push the fermentation too far, 
because the quality of the Or hole indigo is thereby deteriorated ; but rather to cut it 
short, in which case there is, indeed, a loss of weight, but the article is better. The 
liquor possesses now a glistening yellow colour, which, when the indigo precipitates 
changes to green. The average temperature of the liquor it commonly 85° Fahr. ; 
its specific gravity at the surface is 1*0015 ; and at the bottom 1 *008. 

As soon as the liquor has been run into the lower cistern, ten men are set to work 
to beat it with oars or shovels 4 feet long, called busquett. Paddle wheels have also 
been employed for the same purpose. Meanwhile two other labourers clear away 
the compressing beams and bamboos from the surface of the upper vat, remove the 
exhausted plant, set it to dry for feel, clean out the vessel, and stratify fresh plants in 
it The fermented plant appears still green, but it has lost three fourths of its bulk 
in the process, or from 18 to 14 per cent of its weight, chiefly water and extractive 
matter. 

The liqnor in the lower vat must he strongly beaten for an hour and a half, when 
the indigo begins to agglomerate in flocks, and to precipitate. This is the moment 
for judging whether any error has been committed in the fermentation; which must 
be corrected by the operation of beating: If the fermentation has been arrested toti 
soon, much froth rises in the beating, which must be allayed with a little oil, and then 
a reddish tinge appears. If large round granulations are formed, the beating is con- 
tinued, in order to see if they will grow smaller. If they become as small as fine sand, 
and if the water dears np, the indigo is allowed quietly to subside. Should the vat 
have been over fermented, a thick fat-looking ernst covers the liquor, which does not 
disappear by the introduction of a flask of oiL In snch a case th'e heating must be 
moderated, and when the granulations become round, and begin to subside, and the 
liquor clears up, the beating must be discontinued. When the fermentation has been 
excessive, the froth or scum diffuses itself spontaneously into separate minute particles, 
that move about the surface of the liquor. On the other hand, a rightly fermented 
vat is easy to work ; the froth, though abundant, vanishing whenever the granulation* 
make their appearance. The colour of the liquor, when drawn out of the steeper into 
the beater, is bright green ; bat as soon as the agglomeration of the indigo commences, 
it assumes the colour of Madeira wine ; and speedily afterwards, in the course of 
beating, a small round grain is formed, which fells down and leaves the water trans- 
parent, when all the turbidity and froth vanish. 

The object of the beating is threefold : first, it tends to disengage a great quantity 
of carbonic acid present in the fermented liqnor ; secondly, to give the newly de- 
veloped indigo its requisite dose of oxygen by the most extensive exposure of its 
particles to the atmosphere ; thirdly, to agglomerate (he indigo in distinct flocks or 
granulations. In order to hasten the precipitation, lime water is occasionally added 
to the fermented liquor in the progress of beating ; but those who manufecture the 
superior qualities or indigo, avoid the use of lime, as it has a tendency to make the 
indigo hard and red. In one side of the heating vessel a beam is fixed upright, in 
which three or more hole? arepieroed a few inches in diameter. These art dosed 
with plugs during the beating, but, two or three hours afterwards, as the indigo 
subsides, the upper plug is withdrawn to run off the supernatant liquor, and then the 
lower pings in succession. The state of this liquor affords, on being examined, an 
indication of the success of both the processes. When the whole liquor has run 
off, a labourer enters the vat, sweeps all the precipitate into one corner, and empties 
the thinner part into a spout which leads into a cistern. 80 feet long, 3 feet wide and 
8 feet deep. When all this liquor is once collected, ;t is pumped through a bag 
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which retains the impurities into a boiler, placed at the side of the detent and heated 
to ebullition. The froth soon subsides, leaving an oilj l ookin g film upon the liquor. 
The indigo is bj this process not only freed from the yellow extractive matter, but 
its density and the intensity of its colour are increased. From^the Roller the mixture 
is run, after two or three hours into a general receiver, called the drmmg vat or table, 
.which, Ibr a factory of twelve pairs of preparation vats, is 20 fret long, 10 fret wide, 
and 3 feet deep having a frlse bottom, 2 fret under the top edge. The cistern 
stands in a basin of masonry (made watertight with Chunam hydraulic cement), the 
bottom of which slopes to one end, in order to facilitate the drainage. A thick 
woollen web is stretched along the bottom of the inner vessel to act as a filter ; but 
a piece of cotton cloth is generally p r ef erred to wool, as the hairs which are detached 
from the latter injure the quality or the indi go. As long as the liquor passes through 
turbid, it is pumped back into the receiver. Whenever it runs dear, the receiver is co- 
vered with another piece of doth to exdude the dost, and allowed to drain at its leisure. 
Next morning the drained magma is put into a strong bag and squeese£in a press. The 
indigo is then carefolly taken out of the bag, add cut with brass wire into cubical pieces, 
measuring about 3 inches each way, which are dried in an airy house upon dielves 
of wicker work. During the drying, a whitish efflorescence appears upon the pieces, 
whidi must be carefrlly removed with a brash. In jiome places, particularly on 
the coast of Coromandel, the dried 'indigo lumps are allowed toAeffloresce in a cask 
for some time, and when they become hard they are wiped and packed for exporta- 
tion. 

From some experiments it would appear that the gas disengaged during the middle 
period of the fermentation is composed in 100 parts of 27'5 carbonic acid, 5*8 oxygen, 
and 667 nitrogen ; and towards its conclusion, of 40*0 carbonic acid 4*6 oxygen, and 
05*0 nitrogen. Carburetted hydrogen does not seem to be disengaged. That the 
liquor in the beating vat absorbs oxygen from the air in proportion as the indigo 
becomes floccolent and granular, has been ascertained by experiment, as well as that 
sunshine accelerates the separation of the indigo-blue. Out of 1000 parts of the 
fermented liquor of specific gravity 1*003, the blue precipitate may constitute 0*75 
of a part. Such a proportion upon the great scale, is however, above the average, 
which is not more than 0*5. When lime water is added, an extractive matter is 
thrown down, which amounts to from 20 to 47 parts in 1000 of the liquor. It has a 
dark brown tint, a viscid appearance, an unpleasant smell, and a bitter taste. It 
diecomes moist in damp air, and dissolves in water without decomposition. It is 
precipitated by lime, alkalies, infusion of galls, and acetate of lead. All indigo con- 
tains a little lime derived from the plant, even though none has been used in its pre- 
paration. 

2. Indigo from dried leaves . — The ripe plant being cropped, is to be dried in sunshine 
from 9 o’clock in the morning till 4 in the afternoon, during two days, and threshed 
to separate the stems from the leaves, which are then stored up in magaxines until a 
sufficient quantity is collected for manufacturing operations. The newly dried leaves 
must be free from spots, and friable between the fingers. When kept dry, the leaves 
undergo in the course of four weeks, a material change, their beautifol green tint 
.turning into a pale bluish-grey, previous to which the leaves afford no indigo by 
maceration in water, but subsequently a large quantity. Afterwards the product 
becomes less considerable. 

According to some manufocturers, the plants should be cut down in dry weather, 
an hour or two before sunset, carried off the field in bundles, and immediately spread 
upon a dry floor. Next morning the reaping is resumed for an hour and a half, 
before the sun acts too powerfully upon vegetation, and the plants are treated in 
the same way. Both cuttings become sufficiently dry by 8 o’clock in the afternoon, 
so as to permit the leaves to be separated from the stems by threshing. They are 
now throughly dried in the sunshine, then coarsely bruised, or sometimes ground to 
powder in a mill, and packed up for the operations of manufacture. 

The following process is pursued to extract indigo from the dried leaves. They 
are infused in the steeping vat with six times their bulk of water, and allowed to 
macerate ibr two hours with continual stirring till all the floating leaves sink. The 
fine green liquor is then drawn of into the beating vat, for if it stood longer in the 
steeper**ome of the indigo would settle among the leaves and be lost Hot water, 
as employed by some manufocturers, is not necessary. The process with dry leaves 
possesses this advantage, that a provision of the pant may be at the most 
suitable times, independently of the vic i ss it ud e s of the weather, and the indigo 
may be uniformly made j and moreover, the fermentation of the fresh leaves, often 
capricious in its oourse, is superseded by a much shorter period of simple macera- 
tion. - 

We are indebted to Dr. Roxburgh, for s description of the method employed fin 
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mraofrcturing indigo from the Nerum tinctoriuM or Wrigktia tinctorm . (Vide Tran- 
sactions' of the Society of Arts, voL xxviii.) This plant, which attains the siae of a 
■m»] l tree, is found on the lower regions or the mountainous tract near Hijamundry, 
and also on hills in the neighbourhood of Salem and Pondicherry, and grows in a 
sterile as well af ridf soil. The leaves begin to appear in March and April, and 
at the end of April have attained their foil siae, when they are ready for gathering. 
At the end of August they begin # to assume a yellowish rusty colour ana soon fell 
off. The leaves yield no indigo until tljp plant is several years old, but the best 
leaves for making indigo are obtained from low busby plants. They improve when 
kept for a day or two, but when they begin to wither, they yield bnt a small portion 
of very bad indigo, and when quite dry only a dirty brown fecula. In this they 
differ from the leaves of the common indigo plant, which may be dried before ex- 
traction without loss of colour. They also differ from the latter in not yielding their 
colour to cold water. With cold water only a hard, black, flinty substance is ob- 
tained, not blue indigo. It is therefore necessary to employ hot water, which ex- 
tracts the colour very readily. The leaves having been collected, are on the ensuing 
day thrown into copper scalding vessels, which are then filled with cold water to 
within 2 or 8 inches of the top. Hard water containing a large quantity of bicarbonate 
of lime is better adapted for the purpose than rain water. The fire is then lighted 
and maintained rather briskly until the liquor acquires a deep green colour. The 
leaves then begin to assume a yellowish colour, the heat of the liquor being about 
150° to 160° Fahr. The fire is then removed and the liquor run off into the beating 
vat Here it is agitated from 5 to 20 minutes. It is then mixed with about ^ to T kth 
part of lime water, which produces a speedy granulation. After the indigo has subsided 
the supernatant liquid appears of a clear Madeira wine colour. The quantity of indigo 
obtained, amounts to 1 lb. from 250 lbs. of green leaves j but it varies according to the 
season and the state of the weather. In August and September, the produce is only 
one-half or two-thirds of what it is in May and June, and even that is diminished if 
the weather is wet, or the leaves ai$ treated immediately after being gathered. The 
scalding requires about three hours, and the agitation and precipitation the same 
time. The indigo is improved by treating it with a little sulphuric acid. The only 
fault it has is, that it breaks into small pieces, unless it has been dried slowly in the 
shade protected from the Bun. 

In the southern provinces of China a species of Indigofera is extensively culti- 
vated for the sake of the dye which it affords. In the northern provinces two other 
plants are employed by the inhabitants for the same purpose. Mr. Fortune, tlft 
well-known Chinese traveller, to whom we owe the description of these plants 
and of the process of manufacturing indigo from them, states that one of them is 
grown in the neighbourhood of Shanghae, and he has given it the name of Isatis 
indigotica. The other, which is a species of Justicia, is largely cultivated in the 
hilly country near Ningpo, or rather in the valleys among the bills. It seems to be 
easily cultivated; it grows most luxuriantly, and is no doubt very productive. 
Having evidently been introduced from a more southern latitude, it is not hardy in 
the province of Chekiang any more than cotton is about Shanghae ; but nevertheless 
it succeeds admirably as a summer crop. It is planted at the end of April or beginning 
of May, after the spring frosts are over, and it is cleared from the ground in 
October*, During thus period it attains a height of a foot or a foot and a half; becomes 
very bushy, and is densely covered with large green leaves. It is cut before any 
flowers are formed. The plants are grown, not from seed but from cuttings. These 
cuttings consist simply of a portion of the stems of the previous year, which after 
being stripped of their leaves are tied into bundles, each containing upwards of 
1000, and xept during the winter in a dry shed or outhonse, where after being firmly 
packed together they are hanked round with dry loam, and covered with straw or 
litter so as to protect them from the frost During the winter months the enttings 
remain green and plump, and although no leaves are produced a flew roots are 
generally found to be formed or in the act of forming when the winter has passed 
and the season for planting has come round. In this state they are taken to the fields 
and planted. The weather daring the planting season is generally showery, as this 
happens about the change of the monsoon when the air is charged with moisture. A 
few days of this warm showeij weather is sufficient to establish the new crop, which 
now goes on growing witn luxuriance and requires little attention during the summer, . 
indeed none except keeping the land free from weeds. In the country whereuus dye 
is manufactured there are numerous pits or tanks on the edges of the fields. They are 
usually circ ular in form a nd have a diameter of about 11 feet and a^depth of 2 fret. 
About 400 catties • erf s tems and leaves are thrown into a tank of this sisc, which is 


• A Chinese catty U equal to Ipb. 
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then filled to the brim with dear water. In fire dajs the plant is partislly decom- 
posed, and the water hat become yellowish-green in colour. At (hit period the 
whole of the atemi and leaves are removed from the tank with a flatheaded broom 
wiiiip of bamboo twigs. When every particle hat been removed, the workmen em- 
ployed give the water a circular and rapid motion with the brooms jnet noticed, which 
fa continued for tome time. During t hit part of the operation another man has 
employed himtelf in mixing about thirty catties of lime with water, which water hat 
been taken out of the tank for the purpose. Tbit it now thrown into the tank, and 
the rapid circular motion of the water it kept up for a few minute* longer. When 
the lime and water have been well mixed in this way the circular motion it allowed to 
cease. Four men now station themselves round the tank and commence beating the 
water with bamboo rakes made for this purpose. The beating process it a very 
gentle one. At it goes on, the water gradually changes from a greenish hue to a. 
dingy yellow, while the froth becomes of a beautiful bright blue. During the process 
the head workman takes a pailfol of the liquid out of the tank sxuf beats it rapidly 
with his hand. Under this operation it changes colour at once, and its value is 
judged of by the hue it presents. The beating process generally lasts for about 
half an hour. At the end of this time the whole of the turfhoe of (he liquid is 
covered with a thick,, coating of froth of the most brilliant colours, in which blue 
predominates, especially near the edges. At this stage, it being 1 desirable to incor- 
porate the froth with the liquid below it, it is only necessary to throw a small quantity 
of cabbage oil on the surface of the froth. The workmen then stir and beat it 
gently with their flat brooms for a second or two, and the whole instantly disappears. 
The liquid, which is now darker in colour, is allowed to repose for some hours, 
until the colouring matter has sunk to the lower stratum, when about two thirds of 
the liquid is drawn off and thrown away. The remaining third part is then drawn into 
a small square tank on a lower level, which is thatched over with straw, and here it 
remains for three or four days. By this time the colouring matter has separated 
itself from the water, which is now entirely drained oS, the dye occupying three or 
four inches of the bottom in the form of a thick paste and of a beautiful blue colour. 
In this state it is packed in baskets and exposed for sale in all the country towns in 
this put of China. like the Shanghae indigo, made from laotiz mdtgoiica , it is 
called “ Tien-ching ” by the Chinese. — Gardner's Chronicle and Agricultural Gazette , 
April 8th, 1854. 

The cultivation of indigo in Central America, has ftllen off very mnch of late years. 
Nicaragua formerly exported annually about 5000 bales of 150 lbs. each. At present 
the export probably does not exceed 1000 or 8000 bales. Under the government of 
Spain, the state of San Salvador produced from 8000 to 10,000 hales annually. A 
piece of ground equal to two acres generally produces from 100 to 180 lbs. at a 
cost of not far from 80 to 40 dollars. 

There is an indigenous biennial plant abounding in many puts of central America, 
which produces indigo of a very superior quality, bat gives less than half the weight 
which is afforded by the cultivated species. The Indiqofera duperma is the species 
employed in cultivation. It attains its highest perfection in the richest soils. It 
will grow, however, upon almost any soil, and is very little affected by drought or 
by superabundant rains. In planting it, the ground is perfectly cleared, usually 
burnt over, and divided with, an implement resembling a hoe into little tienches, 2 
or 3 inches in depth, and 18 or 14 apart, at the bottom of which the seeds are strewn 
by hand, and lightly covered with earth. A bushel of seed answers for 4 or 5 acres 
of land. In Nicaragua it is usually planted towards the close of the dry season in 
April or May, and attains its perfection for the purpose of manufacture in from two 
and a half to three months. During this time it requires to be carefully weeded, to 
prevent any mixture of herbs, which would injure the quality of the indigo. When 
it becomes covered with a kind of greenish form a, it is in a fit state to be cut This 
is done with fadvre at a little distance above foi root, so asTlra ve wme of the 
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After the plant is out, it is bound in little bundlra/eerri * "panting 
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of time is determined by the colour of the saturated water ; hot the great secret is to 
check the fermentation at theproper point, for upon this, in a great degree, depends 
the quality of the product Without disturbing the plant, the water is now drawn off 
by cooks into the lowef rat or M beater ” (aotymdoro), where it is strongly and inces- 
santly beaten, in the smaller estates with paddles by band, in the larger by wheels 
turned by horse or water power. .This is continued until it changes from the green 
odour, which it at first displays, to a blue, quid until the colouring matter, or flocculee, 
shows a disposition to curdle or subside. This is sometimes hastened by the infosion 
of certain herbs. It is then allowed to settle, and the water is carefolly drawn off. 
The pulp granulates, at which time it resembles a fine soft clay ; after which it ia 
put into bags to drain, and then spread on cloths in the sun to dry. When properly 
dried, it is carefolly selected according to its .quality, and packed in hide cases. 150 lbs. 
each, called serous. The quality has not less than 9 gradations, foe best being of 
foe highest figufe. From 6 to 9 are called flares, and are the best; from 3 to 6 
cartes: from 1 to 8, inclusive, cobres. The two poorer qualities do not pay expenses. 
A mansana of 100 yards square produces on an average about one coroon at each 
catting. After foe plant has passed through foe vat, it is required by law that it 
shall be dried and burnt ; because in decomposing it generates by foe million an 
annoying insect called the M indigo fly." 

The following account of foe manufacture of indigo on the Senegal is taken from 
Pcrottet’s “ Art de l’lndigotier ” : — 

The land destined to foe cultivation of the plant ought to be perfectly level and 
free from undulations, so as to prevent the seed from being washed into the hollows 
or lower parts by the heavy rains so frequent in foe tropics. Soils of a greyish colour 
abounding in elay are not adapted for foe purpose, as they are too compact and cold. 
Sandy sous of a whitish colour must also be avoided. Light soils, abounding in 
humus or vegetable remains, and having a colour between grey and dark brown, 
are to be preferred to all others. «The soil shonld. at all events, not be one very 
retentive of moisture. The quantity of indigo obtained from foe same weight of 
plant may vary, according to foe soil, from 4 lbs. to 10 lbs., and foe quality also 
varies in a corresponding degree. The extent of ground which is required for foe 
production of indigo on a large- scale is so great that the use of manure becomes 
almost impossible. Nevertheless foe employment of foe refuse of the plant, after foe 
extraction of foe indigo, as a manure on fresh plantations, is found to be attended with 
very beneficial results. The ground, if new, must be turned up by means of a plough 
or hoe, to foe depth of at least 10 or 12 inches, three times successively at intervals of 
3 months, before the sowing takes place. The sowing must only be undertaken in 
fine weather, never daring heavy run. The seed employed should be perfectly ripe, 
and, if possible, not more than one year old. It is to be left in foe seed-vessels in 
which it is contained until the time when it is wanted. The latter are then put into 
a wooden mortar and reduced to fragments, and foe seed is separated by winnowing 
from foe dust, debris, &c., with which it is mixed. The sowing is to be effected 


broad-cast and as evenly as possible. It should take place, if possible, just before foe 
approach of rein, in which case foe use of a harrow is not required, as foe rain gene- 
rally has foe effect of completely levelling the ground and covering up the seed with 
soil. Ths» Indigo/era Hnctoria, and its varieties nacrocarpa and emarginata, being a 
plant with numerous crowded branches, it is not necessary, in sowing it, to take more 
than from 6 to 7 } kilogrs. of seed to 1 arpent of ground ; bat the Indigqfera an U, being 
more sparingly branched, and therefore takihg up less room, requires to be more 
thickly sown. At about ten or twelve days after sowing, when foe young mdigofera 
have attained a height of about 81 to 108 millimetres, foe ground must be carefolly 
weeded, and this operation most be repeated as soon as the weeds have again made 
their appearance commenced to interfere with foe growth of foe crop. When foe 

season is favourable three months are generally sufficient to enable foe plants to attain 
foe degree of development necessary for foe production of indigo. At foe period 
when inflorescence commences foe plant is fer richer in colouring matter than at any 
other. As soon, therefore, as there are any indications of flowering, and when foe 
lower leaves, in foe axils of which foe flowers appear, begin ^ to acquire a yellowish 
tint, and when pressed iibfoe hands produce a slight crackling noise, no time must 
be lost in cutting down foe plant This is effected by means of good knives or sickles, 
and as near foe ground as possible. The stems, after being cut, are tied together intQ 
bundle* or aheavea and carried to the mannflwtoir. 8mce the eolonnng principle of 
the indigofare ia extremely euaoeptible of change by the notion of deatroetire agenettaj 
it janaacwirr to nae the ntrooct despatch in gathering the crop, and to bare the menn- 

Ihetory of each a riae in proportion to the plantation, that no tune may bo wet ip work* 

tag np the material aa aoonaa gathered. The plant* mut on noaceount be ent whed 
they*™ moiatened either vithninw dew. became mthia eaae they acquire a blaokiah 
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tint in consequence of the friction to which they ire exposed in catting them and 
taking them to the manufactory, this tint being a sign of the disappearance of the 
colouring matter. Besides this, it has been observed that during the continuance of 
rain the indigo-prodncing principle diminishes very considerably, and sometimes 
even disappears entirely, so that, if cat daring or Immediately after nun, the plants 
yield little or no indigo. The indigo plant is subject to the attack of a green cater- 
pillar, which sometimes appears in such quantities as to destroy the whole crop. No 
certain and easy means of destroying this pest is known. It nas been recommended 
to pass wooden rollers over the ground, before the plants have attained any great 
else, so as to crash the caterpillars without injuring the plants, and this plan has been 
attended with partial success. 

In order to obtain good results in the manulkcture of indigo, it is necessary that 
the plants should he of the same age, of the same species, and frojn the same field. 
The Indigojera and begins to ferment several hours sooner than* the /. tinctoria, 
so that if a mixture of both he taken, the produce from either one or the other will be 
lost, and the indigo obtained will also be of a bad quality. The plants should, as 
soon as possible after being gathered, be placed in the steeping vat, which is a vessel 
bnilt of bricks, and v*ell fined with cement, from 3£ te 8 metres in length, of the 
mum width, and about 1 metre deep. In this vessel the plants ire arranged in suc- 
cessive layers, the lower layers being slightly inclined towards one end, m order to 
facilitate the subsequent running off of the liquor. The vessel being fall, a number 
of poles of fir-wood are laid lengthways over the plants, at a distance of 162 milL 
from one another. Three beams are then laid crosswise over the poles, their ends 
being well secured by passing them through slits which are cut in the upright 
posts at tiie sides of the cistern, and then fixing them by means of iron pins, passing 
through holes in the posts. By this means the plants are prevented from rising above 
the surface of the liquor during the process of maceration. The vat is now filled 
with water from an adjacent cistern, in which 4t has been allowed to stand for 24 
hours for the purpose of allowing all foreign matters contained in it to be depo- 
sited. After standing in contact with the leaves for about 6 hours, a change usually 
begins to manifest itself in the liquor, which must therefore, from that time forward, 
be carefoUy watched. As soon as this liquor begins to acquire a green colour, and 
when a little of it on being kept for a short time in the mouth, leaves a slight impres- 
sion of harshness (Apreti) on the tongue and the palate, it is a sign that the macera- 
tion is complete, and that the liquor should be drawn off without delay. If this be 
not done, tiie colour of the liquor changes from green to brown, a new species of 
fermentation commences, accompanied by the formation of acetic acid, and the 

{ riant begins to yield substances of a mucilaginous nature, which contaminate the 
ndigo, and completely spoil its quality. It is therefore of the greatest importance 
to ascertain exactly when the maceration of the plant is complete. The following 
are the chief indications of this point having been attained : — 1. When the water 
which was at first clear begins to become muddy and acquire a slight greenish tinge. 
2. When bubbles of a greenish colour rise to the surface here and there. 3. When 
towards the edge of the vat some mucilage, or a kind of greyish scum, commences to 
be formed. 4. When a very slight purple pellicle is observed on the surface of the 
liquor, especially near the corners of the vat 5. When the liquor begins ttt exhale a 
slight but not disagreeable odour of herbs. When the fermentation has proceeded 
too far, the follow ing phenomena present themselves ; — 1. A considerable quantity ofl 
large bubbles of air are disengaged, which burst at the surface, forming a layer of 
greyish mucilage. 2. The surface of the liquor becomes covered with a copper- 
coloured pellicle. 3. A heaving of the liquor in the vat is observed, giving rise to 
the disengagement of large greenish bubbles which communicate a brownish colour 
to the water. 4. The liquor acquires a fetid smell, a strongly acid taste, and a soapy 
appearance. These phenomena manifest themselves when the weather is hot, after 
the fermentation has continued about 12 or 14 hours. It then becomes impossible to 
obtain indigo of good quality, the only product being a black matter resembling wax. 

The liquor is now run off from the steeping vat into the beater, which is a cistern 
of about toe same dimensions as the former, but situated at a rather lower level. Here 
it is subjected to the beating process, the object of which 4s to expose the reduced 
indigo to the oxygen of the atmosphere, as well as to promote the disengagement of 
the carbonic acid gas with which the liquid is charged, and which prevents the pre- 
cipitation of the indigo. The beating is performed by men, who, provided with 
paddles, agitate (he liquid rapidly, so as to bring every part of it successively into 
contact with the air. It is of importance that this process should be broken off at the 
right moment, for if it be continued too long, the grain formed at first will redissolve 
tod be lost And if, on the other hand, it be arrested before the proper time has 
arrived, a portion of the indigo will remain unprecipitated. In order to ascertain in 
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what state the liquor it, a little of it must be poured into a drinking glut and «i ^H 
with an equal volume of clear water. If there it formed round the circumference of 
the glass a line of a bluish-green colour, the beating must be continued \ but if on the 
contrary the liquid appears of a uniform brown colour, and if on adding to it a few 
drops of dear lime water with the finger the indigo precipitates immediately in grains, 
the process must be arrested. The beating usually occupies from an hour and a half 
to two hours. The liquid is now to be wejl mixed with about ^th of its volume of 
clear lime water, and allowed to rest until the indigo hu quite settled. By opening 
successively the plugs which are placed at different heights in the side of the vessel, 
the clear liquor is then drawn off in separate portions and permitted to run away, care 
being taken that none of the indigo is allowed to be carried away with the water. 
By means of an opening situated near the bottom of the beating vat the indigo mixed 
with water is then run off, and flowing through a canal is received on a cloth 
strainer or filtdh This filter rests on a round or four-cornered vessel, (he top of 
which is on a level with the surface of the ground, and which is called the diabtotin. 
When the lipoid has ran through the filter, the indigo which remains behind in a state 
of paste is mixed up again with water, and the mixture is poured on a canvas filter and 
allowed to ran immediately into the boiler. The refuse matter, consisting of leaves of 
the plant, &c., remains on the canvas, while the indigo suspendedMn water runs through. 
The boiler is a vessel with sides of masonry, and a bottom consisting of a copper plate 
which rests on iron bars, and is well cemented to the sides. Underneath the copper 
plate is the fire-place. The top must be covered with a wooden lid, consisting of two 
flaps which are fixed to hinges at the sides and meet together over the top. At the 
moment when the mixture of indigo and water is introduced into the boiler, the latter 
most already be about one third full of hot water, the mixture being sufficient almost 
to fill it entirely. The beat is now raised gradually to the boiling point, and the 
boiling is continued for about two houra. In order to prevent the indigo from ad- 
hering to the bottom and sides of thf boiler, the liquor must be kept continually stirred 
with a wooden rake. The object of the boiling is to drive away all the carbonic 
acid that may still be present in the liquor, to remove the soluble extractive matters 
which would render the indigo dull and impure, to prevent the fermentation or putre- 
faction of the indigo which would otherwise take place, and lastly, to fiicilitate the 
subsequent processes of filtering and pressing. The fire having been removed, the 
liquor is allowed to stand for some time, and as soon as the indigo has settled, the 
supernatant liquid is drawn off by means of taps fixed in one of the sides of the 
boiler. The lowest tap is then opened, and the indigo is ran off with the water and 
received on a filter, consisting of blue Guinea cloth stretched on a frame. The first 
portions of liquid which run through are usually coloured with indigo, and must 
therefore be caught in a suitable vessel and poured on the filter again. As soon as 
the liquid has percolated, the indigo, which is now a compact paste, is removed from 
the filter by means of a wooden ladle and pnt into a press, which consists of a wooden 
box pierced with holes. The press having been lined with cloth, the indigo is put in, 
the cloth is folded round it as evenly as possible, a wooden lid is dropped on the 
cloth, and the mass is submitted to pressure by means of a screw, until no more liquid 
runs through at the bottom, which takes place as soon as the indigo has been reduced 
to abouHa third of its original volume. The press is then opened, the indigo is taken 
oat of the cloth, laid on a tabic and divided by means of a knife into pieces of a cubical 
shape. These cubes are then taken to the drying shed, where they are placed on 
trellises covered With matting or very thin doth, so as to admit of the free passage of 
air. Care must be taken not to dry them too rapidly, otherwise the cakes would 
crack and split into fragments, which are then of little commercial value, aid it is 
therefore necessary to protect them from currents of dry air by covering them with 
canvas or Guinea cloth. Oaring the drying process, which occupies from 8 to 10 
days, the cakes should he turned several times. They are then closely packed in 
boxes, each box holding about 25 kilogrammes. The boxes should be lined with paper. 

It may he remarked, that when the indigo is of good quality, the volume of the paste 
diminishes very little when subjected to pressure. If the process of filtering takes up 
much time and the pressing is attended with difficulty, it may he anticipated that the 
indigo will torn out of J>ad quality. This may proceed from the plant having heed 
overgrown, or from the maceration or the beating process having been continued too 
long, or from the employment of too large a quantity of lime water. The difficulty 
experienced in p r essing the indigo paste, and which is often so great as to cause the 
doth ih Which it is enveloped to break, is caused by the presence of a mucilaginous or 
viscous substance with the indigo, which may be removed by treating the paste 
■gain With boiling water, and repeating the operations of filtering and pressing. 

to regard to the state in which indigo exists in the plants from which it is derived, 
and the nature of the process by which it is obtained, various opinions have been 
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entertained by chemists. Berthollet In bis work on dyeing says, 11 that the three parts 
of the p r o ces s employed hare each a different object. In the first a fermentation is 
excited, in which the action of the atmospheric air does not intervene, since an in- 
flammable gas is evolved. There probably revolts from it soGoe change in the com- 
position of the colouring particles themselves ; bat especially the separation or 
detraction of a yellowish substance, which gave to the indigo a greenish tint, and 
tendered it susceptible of undergoing the chemical action of other substances. This 
species of fermentation passes into a destructive putrefaction, because the indigo has 
a composition analogous to that of animal substances. Hitherto the colouring par- 
ticles have preserved their liquidity. In the second operation, the action of the air is 
bronght into play, which, by combining with the colouring particles, deprives them 
of their solubility, and gives them the blue colour. The beating serves, at the same 
time, to dissipate the carbonic acid which is formed in the first operation, and which 
by its action presents an obstacle to the combination of the oxygen. The separation 
of this acid is promoted by the addition of lime ; bat if an excess be introduced, it 
counteracts the free combination of the oxygen. The third part of the process has 
for its objects : the deposition of the colouring matter, become insoluble by combina- 
tion with oxygen, its separation from foreign substances, and its desiccation, which 
gives it more or less hardness, whence its appearance varies.” Pe Cossigny was of 
opinion that volatile alkali was the agent by which the colouring matter was ex- 
tracted from the plant and held in solution until volatilised by the agitation process. 
Roxburgh concluded from his experiments, M that the indigo plants contain only the 
hose of the colour, which is naturally green ; that much carbonic acid ia disengaged 
daring its extrication from the leaves ; that the carbonic acid ia the agent whereby it 
is probably extracted and kept dissolved ; that ammonia is not formed during the 
process ; that the use of the alkalies employed is to destroy the attraction between the 
base and the carbonic acid ; and that the vegetable base being thereby set at liberty, 
combines with some colouring principle from thfj atmosphere, forming therewith a 
coloured insoluble fecula, which falls to the bottom and constitutes indigo.” 

Chevron], who was the first chemist of any eminence to examine the indigo- 
hearing plants and their constituents, inferred from his analyses of the Iaatis tinctoria 
and the Indigofera anil, that these plants contain indigo in the white or reduced state, 
in the same state in which it exists in the indigo vat ; that in this state it is held in so- 
lution by the vegetable juices, and that when the solution is removed from the plant, 
it is converted by the action of the atmospheric oxygen into indigo-blne. Giobert, 
from an examination of the Isatis tinctoria , drew the following conclusions: — I. In- 
digo-blue does not pre-exist in the plant, but is formed during the operations by 
means of which we believe it to be extracted. S. There exists in a small number of 
plants a peculiar principle, different from all the known proximate constituents of 
plants, and which has the property of being convertible into indigo; this principle 
may be called indigogene, 8. This principle differs from indigo in containing an ex- 
cess of carbon, of which it loses a portion, in passing into the state of indigo-blne, by 
the action of a small quantity of oxygen which it takes up. 4. The loss of this 
portion of carbon must be attributed to its undergoing combustion, and being con- 
verted into carbonic acid. 5. It differs in its properties from common indigo in being 
colourless and soluble in water, and by its greater combustibility, which corpses it to 
undergo spontaneous combustion at the ordinary temperature of the atmosphere. 
6. Its combustibility is enhanced by heat and by combination with alkalies, especially 
lime ; it is diminished by the action of all acids, even carbonic arid. About the year 
1889, the Pglogtmum tinctorium , an indigo-bearing plant indigenous to China, became the 
subject of a series of investigations by several French chemists, chiefly with a view to 
ascertain whether this plant, if grown in France, could be advantageously employed in 
the preparation of a dyeing material as a substitute for foreign indigo. B&udrimont and 
Pelletier, after an examination of this plant, arrived at the conclusion that the indigo 
ia contained in it as reduced indigo, in the same state as it is in wood, according to 
Chevron!. Robiqnet, Colin, Turpin, and Joly, on the other band, expressed a very 
decid e d conviction that indigo-blue pre-exists in the plant, but not in a free state ; 
that it is combined with some organic substance or substances, which render it soluble 
In water, ether and alcohol ; and that the operation of potent agencies is requisite in 
eider to destroy this combination and set the indigo at liberty. The explanation of 
Chevron], proceeding from an authority of soch eminence, and being the simplest, 
has been adopted by most chemists. Nevertheless there are objections to it which 
render it inadmissible. Reduced indigo is a body which is only soluble in alkalies, 
t and cannot, therefore, be contained as such in the juice of indigo plant* which is 
mostly acid. As it aim takes op oxygen with the greatest avidity, and Is converted 
into indigo-Uue, it is difficult to conceive how the whole of it can be preserved in a 
Mkrariess state in the cells of plants, in which it must occasionally come in contact 
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with the oxygen eliminated by the vegetable organism. If those plants contained 
reduced indigo, the Juice ought, moreover, to turn blue the moment it became exposed 
to the atmosphere, which is not always the case* The necessity for a long prooess of 
fermentation in ordewto obtain the colouring matter would also not be very apparent, 
the mere contact with oxygen being, it might be supposed, all that was necessary for 
the purpose. The facility with which the indigo-blue is destroyed if the process of 
fermentation is carried too far, is^also inconsistent with the supposition that h is con- 
tained in plants either as such, or in a deoxidised state, since indigo-blue is a body 
not easily decomposed, except by very powerful agents. 

In order to throw some light on this subject, an investigation was undertaken by 
Schunck into the state in which indigo-blue exists in the Itatis tmetoria, or common 
wood, which is the only plant indigenous to Europe that yields any considerable 
quantity of the colouring matter. Schunck succeeded in obtaining from that plant a 
substance of wery peculiar properties, to which he gave the name of Indican. This 
substance has the appearance of a yellow or light brown transparent syrup. It has 
a bitter taste. It is very easily soluble in water, alcoliol. and ether; its solutions are 
yellow and have an acid reaction. Its compounds with bases are yellow. When its 
watery solution is mixed with a strong acid, such as muriatic or sulphuric acid, no 
change takes plums at first; but on leaving the solution to stipd, or on heating it, it 
becomes blue and opalescent, then acquires a purple colour, and at length deposits a 
quantity of purplish-blue flocks, which are quite insoluble in water. These flocks 
consist for the most part of indigo-blue, but they contain also a red colouring matter 
and several brown substances of a resinous nature. The supernatant liquid contains 
a peculiar kind of sugar, and on being distilled, yields carbonic, formic, and acetic 
acids. Hence it follows that the plant does not contain indigo-blne ready formed 
either in the blue or colourless state, that the latter exists in the vegetable juice iu a 
state of combination with sugar, forming a compound of that peculiar class known to 
chemists as glucondea. This compound is readily dissolved by water, and the indigo- 
blue may then be liberated and precipitated from the solution by means of acids, and 
probably also by other agents, but the simultaneous action of oxygen is not necessary 
during the prooess of decomposition, which the compound undergoes in yielding in- 
di go-blue. Now if, as seems probable, the various species of indigofera contain indi- 
can or some similar substance, the phenomena which take place during the process of 
manufacturing indigo may easily be explained. During the steeping process the 
indican is dissolved, and in consequence of the fermentation which then takes place 
in the liquor it is decomposed into indigo-blue and sugar. The former would then be 
precipitated, but since ammonia is, according to most authors, evolved at the same 
time, the indigo-blue is, by the simultaneous action of the alkali and the sugar, or other 
organic matters contained in the liquid, reduced and dissolved, forming a true indigo 
vat, from which the colouring matter is afterwards precipitated by the combined 
action of the atmospheric oxygen and the lime, during the beating process. Accord- 
ing to Schunck, two distinct periods may be observed m the decomposition of indican. 
During the first period, indlgo-blue is the chief product of decomposition; during 
the second, the red and brown resinous matters make their appearance with very 
little indigo-blue. The formation of carbonic, acetic, and formic acids is, according to 
Schuqpk, dependent on that of the brown resinous matters. It would appear, therefore, 
that the copies* disengagement of carbonic acid, as well as the acid taste, attributed 
to acetic acid, sometimes observed during the manufacture of indigo, are phenomena 
which indicate the formation, not of indigo-blue, but of other substances, which may 
prove very injurious to the quality of the indigo. These substances being soluble in 
alkalies, but insoluble in water, are precipitated, as soon as the liquid loses the alka- 
line reaction which it possesses at the commencement, and becomes acid. Though 
indigo-blue is a body of very stable character, not easily decomposed when once formed, 
except by potent agencies, still the assertion of Perottet and others, that “nothing is 
more fogitive and more liable to be acted on by destructive agencies, than the colour- 
ing principle of the indigofera,” will be easily understood when the following facts, 
mentioned by Schunck, are taken into consideration. If a watery solution of indican, 
this indigo-producing body, he boiled for some time, it then yields by decomposition, 
not a trace of indigo-blue, hut only indigo- red, and if it be boiled with the addition of 
alkalies, it then gives neither indigo-blue nor indigo-red, but only the brown resinous 
matters before mentioned. JThe mere action of alkalies is therefore sufficient to cause 
the molecules, which would otherwise have gone to form indigo-blue, to arrange them- 
selves in a totally different manner and yield products which bear very littieresem- 
blanoe to it It is evident, therefore, that one of the chief objects to be kept m view 
by the manufacturer of indigo, is the proper regulation of the process of fomentation, 
so as to prevent the formation of the other products, which take the place of indigo* 
blue, and are formed ut its expense. 
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The indigo of co mme rce occurs in pieces, which are sometimes cubical, sometimes 
of an irregular form. These pieces are firm and dry, and are easily broken, the frac- 
ture being dull and earthy. It is sometimes lighter, sometimes appartmfy heavier 
thin water, this difference depending on its being more or l?as free from foreign 
impurities, as well as upon the treatment of its paste in the boiling, pressing, and 
drying operationa Its ooloar is blue of different shades s as light^blne, purplish- 
bine, coppery-bine, and blackish-bine. On being robbed with the nail, or a smooth 
hard body, it assumes the lustre and hue of copper. It is usually a homogeneous mass, 
but it occasionally contains grains of sand or other foreign bodies, and sometimes 
presents inequalities of colour. It is frequently frill of small cavities, which proceeds 
from the drying process having been conducted too rapidly, and it is also covered at 
times with a whitish matter consisting of monld. It varies very much in consistency, 
being sometimes dry, hard, and compact, whilst sometimes it is easily broken into thm 
flat pieces. Indigo is devoid of smell and taste. When applied to the tongue, how- 
ever, it adheres slightly, in consequence of the property which it possesses of rapidly 
absorbing moisture, a property which is often had recourse to in order to ascertain its 
quality. When thrown on red-hot coals it yields vapours of a deep purple colour, 
whien, when condensed on cold bodies, give shining needles having a coppery lustre. 
It is insoluble in water^cold alcohol, ether, mnriatio acid# dilute sqjphuric acid, cold 
ethereal and fkt oils ; bat boiling alcohol and oils dissolve a little of it, which they 


Indigo varies very much in quality, but it requires much discrimination m order to 
judge fairly of the quality of any sample from mere inspection and application of the 
tests usually employed by dealers. A cake of indigo being broken, and the nail or 
the edge of a shilling being passed with a tolerable degree of pressure over the frao- 
tnred'part, a fine coppery streak will be produced if the indigo is good. If the indigo 
frirrows up on each side of the nail, it is weak and bad, and if the coppery streak be not 
very bright it is not considered good. When a piece of indigo is broken the fracture 
should be held np to the sun, and, if it has not been well strained from the dross, 
particles of sand will be seen glistening in the son-light. The outside or coat should 
also he as free from sand as possible. When the squares are broken in the chests the 
indigo fetches a low price, and if it is very much crushed it is only bought by the 
consumers fbr-immediate use. The methods employed for ascertaining the true amount 
of colouring matter in any sample of indigo will be described below. 

Indigo is generally classified according to the various countries from which it is 
obtained. The principal kinds are the following : — Bengal, Oude, Madras, Manilla, 
Java, Egyptian, Guatemala, Caraccas, and Mexican. 

At the present day the finest qualities of indigo are obtained from Bengal, the pro- 
duce of that countiy having now taken the place in public estimation which was once 
occupied by that of the Spanish colonies. The export of indigo from Bengal, which 
in 1853 amounted to 120,000 maunds (of 74 lbs. 10 ox.), would require for its culture 
about 1,025,000 acres, and an annual expenditure of 1,300,0002. Of this extent of 
land about 550,000 acres is believed to be included in the Lower Provinces, and con- 
sists chiefly of allnvial land rescued from the rivers. The best qualities of Bengal 
indigo are manniketnred in the Jessore and Kishenaghaur districts, hat each district 
produces a quality peculiar to itself, and differences of a less striking character may 
be perceived in the prod nee of different fketories. The Bengal indigo, when packed 
in chests, consists or fonr principal qualities, via., the bine, purple, violet, and copper. 
But these kinds, by passing over into one another, produce a number of intermediate 
varieties, such as purply blue, blue and violet, purply violet, &c. The varions quali- 
ties would, therefore, be distinguished as follows : — 1. Bine. 2. Bine and violet 
8. Purple. 4. Purple and violet 5. Violet 6. Violet and copper. 7. Copper. 
The leading London brokers, however, classify Bengal indigo into the following 
grades : — fine bine, fine purple and violet, fine red and violet good purple and violet, 


characteristics. They consist of cubical pieces, are light brittle, of a clean fracture, 
soft to the touch, of a fine bright bine colour, porous, and adhering to the tongue. The 
lower qualities have a duller colour, assume more and more of a reddish tinge, are 
heavier, more oompact and less easily broken. * 

The indigo from the upper provinces of India comes ( chiefly from Tyroot Oude# 
and Benares. It Itinforior to Bengal indigo. 

Of Madras indigo there are two kinds, vis. : 1. Dry leaf; made from dry stacked 
leaves i and 2. Knrpeh, which is manniketnred from the wet leaf in the same way as 
Bengal indigo. The latter has only come into use since 1830. Both are of inferior 
qualify to Bengal indigo. 

The Manilla indigoes present the marks of the rushes upon which they have been 
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dried. The pleees are either cubical, or flat and square, or of irregular shape. The 
quality ia yery unequal. Java indigo oeenrs in flat, square, or loaenge-sbaped masses, 
toe quality approaching that of Bengal. Both these kinds are consumed chiefly on 
the continent of Europe. 

Guatemala indigo u imported into this country in serous or hide wrappers, each 
containing about 150 lbs. net It,oeeurs in small irregular pieces, which are more 
or less bnttie, compact, lighter than water, and of a bright blue colour with an occa- 
sional tinge of violet. There are three kinds of Guatemala indigo, vis. : 1. Flores, 
which is the best, and approaches in quality, that of the finer Bengal indigoes ; 2. 
Sobresj and 8. Cortes, which is the lowest in quality, being heavy, difficult to break, 
and of a coppery-red colour. Of the first kind very little now reaches the market. 
The indigo of Caracoas is, generally speaking, inferior to that of Guatemala. 

The manufacture of indigo was formerly carried on in St. Domingo, bnt has for 
some time beezf entirely abandoned. * 

The indigo of commerce, even when not adulterated, is a mixture of different 
matters. When it is heated in a state of fine powder to 212° F. it loses from 5 to 10 
per cent in weight, the loss consisting of water. When the dry powder is heated in 
a crucible, a great part of it burns away, and there is left at last a grayish ash, con- 
sisting of the earifenates and phosphates of lime and magnesia, sulphate of lime, alu- 
mina, oxide of iron, day, and sand. These matters are partly derived from the plant, 
partly from the lime and the impurities of the water employed in the manufacture. 
The quantity of inorganic matter contained in ordinary indigo varies very mneh. In 


The quantity of inorganic matter contained in ordinary indigo varies very mneh. In 
the better qualities it amounts on an average to about 10 per cent of the weight ; 
whilst in the inferior qualities, especially of Madras indigo, it often rises to between 
80 and 40 per cent The organic portion of the indigo, or that which is dissipated 
when indigo is heated, also consists of several different substances. 

By treating indigo with various solvents, Berselius obtained, besides indigo-blue^ the 
true colouring matter of indigo, thjee other bodies, vis. indigo-gluten, indigo-brown , and 
indigo -red, which seem to be contained in various proportions in all kinds of indigo. 
Indigo-gluten is obtained by treating indigo with dilute sulphuric, muriatic, or acetic 
acid, and then with boiling water. It is left on evaporation of its solutions as a yellow 
transparent extract, which is soluble in spirits of wine, and easily soluble in water, 
more difficultly in acid liquids. Its taste is like that of extract of meat It yields by 
dry distillation mncb ammonia and a fetid oil, and behaves in most respects like vege- 
table gluten. On treating the indigo, after being freed from the indigo-gluten, with hot 
strong caustic lye, the indigo- brown together with a little indigo-blue dissolves, 
forming a dark brown, almost black solution, from which the indigo-brown after fil- 
tration from the portion insoluble in alkali is precipitated by means of acid. After 
being purified, indigo-brown has the appearance of a dark brown transparent resin, 
which is almost tasteless and quite neutral. By dry distillation it affords ammonia and 
empyreumatio oil. It is decomposed by nitric acid and chlorine. It combines both 
with acids and bases. Its compounds with alkalies are dark brown, and easily soluble 
in water. The compound with baryta is not easily soluble in water, and that with 
lime is insoluble. By boiling the alkaline compounds with lime in excess the indigo - 
brown may be separated and rendered insoluble. The green substance obtained by 
Chevrfel from indigo seems to have been a compound of Indigo-brown with ammonia 
containing a little indigo-blue, either in a state of combination or mechanically inter- 
mingled. Indigo-brown seems to bear a great resemblance in many of its properties to 
the brown resinous substances obtained by Schunek in the decomposition of indican with 
acids. From its constant occurrence in all kinds of indigo, it may be inferred that it is 
not a mere accidental imparity, but stands in some unknown relation to indigo-blue. As 
long, however, as its origin and composition are unknown, this most remain a mere 
supposition. After the removal of the indigo- gluten and indigo-brown, the indigo is 
exhausted with boiling alcohol of specific gravity 0*83. A dark red solution is obtained, 
which is filtered and distilled, when the indigeed contained in it is deposited as a 
blackish-brown powder, which is quite insoluble both in water and in alkaline liquids. 
Indigo-red, according to Berzelius, is amorphous, but by distillation in vacuo yields a 
white crystalline sublimate, as well as unchanged indigo-red. Concentrated sulphuric 
aeid dissolves it, forming a dark yellow solution, which deposits nothing on being mixed 
with water ; the diluted solution is rendered colourless by wool, which at the same time 


leaves it doubtfol whether the indigo-red obtained by him from jpdigo was a pure 
unmixed substance. From the leaves of the indigofera, as well as from those of the 
Isatit Hnctoria , a substance may, according to Sehnnck, be extracted which has rey 
oeived from him the name of ineurubine, bnt which seems to be merely mdigo-red in a 
state of purity. This substance has, according to Schnnck, the following properties : 
it crystallises in small silky needles of a brownish-purple colour, which v hen rubbefl 
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with a hard body show a alight bronie-like lustre. When carefhlly heated It may be 
entirely volatilised, yielding a yeQowish-red vapour, which condenses in the form of long 
plam-ootonred needles, having a slight metallic lustre. It dissolves in concentrated 
sulphuric acid, forming a solution of a beautifol purple colon!, which when dilated 
with water yields no deposit and then imparts a fine purple colour to cotton, wool, and 
silk. It is insoluble in water, but dissolves in boiling alcohol with a splendid purple 
colour. It is insoluble in alkalies, but dissolves whin exposed to the combined action 
of alkalies and reducing agents, just as ihdigo-blue does, forming a solution from 
which it is again precipitated on exposure to the oxygen of the atmosphere. This 
solution dyes cotton purple. In most of its properties this body bears a striking re- 
semblance to indigo-blue, and the composition of the two is identical. 

It has been doubted whether these various substances or impurities with which 
indigo-blue is associated produce any effect in the dyeing process on cotton. In a 
memoir by Schwanenberg, to which a prise wsa awarded by the 8oci£t€ Industrielle 
de Mulhouse, the author arrives at the conclusion that neither indigo-gluten, indigo- 
brown, nor indigo-red gives rise to any appreciable effect when added to an indigo vat 
prepared with pore indigo-blue. Nevertheless differences are observable in dyeing with 
different kinds of indigo, whieh can only be explained on the supposition that some- 
thing besides indigo-bLre takes part in the process. In tile ordinary bine vat, made 
with copperas and lime, any effect which might be produced in dyeing, by the indigo- 
brown is neutralised by the lime, which forms with it an insoluble compound. Indigo- 
red, however, dissolves, as mentioned above, in contact with alkalies and reducing 
agents, and the solution imparts a purple colour to cotton. In the ordinary indigo 
vat its presence may be detected by precipitating a portion of the liquor, and treating 
the precipitate with boiling alcohol, which then usually acquires a red odour. It is 
possible, therefore, that a small part of the effect produced in dyeing with indigo may 
be dne to indigo-red. 

That portion of the indigo which remains after treatment with acid, alkali, and 
alcohol consists essentially of indigo-blue, the true Colouring matter of indigo, mixed, 
however, with sand, earthy particles, and other imparities. In order to purify it, the 
residue, while still moist, is to be mixed with lime, the quantity of which must amount 
to twice the weight of the erode indigo, and which has been previously slaked with 
water. The mixture is then pnt into a bottle capable of holding about 150 times 
its volume of water, and the bottle is filled up with boiling water and shaken. A 
quantity of finely powdered protosulphate of iron, amounting to ] of the weight of 
the lime is then added, the bottle is closed with a stopper, well shaken, and left 
to stand for several hours in a warm place. The mass gradually becomes green, and 
the indigo-blue is then converted by the precipitated protoxide of iron into reduced 
indigo, which dissolves in the excess of lime, forming u deep yellow solution. Tins 
solution when clear is poured off from the deposit into a vessel containing a sufficient 
quantity of dilute munatic acid to supersaturate the whole of the lime. The reduced 
indigo which is precipitated in greyish-white flocks, is agitated with water until it has 
become bine, and the regenerated mdigo-blne is collected on a filter and washed with 
water, in order to remove the chloride of calcium and excess of muriatic acid. The 
fallowing method of obtaining pore indigo-blue has been recommended by Fritssche : 
4 os. of erode indigo and the same weight of grape sugar are pnt into a bottle rapable 
of holding IS lbs. of water; a sedation of 6 os. of concentrated caustic soda' lye in 
alcohol is then added, after which the bottle is filled with hot spirits of wine of 75 per 
cent, and the whole is left to itself for some time. The liquid becomes at first wine-red, 
then yellow, and on being filtered and left exposed to the air, deposits the indigo-Mue 
in small crystalline scales, which are to be filtered off and washed at first with alcohol, 
and then with water. 

Pore indigo-blue has the following properties : —Its colour is dark blue inclining to 
purple. When nibbed with a hard body it assumes a bright coppery lustre. It has 
neither taste nor smell, possesses neither acid nor basic properties, and belongs, as 
regards its chemical affinities, to the class of indifferent substances. Its specific gravity 
is 1-50, When heated in the open air it melts, boils, and burns with a smoky flima, 
leaving a carbonaceous residue. But when it is heated in a vessel partially closed, or 
in vacuo, it begins to evolve at a temperature of about 550° F. a violet coloured 
vapour, which oondenses on the colder parte of the apparatus in the form of long 
crystalline needles, whieh are bine by transmitted light, put exhibit by reflected li ght 
a beautifol coppery lustre. These needles are unchanged indigo-blue. A great 
portion of the indigo-blue is however decomposed during the heating process. Indigo- 
blue is insoluble in water, alkalies, and dilate adds. Boiling alcohol and boiling oil 
If turpentine dissolve a minute quantity of it, and deposit it again on eooting. Fixed 
oils also dissolve a little of it at a heat exceeding that, of boiling water, yielding blue 
•dntions, the odour of which, when the heat is farther increased, changes, according 
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to Mr. Crum, first to crimson and then to orange. By the action of dilute nitrie and 
chromic tccidi indigo-blue ii decomposed and converted into uatine, a body soluble in 
water and crystallising in red needles. Chlorine also decomposes indigo-blue, 
changing it into cMortmUme, a substaftoe haring properties very similar to those of 
isatine. Both isatine tad chloriaatine afford with different reagents a great number 
of products of decomposition, none of which hare, however, as yet found any applica- 
tion in the arts. By the long continued notion of boiling nitric acid indigo-blue is 
converted, first into indigotic acu£ a white crystalline acid, and then into nitropicric 
acid t which is yellow and crystallised. The latter is sometimes employed for impart- 
ing a yellow eolonr to silk and wool, but it is generally prepared from cheaper 
materials than indigo- blue. The action of concentrated sulphuric sold on indigo- 
blue is very remarkable. When the add, is poured on the pure substance and gently 
heated it acquires in the first instance a green colour, which changes after some time 
to blue. No gas of any kind is evolved. When however crude indigo is employed, 
there is a perceptible disengagement of sulphurous add, resulting from the action of 
tbe sulphuric add on the impurities of the indigo, such as the indigo-gluten, &c. 
On adding water, a eolation of a beautifhl deep blue odour is obtained. The filtered 
liquid contains a peculiar acid, to which the names of indigo-Mulpkuric, ndpkindiyotic, 
ndphindylie , or ceendeosvjphuric acid have been applied. 

This acid is a smoalled dduble acid. It contains indigo-blne and sulphuric aeid, but 
in such a peculiar state of combination, that neither of the two constituents can be 
detected by ordinary re-agents, nor again eliminated as such from the compound. 
It combines with bases, without either of the two constituents separating. The com- 
pounds are called indigo-sulphatee, and are, like the acid, of a dark blue eolonr. 
When the solution of indigo-blue in concentrated sulphuric acid is diluted with water, 
there is usually formed a small q uantity of a dark blue fiocculent precipitate, which is the 
pkenicine of Mr. Crum, or the indigo-purple of Berzelius. It is a compound of indigo- 
blue with sulphuric acid, containing less of the latter than indigo- sulphuric aeid. It 
is always formed when the quantify of sulphuric acid employed is not more than 
eight times that of the indigo-blne, or when the action of the acid on the latter has con- 
tinued for only a short time. By heating it with an excess of acid it is changed into 
indigo-sulphuric arid. Though soluble in concentrated sulphuric acid, it is insoluble 
in the dilute acid, and hence is precipitated on the addition of water. On filtering 
and washing, however, it begins to dissolve, as soon as the free sulphuric arid has 
been removed, and may then be completely dissolved by pure water. The«olution 
has a blue colour, just like that of indigo-sulphuric acid. Its compounds with bases 
have a bine eolonr with a purplish tinge. The bine acid liquid filtered from the in- 
digo-purple on being supersaturated with carbonate of potash or soda, deposits a dark 
bine powder, which consists of the indigo-sulphate of potash or soda. These compounds 
are insoluble in water containing a large quantity of neutral salts, and are therefore 
precipitated when the excess of sulphuric acid is neutralised by carbonate of potash 
or soda. As soon, however, as the sulphate of potash or soda has been removed by 
washing, the indigo-sulphate may be dissolved in pare water, yielding a dark-bine 
solution. The indigo-sulphates of the alkalies may also be prepared by steeping 
wool, previously well cleaned, into the solution in sulphuric acid. The wool takes up 
the colour, becoming of a dark bine colour, and after having been well washed with 
water, gi order to remove the excess of acid as well as the imparities which are 
always present in the solution when crude indigo has been employed, is treated with 
carbonate of potash, soda, or ammonia, which separate the acid from tbe wool, and 
produce blue solutions containing the salts of the respective bases. The indigo- 
sulphates of the earths and metallic oxides, which are mostly insoluble blue powders, 
may be obtained from the alkaline salts by double decomposition. By an excess of 
caustic alkali, indigo- sulphuric arid is immediately decomposed, giving a yellow 
solution, from which it is impossible to obtain the acid again. By means of reducing 
agents, such as sulphuretted hydrogen, nascent hydrogen, protosalts of tin and iron, 
&c. t indigo-sulphune acid is decolorised, but the eolonr is restored by the oxygen 
of the atmosphere. Indigo-sulphuric acid, in a free state or in combination with 
alkalies, is employed in the arts for the purpose of imparting a blue colour to silk 
and wooL It hai very little affinity for cotton fibre, bat is nevertheless employed 
occasionally for blneiqg white cotton-yam and other bleached goods. 

By treatment with strong boiling caustic potash or soda lyej indigo-blue is gradually 
decomposed and converted into a colourless crystallised acid, anthranilic acid . . By 
weak solutions of caustic alkalies, it is not in the least affected. If, however, it be 
subjected to the combined action of an alkali or. alkaline earth and some body 
. having a strong affinity for oxygen, such as protoxide of iron or tin, sulphur, sul- 
phurous or phosphorous aeid, or organic matters, such as grape-sugar, foe.., is 
disappears by degrees, yielding a yellow solution, containing in the place of indigo- 
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Mae mother substance, which has been called ts digo-whiU, mdiaog t nt, or instead 
fedgn, When an excess of some acid is added to the yellow solution, We indigo- 
white is precipitated in white or greyish-white flocks, which on filtration and exposure 
.. to the atmosphere rapidly become blue, dad are reconverted into indiao-bloe. 
Indigo-white is insoluble m water, bnt sUgbtiy soluble in alcohol. It is soluble in 
ensue lime and baryta water. The solutions on exposure to oxygen become 

covered with a pellicle of regenerated indigo-blue. With an excess of lime it rives 
an insoluble compound. Its compounds with aluflina and metallic oxides, which are 
insoluble in water, may be obtained bf double decomposition. Balts of oxide of 
copper, when added to its solutions in alkali, convert it immediately into indigo-blue, 
the oxide of copper being reduced to suboxide. Indigo-blue is also converted into 
indigo -white, when it is exposed to the action of fermenting or putrefying substances, 
in the pretence of water. Here the decomposing organic matter is the reducing 
agent, and ammonia, which is usually formed during the process of putrefeetion, it 
this solvent of the indigo-white. If a pieoe of cotton, wool, or silk be dipped into an 
alkaline solution of indigo-white and then exposed to the atmosphere, it acquires a 
blue colour, which may be made deeper by repeated dippings, and subsequent 
expomre. It is on this property of indigo-white that the dyeing with indigo depends. 

The true chemical formula of indigo-blue, which was first discovered by Mr. Cram, 
is C lf H*NO*, and 10ft parts contain therefore by escalation 7.3*28 carbon, 3 81 
hydrogen, 10*68 nitrogen, and 12*23 oxygen. The formula of indigo- white is 
CJkffNO*, and it differs therefore from indigo-blue by containing 1 atom more of 
hydrogen, which is taken up during the so-called reduction of the latter, and lost 
again by oxidation during its reconversion into indigo-blue. 

Since the value of indigo depends entirely on the quantity of indigo-blue which it 
oontains, it is of great importance to ascertain the exact amount of the latter in an y 

E ’ven sample of the article. Before commencing the determination of the indigo- 
ue, a weighed portion of the indigo ought to be heated for some hours at 212° F„ 
and then weighed again. The loss in weight which takes place represents the amount 
of water contained in the sample. A weighed qhantity of the dried indigo is then 
to be heated over the flame of a lamp until all the organic matter has been burnt 
away. By weighing the residue which is left the amount'of ash or inorganic matter 
is ascertained. In order, in the next place, to determine the amount of indigo-blue, 
several methods have been devised by various chemists, none of which however 
yield vary accurate results. Of these methods the following are the principal ones 
1. A weighed quantity of finely pounded indigo is robbed with water in a porcelain 
mortar. An equri weight of pure lime is then slaked with water and the hydrate is 
well mixed with the indigo. The mixture is then poured into a stoppered bottle of known 
capaoity, and the nmrtar is well rinsed with water, which is added to the reBt. The 
bottle is now heated m a water-bath for several hours, and a quantity of finely pounded 
sulphate of iron is added ; the bottle is then filled up with water, the stopper is in- 
serted, and after the contents have been well shaken the whole is allowed to repose for 
some hoars, until the indigo has become reduced and the sediment has sunk to the 
bottom. A portion of the clear liqnor is then drawn off with a siphon, and the 
quantity of liquid having been accurately measured, it is mixed with an excess of 
muriatic acid, and the precipitate, after having been oxidised, is collected on a weighed 
filter and well washed with water. Lastly, the filter with the indigo-blue js dried 
at 212° F. and weighed, and the weight of the filter having been subtracted from 
that of the whole, the weight of the indigo-blue is ascertained. Supposing now that 
the whole quantity of liquid had been 200 measures, that 60 measures had been 
drawn off yielding 10 grains of indigo-blue, then the sample contained on the whole 
40 grains of the latter. For 60 grains of indigo it is necessary to take ‘ from lib. 
to Slbs. of water. 

According to Mr. John Dale of Manchester, who has had great experience in the 
valuation of Indigo for practical purposes, this method, though rather long and tedious, 
•till gives more accurate results than any other. The quantity of indigo-blue in- 
dicated by it is generally below the actual quantity contained in the sample. Accord- 
ing to Berxelins this loss arises from the lime forming an insoluble compound with a 
portion of the rednoed indigo- blue. Mr. Dale, however, is of opinion, that even when 
every precaution has been taken, a certain loss, proceeding from some hitherto un- 
ascertained caose, cannot be avoided. When for instance pure indigo-blne is treated 
with lime and copperas in the manner just described* the quantity which is again 
obtainod by precipitation from any portion of the liquid is always less than what 
it should be by calculation, even when no excess of lime has been employed. 

t. Hie second method of determining the indigo-blue is performed as follows. 
u Aboot Iff or 20 grains of pore indigo- blue, obtained by precipitation from an indigo 
vat, and the same quantity of the indigo to be tested, which must be previously ground 
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to t fine pqwder, are weighed off. and each of them is treated with shoot IS timet ho 
weight , of concentrated oulphorio acid is a flask or poroelain basin. After being 
heated at a temperature of 120° to 140~!F. for about 24 hours, and occasionally well 
agitated, the two liquids are mixed with water, so that the Toltune of the two A«n 
be exactly equal. Tw8 equal measures of a weak ablution of hypochlorite of lime 
are then taken, end to the first is added a quantity of the solution of pure indigo. 
The chlorine liberated by the excqys of sulphuric acid in the solution destroys Sie 
blue colour of the indigo-sulphuric acid, lfore of the solution must be added until 
the liquid begins to acquire a greenish tinge, and the number of measures necessary 
for the purpose is noted. . The same experiment is then made with the solution of 
crude indigo. The quantity of indigo-blue in the latter is of oonrse in inverse ratio 
to the number of measures which axe requisite in order to take up the whole of the 
chlorine which is liberated. If, for example, the same quantity of hypochlorite of 
lime decolorises 167 measures of the solution of pure indigo-blue and 204 measures 
of the solution of ernde indigo, then the quantity of indigo-blue contained in 100 parts 
of the latter is given by the following proportion ; 204 : 167 :: 100 : x —81*8. 

A number of samples of indigo may be tested in this manner at the same time. 
Caro must be taken to prepare a fresh solution of indigo-blue for every series of trials, 
since this solution undergoes^ change on standing, which renders it quite inapplicable 
as a standard of comparison. It is necessary also to pay tfreat attention at the 
moment when the greenish colour indicating an excess of the sulphate of indigo 
begins to appear, for it will often be found that this colour disappears after standing a 
few minutes, and a fresh quantity of the bine solution must then be added cantiouuy, 
until the greenish tinge becomes permanent, even after standing for some time. 
Modifications of this process have been introduced by various ohemists by the use of 
permanganate of potash, chlorate of potash, or bichromate of potash, in the place of 
hypochlorite of lime ; but as the principle on which the process depends is in each 
case identical an&the modus operandi is almost the same, it will be unnecessary to enter 
into any minute description of thesg modifications. The whole method is, however, 
open to serious objections, and the results which it affords cannot at all be depended 
on. In the first place, it is difficult to institute a strict comparison between the dif- 
ferent shades of colour resulting from the decomposition of the sulphate of indigo in 
different cases, since the pure green tinge observed when an excess of the pare 
sulphate has been added to the decomposing agent, gives place to a dirty olive or 
brownish- green, when a solution of crude indigo is employed, in consequenc#of the 
impurities contained in the latter. Secondly, it is almost impossible to avoid the 
formation of a certain quantity of sulphurons acid during the action of concentrated 
sulphuric acid on crude indigo. This sulphurons acid during the following operation 
becomes oxidised before the blue sulphate is destroyed, and henqe the percentage of 
indigo-blue is apparently raised. In employing this method, it is common to find 
more than 80 per cent of indigo-blne in a good sample of indigo, whereas the best 
qualities seldom contain above 60 per cent, and average qualities between 40 and .50 
per cent. This method may show a percentage of 70 indigo-blue, when the method 
first described indicates between 50 and 6a 

8. The third method of estimating the indigo-blne is performed in the following 
manner. Equal weights of the samples to be tested are treated with equal quantities 
of concentrated sulphuric acid in the manner above described, and the solutions are 
then dilated with water and introduced into graduated .glass cylinders, water being 
added to each until they all exhibit exactly the same shade of colour. The richer 
the sample is in indigo-blne, the greater will be the quantity of water necessary for 
this purpose, the number of measures of water required in each case indicating the 
relative amount The great objection to this method consists in the circumstance, 
that the different kinds of indigo do not give the same shade of bine when their solu- 
tions in sulphuric acid are dilated with water, some exhibiting a pure bine colour, 
others a blue with a greenish, or purplish tinge. It therefore becomes difficult to in- 
stitute an exact comparison between them. 

Employment of indigo in dyeing . — As indigo-blue is insoluble in water, and as it can 
. penetrate the fibres of wool, cotton, silk, and flax only when in a state of solution, the 
dyer must study, to bring it into this condition in the most complete mid economical 
manner. This is effected either by exposing it to the concurrent action of alkalies 
and of bodies which have an affinity for oxygen superior to its own, such as certain 
metals and metallic oxides, or by mixing it with fermenting. matters, or finally, hr 
dissolving it in a strong acid, such as the sulphuric. The first method a that which 
is employed in the 

» Copperaa or common Moo vat, — Before being used the indigo must be broken into 
small pieces, the sixo of nuts, moistened with hot water, and then left for a day t after 
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which It Is reduced to s soft paste in a mill The indigo mill is represented in ftgt. 
990. and 991. 

n, Is aim-sided Iron cistern, S feet 11 inches long, 10 inches broad, and 18 inches 
deep, cylindrical or rounded in the bottom, and resting upon gudgeons in a wooden 
frame. It has an Iron lid d, consisting of two leaves, betweeh which the rod amoves 
to and fro, receiving a vibratory motion from the crank i. By this construction, a 
frame e, which is made fkst in the cistern by twq points s' s', is caused to vibrate, and 




to impart its swing movement to six iron rollers/,/,/, four inches in diameter, three 
being on each side of the frame, which triturate the indigo mixed with water into a 
fine paste. This mill is capable of grinding 1 cwt of indigo at a time. Whenever 
the paste is uniformly ground, it is drawn off by the stopcock g 9 which had been 
previously filled up by a screwed plug, in order to prevent any of the indigo from 
lodging m the orifice of the cock, and thereby e*icaping the action of the rollers. 

Milk of other forms are also used occasionally. One of these consists of a hemi- 
spherical iron vessel open at the top, in which a stone of corresponding shape is fixed, 
so as to leave a small space between it and the sides and bottom of the vessel, in which 
the indigo undergoes the necessary trituration with water, the motion being produced 
by means of a vertical shaft fixed to the centre of the stone. 

The other ingredients necessary for setting the vat are copperas or protosulphate 
of iron, newly slaked quicklime, and water. Various proportions of these ingredients 
are employed, as for instance, 1 part by weight of indigo (dry), 3 parts of copperas, 
and 4 of lime ; or 1 of indigo, 2£ of copperas, and 3 of lime ; or 8 of indigo, 14 of 
copperas, and 20 of lime ; or 1 of indigo, } of copperas, and 1 of lime. The sulphate 
of iron should be as free as possible from the red oxide of iron, as well as from sulphate 
of copper, which would re-oxidise the reduced indigo-blue. The vat having been 
filled with water to near the top, the materials are introduced, and the whole after 
being well stirred several times u left to stand for about twelve hoars. The chemical 
action which takes place is very simple. The protoxide of iron which is set at liberty 
by the lime reduces the indigo-blue, and the indigo-white is then dissolved by the 
excess of lime, forming a solution, which, on being examined in a glass, appears per- 
fectly transparent and of a pare yellow colour, and becomes covered waerever it 
comes into contact with the air, with a copper-coloured pellicle of regenerated indigo- 
blue. The sediment at the bottom of the vat consists or sulphate of lime, peroxide of 
iron, and the incolnble imparities of the indigo, such as indigo-brown in combination 
with lime, as well as sand, day, &c. If an excess of lime is present, a little reduced 
indigo-blue will also be found in the sediment in combination with lime. 

The copperas vat is employed in dyeing cotton, linen, and silk. For cotton goods 
no other kind of vat is used at the present day. The dyeing process itself is very 
simple. The vat having been allowed to settle, the goods are plunged into the clear 
liquor, and after being gently moved about in it for some time are taken out, allowed 
to drain, and exposed to the action of the atmosphere. Whilst in the liquid the fhbrie 
attracts a portion of the reduced indigo-blue. On now removing it from the liquid it 
appears green, bat soon becomes blue on exposure to the air in consequence of the 
oxidation of the reduced indigo-blue. On again plunging it into the vat, the de- 
oxidising action of the latter does not again remove the indigo-blne which has been 
deposited within and around (he vegetable or animfcl fibre, bnt on the contrary, a 
fresh portion of reduced indigo-blne is attracted, which on removal from the liquid is 
agaiq oxidised like the first, and the colour thus becomes a shade darker. By repent- 
■ Ing this proeess several times, the requisite depth of colour is attained. This effee; 
cannot in any case be produced by one immersion in the vat, however strong it may 
be. The beauty of the colour A increased by finally passing the goods through 
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dilated sulphuric or mariatie acid r which removes the adhering lime and oxide of 
iron. After being used for some time the vat should be refreshed or fed with copperas 
and lime, upon which occasion the sediment most first be stirred up, and then allowed 
to settle again, so as to Igave the liquor dear. The indigo-blue, however, ia in course 
of time gradually removed, and by degrees the vat becomes capable of dyeing only pale 
shades of blue. When the colour produced by it is only very feint, it is no longer worth 
while using it, and the contents are then thrown away. Jn dyeing cotton with indigo, 
it seems to be essential ^hat the reduced indfgo-blue should be in combination with 
lime. If potash or soda be used in its stead it is impossible to obtain dark shades 
of blue. 

When cotton piece goods arc to be dyed of a uniform blue, they are not submitted 
to any preparatory process of bleaching or Vashing. Indeed the sine contained in 
unbleached goods seems rather to facilitate than to impede the dyeing process. In 
dyeing these good# a peculiar roller apparatus is employed. When certain portions 
of the febric are to retain their white colour a different plan is adopted. The pieces 
having been bleached, those portions which arc to remain white are printed with so- 
callcd resists. These resists consist essentially of some salt of copper, mixed with an 
appropriate thickening material. The copper salt acts by oxidising the reduced 
indigo-blue at the surfece, and thus rendering it insoluble before it can enter the in- 
terior of the vegetable fibre, since it is only when deposited within the fibre itself 
that the colouring matter becomes durably fixed. The pieces are now stretched 
upon square dipping frames, made of wood or of iron, furnished with sharp hooks 
or points of attachment These frames are suspended by cords over a pulley, and 
thus immersed and lifted oat alternately at proper intervals. In dyeing, a set of 
10 vats is used, the first vat containing 5 or 6 lbs. of indigo, and the quantity in- 
creasing gradually np to 80 lbs. in the last vat The pieces are dipped for 7J 
minutes in the first vat then taken out and exposed to the air for the same length of 
time, then dipped in the second vat, and so on to the last Alter passing through the 
lost vat, a small bit of the calico is dribd. in order to see whether the colour is suffi- 
ciently dark. If it is not the whole series most be dipped once more in the same 
vat in which the last dipping was performed. When the bottom of the vat is raked 
up so as to have more lime in suspension, the vat becomes what the dyer calls hanU 
that is to say, the oxide of copper of the resist is precipitated in a compact state, and 
consequently acts with more efficiency. Bot when the vat has been at rest for some 
time, and there is little lime in suspension, then it is called soft . When it is in this 
state, the oxide of copper is thrown down in a bulky form, and when the pieces arc 
afterwards agitated in the liquor, in order to detach the oxide of iron, which always 
floats about in the vat and attaches itself to the febric, and which if left adhering 
would cause light stains, technically called grounding ; then the oxide of copper is 
also detached, and the indigo penetrates to those parts which are to remain white. 
When cotton yam is dyed in the copperas vat, the latter is generally heated by means 
of steam pipes passing through the liquor, the object being to give to the colour the 
peculiar gloss or lustre, which is required in this class of goods. No preparatory 
process is required, except simply steeping in hot water. In dyeing, wooden pins ore 
put through the hanks, their ends resting on snpiwrts passing over the top of the vat, 
and the yam is then slowly tamed over, one half being in the liqnor, the other half 
over the pififc. It is then taken ont, wrung, exposed to the air, and again dipped, this 
operation being repeated until the requisite shade is obtained. 

The methods employed for producing the colours called Cldna blue and pencil blue 
on calico have been described under Calico Printing. 

The urine vat is prepared by digestion of the ground indigo in warmed stale urine, 
which first deoxidises the indigo-blue, and then dissolves it by means of its ammonia. 
Madder and alum are likewise added, the latter being of use to moderate the fermen- 
tation. This vat was employed more commonly formerly than at present, for the 
purpose of dyeing woollen and linen goods. 

Wood oat— In former times, woad was the only material known to the dyers of 
Europe for producing the bine colour of indigo. For this purpose it was previousjy 
submitted to a peculiar process of fermentation, and the product was named pastel in 
France. For most purposes indigo has taken the place of woad- in the dye-house, 
and for cotton goods it is ndw used alone. In the dyeing of woollen goods, however, ■ 
the nee of woad has been retained to the present day, for the purpose rather of ex- 
citing fermentation and thus reducing the indigo which is employed at the same 
time, than of imparting any colour to the material to be dyed. Indeed, the woad 
used by woollen dyers m tins country contains no trace of colouring matter. Various 
substitutes, such as rhubarb leaves, turnip tops, weld, and other vegetable matters, 
have accordingly been tried, but without success, .since the fermentation is more 
steadily maintained by means of woad than by any other material. Pastel, which 
vol. n. xx 
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does contain * little blue colouring matter, is preferred to wood by many of the 
French dyers, . The materials employed in the ordinair wood or pastel Tat, m ad- 
dition to wood and indigo, are madder, bran, and lime. In the so-called India* or pot- 
ask vmt, madder, bran, and carbonate of potash are used; in the Gorman vat, bran, 
carbonate of and quicklime, without woad. The chemical action which takes 
place in the woad Tat is not diffieolt to understand. The nitrogenous matters of the 
woad begin, when the temperature is raised, te enter into a state of fermentation, 
which is kept up by means of the sugar, starch, extractive matter, fee., of the mad- 
der and bran. In consequence of the ferm e ntation, the indigb-Mue becomes reduced, 
and is then dissolred by the lime, thus rendering the liquid fit for dyeing. Great 
care is necessary in order to prevent the process of fermentation from passing into 
one of putrefaction, which if allowed to proceed would lead to the entire destruction 
of the indigo-blue in the liquor. If any tendency to do so is observed, it ia arrested 
by the addition of lime, which oombin e s with the aoetie, lactic, and other organic 
acids that commence to form when putrefaction sets in. On tne other hand, an 
excess of lime must also be avoided, since the reduced indigo-blue is thereby ren- 
dered insoluble, and unfit to combine with the material. 

The following account of the method of dyeing woollen foods with indigo, as carried 
on at present in Yorkshire, may suffice to give a general idea of the process: — 

The dye-rats employed are circular, haring a diameter of Meet 6 inches, and a 
depth of 7 feet, and are made of cast iron | of an inch in thickness. - They are sur- 
rounded by brickwork, a space of 8 inches in width being left between the brickwork 
and the iron, for the purpose of admitting steam, by means of which the rats are 
heated. The interior surfece of the brickwork is well cemented. In setting a rat 
the following materials are used : — 5 cwt of woad, 80 lbs. of indigo, 66 lba of bran, 
7 lbs. of madder, and 10 quarts of lime. The woad supplied to the Yorkshire dyers 
is grown and prepared in Lincolnshire. It is in the form of a thick brownish-yellow 
paste, haring a strong ammoniacal smell. The indigo is ground with water in the 
usual manner. The madder acts in promotingfermentation, but it also serres to gire 
a reddish tinge to the colour. The lime is prepared by putting quieklime into a 
basket, then dipping it in water for an instant, lifting it out again, and then passing it 
through a sieve, by which means it is reduced to a fine powder, called by the dyers 
ware. Hie rat is first filled with water, which is heated to 140° Fahr., after which 
the materials are put in, and the whole is well stirred until the woad is dissolred or 
diffused, and it is then left to stand undisturbed over night At 6 o’clock the next 
morning the liquor is again stirred up, and 5 quarts more lime are added. At 10 
o'clock, 6 pints of time are again thrown in, and at 18 o’clock the heat is raised to 180° 
Fahr., which temperature must be kept up until 8 o'clock, when another quart of time 
ia introduced. Tne rat is now ready for dyeing. When the process of fermentation 
is proceeding in a regular manner, the liquid, though muddy from insoluble vegetable 
matter in suspension, is of a yellow or olive-yellow colour j its surfece is covered 
with a blue froth or a copper-coloured pellicle, and it exhales a peculiar ammoniacal 
odour ; at the bottom of the vat there is a mass of uudiasolved matter, of a dirty 
yellow colour. If there is an excess of time present, the liquor has a dark men 
colour, and ia covered with a greyish film, and when agitated, the bubbles which are 
formed agglomerate on the suifece, and are not easily broken. Cloth dyed in a 
liquor of this kind loses its colour on being washed. This state of the ratis remedied 
by the addition of bran, and is of no serious consequence. When, on the other hand, 
there is a deficiency of lime, or in other words, when the fermentation is too active, 
the liquor acquires first a drab, then a clay -tike colour ; when agitated, the bubbles 
which form on its surfece buret easily, snd when stirred up from the bottom with a 
rake it effervesces slightly, or frete as the dyers say. lx the fermentation he not 
checked at this stage, putrefection soon sets in, the liquid begins to exhale a fetid odour, 
and when stirred evolves large quantities of gas, which burn with a blue flame on the 
application of a tight The indigo is now totally destroyed, and the contents of the 
rat may be thrown away. No further addition of woad is required after the intro- 
duction of the quantity taken in first setting the rat, the fermentation being kept up 
bt adding daily about 4 lbs. of bran, together with 1 quart or 8 pints of time. In- 
digo is also added daily for about three or four months. The rat is then need for the 
purpose of dyeing light shades, until the indigo contained" in it is quite and 

its content* are than thrown away. 

Woollen doth before being dyed is boiled in Water for one hour, then passed im- 
mediately Into odd water. If it be suffered to tie in heaps immediately after being 
tidied, it undergoes some change, which renders it afterwards incapable of taking up 
colour in the rat When a purple bloom is required on the doth, ft is dyed withfud- 
faear to a light purple shade before being dipped. In dyeing, the doth is placed on a 
network of rbpe attached to an iron ring, which is suspended by four iron chains at 
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a depth of about 8 feet beneath the surfhce of the liquor. The doth ie stirred about 
in the liquor by means of hooks for about 80 or 80 minutes. It is then taken out 
and well wrung. It now appears green, but on being unfolded and exposed to the air 
rapidly becomes blue. JWhen the Tat eontains an exoess of lime the doth has a 
dark green colour when taken out It is then passed through hot water and dipped 
again, if a darker shade is required. 'When woollen flocks are to be dyed, they are 
placed in a net made of cord, which is suspended by hooks at the side of the yak 
They are then transformed to a s tr on ge r net ahd wrung out by several men. In dye- 
ing flocks a more active fermentation of the vat is required man with doth. 

The process of dyeing by means of sulphate of indigo is quite different from indigo 
dyeing m the vat This process was discovered by Barth, at Grossenhayn in Saxony, 
about the year 1740, and the colour produced by it is hence called Saxon bine. The 
method of purifying sulphate of indigo, by immersing wod in the solution of erode 
indigo in oil of vignol, previously diluted with water, has been described above. The 
process of making sulphate of indigo or extract qf indigo, as it is called, as now prac- 
tised on the large scale, is as follows : — 1 lb. of indigo is mixed with from 8 to 9 lbs. 
of oil of vitriol, and the mixture is left to stand for some hours in a room, the tem- 
perature of whioh is 90° Fahr. It is then diluted with water, and filtered through 
paper. There is left on thoillter a dirty olive-coloured residue, which is used for 
some purposes by woollen dyers. By now adding common salt to the liquid, a blue 
preqjpitate of sulphate of indigo is produced, which is collected on a filter, and 
washed with a solution of salt in order to remove the excess of acid. No neutra- 
lisation with alkali is required when this plan is pursued. The blue produced on 
wool and silk by means of sulphate of indigo is very fugitive, and is now seldom 
required, its place having been in a great measure taken by the blue from prossiate of 
potash. The chief use of sulphate of indigo is for dyeing compound colours, such as 
green, olive, grey, foe. E. S. 

Our imports or indigo in 1868 and 1864 were as follows : — 

• 

Indigo imported in 1868. 



Holland - - • - - 

France - - - - - - 

Egypt 

French Possessions in India - 
Philippine Islands .... 
St. Thomas ..... 

United States : North Atlantic Ports - 
Central America - 
New Granada - 
India, Singapore, and Ceylon 
Other parts- - 



Indigo imported in 1864. 
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INDIGO BROWN. A brown sobubmce of uncertain composition obtained from 
commercial indigo. 

INDIGO GREEN. A green substance obtained from indigo by adding potash to 
an alcoholic solution of an alkaline hyposnlph-indigotate. v 

INDIGO PURPLE. Finely powdmd indigo is added to twenty times its weight 
of acid sulphate of sodium in a state of fosion, and the mixture is heated and stirred 
till a sample colours water Tiolet. The paste tfius produced is then intimately mixed 
with 70 or 80 times its weight of wat&, and the colouring patter is precipitated by 
common salt and washed with saline water. After drying it forms a mass of inter- 
laced silky crystals haring a coppery lustre. 

INDIGO RED. A red substance found in commercial indigo. For particulars 
relative to this and .other indigo colours, consult Watts’ “ Dictionary of Chemistry,” 
and the authorities there quoted. 

INDI8INE. See Aniline Violet. 

INGRAIN. Wools, &c., are said to be dyed ingrain when they are subjected to 
that process before manufacture. 

INDIUM. A new metal found in two Freiberg ores of sine, by F. Reich and 
T. Richter, by spectrum analysis. The bright blue line given in the spectroscope 
which led to its difoovery determined the name of this metalj It is not yet suffi- 
ciently examined to claim any lengthened notice in this place. 

INK. ( Encre , Fr„ 7Yitte, Germ.) * 

Writing Ink may be and is prepared in many different ways ; but it is essentially a 
tanno-gafiate of iron. 

Nutgalls, sulphate of iron, and gum are the only substances truly useful in the 
preparation of ordinary ink ; the other things, often added, merely modify the shade 
and considerably diminish the cost to the manufacturer upon the great scale. Many 
of these inks eontuin little gallic acid or tannin, and are therefore of inferior quality. 
To make 12 gallons of ink, we may take 12 pounds of nutgalls, ff pounds of green 
sulphate of iron, 0 pounds of gum Senegal? 12 gallons of water. The bruised 
nutgalls are to be put into a cylindrical copper, of a depth equal to its diameter, and 
boiled during three hours, with three-fourths of the above quantity of water, taking 
care to add fresh water to replace what is lost by evaporation. The decoction is to 
be emptied into a tub, allowed to settle, and the clear liquid being drawn off, the lees 
are to be drained. The gum is to be dissolved in a small quantity of hot water, and the 
mucilage thus formed, being filtered, is added to the clear decoction. The sulphate 
of iron must likewise be separately dissolved, and well mixed with the above. The 
colour darkens by degrees, in consequence of the peroxidisement of the iron, on ex- 
posing the ink to the action of the air. Bat ink affords a more durable writing when 
used m the pale state, because its particles are then finer and penetrate the paper more 
intimately. When ink consists chiefly of tannate or peroxide of iron, however black, 
it v is merely superficial, and is easily erased or effaced. Therefore, whenever the 
liquid made by the above recipe has acquired a moderately deep tint, it should be 
drawn off dear into bottles and well corked np. Some ink makers allow it to mould 
a little in the casks before bottling, and suppose that it will thereby be not so liable to 
become mouldy in the bottles. 

From the comparatively high price of gallnutn, sumach, logwood, and even oak 
balk are too frequently substituted, to a considerable degree, in the mdhufkctnre of 
ink; bat always injuriously. 

The ink made by the recipe given above, is much more rich and powerful than 
many of the inks commonly sold. To bring to their standard a half more water may 
aafely be added, or even twenty gallons of tolerable ink may be made from that weight 
of materials, as I have ascertained. 

Sumach and logwood admit of only about one hnlf of the copperas that galla will 
take to bring out the maximum amount of black dye. 

Lewis, who made exact experiments on inks, assigned the proportion of three parts 
of galls to one of sulphate or iron, which, with average galls, will answer very well ; 
but good gullg wiU admit of more copperas. 

R«i ***— Ink ™7 be made by infosing for three or four days in weak 
I*"* 8 * Br **- U 7’ ood oMPP* 1 '"to •mall piece. | the inftuion mar then be boiled 
npon the wood Ibr an hoar, etrained and thickened alflrhtly with ton Arable and 

C2S? ,‘ Ia ?Jf ,pr0T “ **“ A fjocoetion of ZSbSSl wiSllMe 

water of am m o ni a, forms a more beautifol red ink. hnt it s. i * 


Mix 4part» of perehloride of inn in eolation with 780 part* of water, then add 
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4 parti of cyanide of potassium dissolved in a little water ; oolleet the precipitate 
formed, wain it with several additions of water, allow it to drain until it weighs about 
400 parts ; add to this oge part of oxalic acid, and promote solution of the cyanide 
by shaking the bottle containing the mixture. The addition of gum and sugar is 
useless, and even appears to exercise a prejudicial effect on the beauty of the ink. It 
may be kept without any addition fbf a king time. 

' China or Indian ink. -y- Proust says, that laSnp black purified by potash lye, when 
mixed with a solution of glue and dried, formed an ink which was preferred by 
artists to that of China. M. Merimde, in his interesting treatise entitled De to 
Peinhare & THwh, says, that the Chinese do not use glue m the fabrication of their 
ink ; but that they add vegetable juices, which render it more brilliant and more 
indelible upon paper. When the bent lamp black is levigated with the purest gelatine 
or solution of glue^it forms no doubt an ink of a good colour, but wants the shining 
fracture, and is not so permanent on paper as good China ink, and it stiffens in cold 
weather into a tremulous jelly. Glue may be deprived of the gelatinising property 
by boiling it for a long time, or subjecting it to a high heat in a Papin’s digester ; 
but as ammonia is apt to be generated in this way, M. Merimde recommends starch 
gum made by sulphu^cacid twbe used in preference to glue. He gives, however, 
the following directions for preparing this ink with glue. Into a solution of glue he 
poura a concentrated solution or gall-nuts, which occasions an elastic resinous-looking 
precipitate. He washes this matter with hot water, and dissolves it in a spare solu- 
tion of clarified glue. He filters anew, and concentrates it to the proper degree for 
being incoporated with the purified lamp black. The astringent principle in vege- 
tables does not precipitate gelatine when its acid is saturated, as is done by boiling the 
nut-galls with limewater or magnesia. The first mode of making the ink is to be 
preferred. The lamp black is said to be made in China, by collecting the smoke of 
the oil of sesame. A little camphor (about two per cent ) has been detected in the 
ink of Chiqa, and is supposed to improve it Infusion of galls renders the ink per- 
manent on paper. 

Indelible ink. — A very good ink, capable of resisting chlorine, oxalic acid, and ab- 
lution with a hair pencil or sponge, may be made by mixing some of the ink made by 
the preceding prescription, with a little genuine China ink It writes well Many 
other formula have been given for indelible inks, but they are all inferior in sim- 
plicity and usefolneu to the one now prescribed. Solution of nitrate of silver 
thickened with gum, and written with upon linen or cotton cloth, previously imbued 
with a solution of soda, and dried, is the ordinary permanent ink of the shops. Before 
the cloths are washed the writing should be exposed to the sunbeam, or to bright day- 
light, which blackens and fixes the oxide of silver. It is easily discharged by chlorine 
and ammonia. 

A good permanent ink may be made by mixing a strong solution of chloride of 
platinum, with a little potash, sugar, and gum to thicken. The writing made there- 
with should be passed over with a hot smoothing iron to fix it 

Another indelible ink may be prepared by adding lamp black and indigo to a so- 
lution of the gluten of wheat in acetic acid. This ink is of a beantifol black colour, 
at the same time cheap, and cannot be removed by water, chlorine, or dilute acids. 
M. llerberger gives the following directions for its preparation t — Wheat gluten is 
carefully freed from the starch, and then dissolved in a little weak acetic acid ; the 
liquid is pow mixed with so much rain water that the solution has about the strength 
of wine vinegar, that is, neutralises ^th of its weight of carbonate of soda. 10 gnucs 
of the best lamp black and 2 grains of indigo, are mixed with 4 ounces of the solution 
of gluten, and a little oil of cloves added. This ink may be employed for marking 
linen, as it does not resist mechanical force. 

Indelible ink of Dr. Traill is essentially the same as the above. 

Trench indelible ink is made of Inman ink diffuied through dilute muriatic acid 
for writing with quills, and through weak potash lye for writing with steel pens. 

Ink, Printing . — This is essentially a combination of lamp black, — finely divided 
carbon, — with oiL Mr. Underwood, in a communication made by him to the Society 
of Arts, well defines the necessary qualifications of a good ink. 

1st It must distribute fre&y and easily, and work sharp and dean. 

find. It must not have too mue)t tenacity for the type, but have a much greater 
affinity for the paper, and so come off freely upon it 

3rd. It must dry almost immediately on the paper, but not dry at all on the type or 
rollers ; this is a great desideratum, especially for newspapers. 

4t& It should be literally proof against the effects of time and chemical reagents, 
and never change colour. 

Great attention must be pdd to the quality of the lin see d oil employed, and even 
the character of seed from which the oil is obtained should not be nqgteeM? , .. 

Theflnseed oil Is olarifled lfom the forty mitten, and the pure oil b boiled with 
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yellow wap ia added to give it consistency, and the required dryers are also now 
mixed with it. The beet black is that obtained from the smoke of naphtha, the oom- 
bostion being eareftilly regulated. This black is prounji up eareftilly with the 
drying oil, which has assumed the character of a Tarnish, and the ink ia complete. 

Gob and mkotr into are prepared by grinding upon a porphyry slab, with a muller, 
gold or sUrer leaves, with white honey, until they are reduced to the finest possible 
state of division. The honey is thoroughly washed from $e powdered metals, and 
these are mixed up with gum water. 

INKINO ROLLER. See Pxnmxo. 

INSTANTANEOUS MATCHES. See Matches. 

INULIN. A substanoe similar in its properties to starch, discovered by Rose in 
1804. It has been obtained from elecampane root, potatoe and dahlia tubers, from 
dandelion roots, and many other similar plants. See Watts ' u Dictionary of Chemistry." 

IODIC MERCURT. Coccimite A native prododide of mercury, consisting of 
mercury 44*1, iodine 66*9. It is used in calico printing and as a scarlet in painting, 
but it odes when exposed to light. 

IODINE (/o4 Fr.j lod, Germ.) is one of the elementary substances; it was 
accidentally discovered in 1818 by M. Courtois, a manufacturer of saltpetre at Paris. 
He found, that in the manufacture of soda from the ashes of fceaweeds, the metallic 
vessels, in which the processes were conducted, became much corroded ; ' and in 
searching for the cause of the corrosion, he discovered this now important substance. 
It was first described by Clement in 1818, but was afterwards more fully investigated 
by Davy and Gay-Lussac. 

Gay-Lussac and Clement at first looked upon hydriodio acid as hydrochloric acid, 
until Sir H. Davy suggested the idea of its being a new and peculiar acid, and iodine 
as a substance analogous in its chemical relations to chlorine. 

It was named iodine from the Greek word utter, violet-coloured, on account of the 
colour of its vapour. * 

. Iodine exists in many mineral waters in combination with potassium and sodium. 

In the mineral kingdom, iodine has been found in one or two rare ores, as in a 
mineral brought from Mexico, in which it existed in combination with silver, and also 
in one from Silesia in combination with sine. 

It exists also in very small quantities in sea water, from which it is extracted by 
many sea- weeds, which act therefore as Concentrators of iodine ; these sea-weeds when 
dried and ignited yield an ash, technically called kelp, from which all the soda of 
commerce was previously obtained, but the chief value of the kelp now is on account 
of the iodine which it yields. The following is the process most generally adopted for 
the extraction of the iodine from the sea-weeds. 

The sun-dried sea-weed is incinerated in shallow excavations at a low temperature, 
for if the temperature was allowed to rise too high a considerable quantity of iodide of 
sodium would be lost by volatilisation. The half-fused ash or kelp which remains is 
broken into fragments, and treated with boiling water, which dissolves about one half 
of the ash. 

The liquid thus obtained is evaporated, when on cooling the more erystalhsable salts 
separate, vis. sulphate and carbonate of soda, with some chloride of potassium. The 
mother liquor still contains the iodide of sodium, sulphide of sodium, 'sulphide and 
some carbonate of soda. This liquor is then mixed with about one-eighth of its bulk 
of sulphuric acid, and allowed to stand for twenty-four hours ; carbonic and sulphurous 
acid, and sulphuretted hydrogen gases escape, a fresh quantity of sulphate of soda 
crystallising out, mixed with a precipitate of sulphur. 

The supernatant acid liquor is then transferred to a leaden still, to which is adapted 
a double tubulated leaden head luted on with pipe-day ; it is then heated to 140° F., 
when binoxide of manganese is added. 

The temperature may be gently raised to 818° F., but not higher, as some chlo- 
rine would come over, and combine with some of the fad™, forming chloride of 
iodine. 

Tho iodine Is condensed In spherical glass condensers, each having two mouths 
opposite to each other, and inserted the one into the other, the end one being fitted to 
the neck of the leaden head. 

The iodine is purified by resublimation. , 

The fallowing formula represents the reaotion : 


Nal + 


MhO* 


Mftori. falgtaUrf 

f HSO* m N« 80 * 


Water. 


+ MnSO 1 + I + sHO 


* efyaMluaU, aoUd, ite primary fain Wing • rhombio aetohedrdb. It i. 
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however anally met. with in micaceous, soft, friable scales, having a greyish-black 
colour, a metallic lustre, and an acrid hot taste. Even at ordinary temperatures, and 
more especially when moist, it is sensibly volatile, emitting an odour like that of 
chlorine, only much weaker. * 

At 225° F. it frises, and at 847° F. boils, and is converted into a magnificent violet 
vapour. It may nevertheless be distill e d, in the presence of steam, at a temperature 
of 212°, as is seen in the process of manufacture. 

Iodine, in the solid Slate, has-a specific gravity of 4*947, the specific gravity of the 
vapour being, according toAtamas, 8-718. Iodine is only very slighSy soluble in 
water, it requiring 7000 Etna of water to dissolve it \ even then it imparts a yellow 
colour to the solution* up is used in that state as a test for starch, with which it forms 
a beautiful blue compound, which is, however, destroyed by heat 

Alcohol and ew dissolve it more readily s but the most powerful solvents of 
iodine are thq^fRutious of the iodides. Iodine stains the skin, and most organic 
substances, ofa brown colour ; it attacks the metals rapidly ; iron or sine being 
readily dissolved by it if placed in water with it, an iodide of the metal being 
formed. 

All 'the compounds of iodine with the metals and with hydrogen are decomposed 
by chlorine, and even by bromine, iodine being set free. Advantage is taken of this 
fltet in detecting the presence of iodine. If the iodine exists in combination with a 
metal, or as hydriodic acid, its solution will not form the characteristic intense blue 
compound with starch, but on the addition of a little chlorine, or solution of bleaching 
powder, the iodine is set free and forms the blue compound with the starch. If how- 
ever the iodine exists as iodic acid, it will not act upon starch until reduced by some 
reducing agent, as sulphurous acid. In using the chlorine care must be taken not to 
use too much, as it wonld unite with the iodine and prevent it acting on the starch. 

Iodine is used to a considerable extent in medicine ; particularly for glandular 
swellings, and goitre. It is also muqfr used in photography. The chemical symbol 
for iodine is I ; its equivalent number 126*88 ; and the combining volume of its 
vapour 2. — H. K. B. 

IOD1TE. Iodic silver. See Iodyrite. 

IODYRITE. A native iodide of silver, consisting of iodine 58-109, and silver 
46*380. It is found at Guadalajara in Spain, at Albarradon near Masapil in Zacatecas, 
and at Delirio mines near Copiapo in Chili 

IRIDIUM. A rare white metal, found in connection with platinum and osmium. 
Smithson Tennant in 1804 discovered that certain black scales which remained after 
native platinum was dissolved in nitro-muriatic acid, was an alloy of two metals, 
iridium and osmium. For a frill account of the methods of separating this native 
alloy from platinum, and of separating iridium and osmium from each other, consult 
Watts’ M Dictionary of Chemistry.” The native alloy on account of its hardness is 
used to point metallic pens. See Native Alloy. 

IRIDIUM OXIDE. A substance is so known in the Russian mint It consists, - 
according to Deville, of volatile substances (and oxygen), 28-0; soluble salts, 
12*0 ; platinum, 8*8 ; rhodium, 1*8 ; palladium, 0*4 ; copper, 0*6 ; iron, 0*7 ; iridium 
and loss, 52*7 — 100*0. 

1RI DOSM1NE. A native alloy of iridium and osmium found with native platinum. 

IRISH MOSS. See Algal 

1 IRON (Fer, Fr.s Eise a. Germ.) is a metal of a bluish-grey colour, and a dull fibrous 
fracture, but it is capable of acquiring a brilliant surface by polishing. Its specific 
gravity is 7*78. It is the most tenacious of metals, and the hardest of all those which 
are malleable and ductile. It is singularly susceptible of the magnetic virtue, but in 
its pure state soon loses it When rubbed it has a slight smell, and it imparts to the 
tongue a peculiar astringent taste, called chalybeate. In a moist atmosphere iron 
speedily oxidises, and becomes covered with a brown coating called rust 

Every person knows the manifold uses of this truly precious metal; it is capable of 
being cast in moulds of any form ; of being drawn out into wires of any desired strength 
or fineness ; of being extended into plates or sheets j of being bent in every direction ; 
of being sharpened, hardened, and softened at pleasure. Iron accommodates itself to all 
our wants, our desires, and pven our caprices ; it is equally serviceable to the arts, the 
sciences, to agriculture, and war; the same ore Amishes the sword, the ploughshare, 
the scythe, the pruning hook, the needle, the graver, the spring of a watch or of a 
carriage, the chisel, the chain, the anchor, the compass, the cannon, and the bomb. 
It is a medicine of much virtue, and the only metal friendly to the human frame. 

The ores of iron are scattered over the crust of tbq globe with a beneficent profusion 
pn$onioned to the utility of the metal ; they are fbufcd under every latitude, and every 
none; in every mineral formation, and are disseminated in every soiL Considered in 
a purely mlneralogieal point of view, without reference to their importance ftntese 
tion, ttfey may be reckoned to be 19 in number; namely, 1, native iron of threa 
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kinds : pave, nlekeliferoai, and sfeeelly; 2, arsenical iron ; 3,’ yellow sulphuret of iron | 
4, white solphuret of iron g 5 r magnetic salphnrefe of iron g 6, black oxide of iron, 
either the loadstone, or susceptible of magnetism, and titaniftrous g 7, compact fir 
ottgute, specular iron ore, as of Elba, and scaly fir oligutet hematite, affording a 
red powder g 9, hematite or hydrate of iron, affording a yellow powder, of which 
there are several varieties g 10, pitchy iron ore g 14 , sil ieeo-calc&reous iron, or yenite g 

12, sparry carbonate of iron, and the compact clay iron-stone of the coal fohnatioo g 

13, phosphate of iron g 14, sulphate of iron, native copperas ^15, chromate of iron g 
16, arseniate of iron g 17, rnnnate of iron ; 18, oxalate of iron g 19, titanate of iron. 

Among all these different species, ten are worked by the miner, either for the sake 
of the iron which they contain g for use in their native state; or for extracting some 
principles from them advantageous to the arts and manufactures g such are arsenical 
iron, sulphate of iron, sulphuret of iron, and chromate of iron. ^ 

Native Ihon. 

A. Telluric iron, nearly pure. — This species, which is very rare, occurs in small 
grains and plates, or massive and disseminated. It is malleable and ductile, more so 
than ordinary malledble iron, and ranges in specific gravity between 7 and 7*8. It 
contains carbon, and occasionally some other metal, but not nicheL A specimen from 
Gross Camsdorf, in Thuringia, analysed by Klaproth, yielded 92 ‘5 iron, 6 lead, and 1*5 
copper : its structure was foliated and its texture crystalline. Native iron was found by 
Schreiber, in a vein at Oule, near Allemont in Dauphinu. A specimen containing 91*8 
iron and 7*0 carbon ( Shepard ), was observed at Canaan in Connecticut, in a vein two 
inches broad lying in mica slate ; another specimen was found in sandstone at Penn 
Yan, in New York. John states that it is mixed with the platina grains from Soutii 
America, and more recently M. Molnar has affirmed that he has found native iron in 
tiie gold sands at Olahpian. It is also stated that native iron, with 6 per cent of silica, 
and a little sulphur, has been found with galeua*m the veins at Leadhills, and Mossier 
has found volcanic iron iu lava at Graveneire in Auvergne. It had a steel grey or 
silver white colour, foliated texture, and hackly fracture. These instances would 
seem to prove the actual existence of native iron, which was for a long time disputed. 

B. Native nickdifinnu or meteoric iron — This species is distinguished from the 
last by containing nickel and sometimes cobalt. It is very malleable, often cellular, 
but sometimes compact, and in parallel plates which pass into rhomboids or octahe- 
drons. When polished and etched with acids, it exhibits linear and angular markings, 
or Widmannatatt’e figures, as they have been termed, and from which an impression may 
be printed on paper. A very great number of undoubted meteorites have been 
described and analysed. The following table from Nicol’s Manual of Mineralogy 
exhibits the composition of some of the most remarkable. 
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0*07* 
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* With tln+0*04 carbon. f With chromium. t +8*30 sulphuret of iron. f With arsenic. 


The insoluble matter in the above contains in 100 partly — 
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The above analyses are of : — 1. A mass of 103 lbs. weight, which fell at Bohumilita, 
in Bohemia, in 1829. 2. A mass weighing 1,600 lbs., found in 1748, near Kras- 
nojarsk, on the Yenisei. 3. The so-called M Yerwhnschte Burggraf,” from Elbogon 
in Bohemia, which weighed 191 lbs. 4. A mass of 71 Vienna pounds weight, wmeh 
fell at Hraschina, near Agram, in Croatia, on 26th May, 1761. 6. mass in the 
Haeiiaem Museum, found m 1793, on the plain between the Great Fish River and Graf 
Reynet, in the Cape Colony, originally weighing 300 lbs. 6. Found at IAnarto, in 
. Hungary, original wdght 194 lbs. 7. From Clairbome in Alabama. 8. From PotosL 
* 9. Is a more recent analysis of the same. 10. From Lockport in North America. 
11. From Bitburg, near Treves, which weighed above 3,300 lbs. 

According to Shepard (Silliman’s American Journal), the fell of meteoric 
stones is confined principally to two cones. The one belonging to America lies 
between 88° and 44° S. lat, and is about 25° in length. Its direction is more or 
less from N. E*to 8. W., following the general line of the Atlantic coast Of all the 
occurrences of this phenomenon during the last 50 years, 92*8 per cent have taken 
place within these liimts, and mostly in the neighbourhood of the sea. The cone of 
the eastern continent, with the exception that u extends 10° further to the north, is 
bounded by the same degrees of latitude, and follows a similmr north-east direction ; 
but it has more than twice the length of the American cone. T>f the observed falls of 
aerolites, 90 9 per cent, occurred within this area, and were also concentrated in that 
half of the cone which extends along the Atlantic. 

The most remarkable masses of meteoric iron are, that found by Don Rubin do 
Celis, in Tucuman in South America in 1783, weighing 300 cwts. ; that discovered 
in 1784 on the Riacho de Bendego in Brasil, estimated to measure 32 cubic feet, and 
to weigh 17,300 lbs. ; and that on the Red River in Louisiana, weighing above 3000 lb&, 
and presenting distinct octahedral crystals. 

c. 1. Native Steel-Iron. — This substance has all the characters of cast steel; it 
occurs in a kind of small button ingot, with a finely striated surface and a fracture ex- 
ceedingly fine grained. It is hardly to be touched by the file, and will scarcely flatten 
under the hammer. M. Mossier found this native steel at the village of Bouiche, 
near Nery, department of the Allier, in a spot where there had existed a seam of 
burning coal. A mass of 16 lbs. 6 ox. of native steel was discovered in that place, 
besides a great many small globuks. 

2. Mispickd ; Diprismatic Arsenical iron ; Arsenikkies . This mineral is found 
massive, granular, or columnar, and disseminated^ It is brittle, with an uneven 
fracture ; colour, silver white, or almost steel grey, with a greyish or yellowish tarnish ; 
specific gravity 6—6*2. When heated in a closed tube it yields first a red, then 
a brown sublimate of sulphuret of arsenic, and then metallic arsenic. Some varieties 
contain silver or gold, in others part of the iron is replaced by cobalt Viewing it as 
a double sulphide and arsenide of iron, its formula would be FeS* + FeAs, which 
requires iron, 33*6; sulphur, 19*9 ; arsenic, 46*6. A specimen analysed by Plattner 
gave, iron, 34*46 ; sulphur, 20*07 ; arsenic, 45*46. Mispickel is common in the mines 
of Freiberg in Saxony, and in the tin mines of Bohemia, Silesia, and in Cornwall. It 
is of no use as an ore of iron, but it is occasionally worked for the silver it contains, 
and as an ore of arsenic. 

3. Yellow sulphuret of irons Prismatic iron pyrites ; or Marcasite.— The bronze or 
brass yellow colour enables us to recognise this mineral. At the blowpipe it gives 
off its sulphur, and is converted into a globule attractable by the magnet ^ It is brittle, 
with a conchoidal or uneven fracture. Sp. gr. 4*9 — 5*1. It is soluble in nitric acid 
with deposition of sulphur, but is scarcely affected by hydrochloric acid. It is a 
bisulphide of iron (FeS*), 46*7 iron, 53*3 sulphur. Hatchett found 47*3 iron, 52*7 
sulphur; and Berzelius, 46*08 iron, and 53*92 sulphur. It is very liable to decom- 
position, being sometimes oxidised into sulphate of iron, and sometimes into hydrated 
peroxide, the sulphur becoming altogether eliminated. It is one of the most common 
minerals in rocks of all ages and dames; it occasionally contains both gold and silver. 
It is used for the manufacture of sulphur, sulphurie add, and alum, but as aa ore of 
iron it has no commercial value. 

4. Hexahedral iron pyrites or pyrene. — This mineral is distinguishable from the 
former only by its colour and form of crystallisation, and was hence till lately eon- 
founded with it by mineralogists. Its sur&ce is often radiated. 

5. Magnetic iron pyrites, pyrNtotine, the magnetkies of the Germans . — This mineral 
occurs chiefly in the igneous and crystalline, or older stratified rocks, in veins with 
various ores. Its odour is between bronze yellow and copper red, with a pinchbeck- 
brown tarnish, streak greyish-black, and more or less magnetised. When heated in * 
an open tube it yields sulphurous fumes, but no sublimation ; before the blowpipe on 
charcoal in the reducing flame it foses to a black strongly magnetic globule j it ia 
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soluble in hydrochloric add, evolving sulphuretted hydrogen ud depositing sulphur. 
According to O. Rose, this mineral always contains a Jnavvartg J* •“P*"* 
than eomspondi with the simple sulphide FeS j and he adopts for it the formula 
ffFeS + Fe%>: corresponding with 60-44 iron, and 89-66 sulphur, which agrees very 
eloseli with the analyses that hate been made by Stromeyer, H. Rose, and othen. 

6. Black oxide qf tront Magnetite, or native loadstone, or octahedral iron ore, — This 
very rich and ralnahle ore occurs especially in igneous or metamorohio rooks, either 
in distinct crystals, or, as in many basalts, d i ss emin ated through the mass, when it 
frequently imparts magnetic properties to the rocks, especially to greenstone, serpentine 
or basalt. It also forms beds in gneiss, in chlorite, mica, hornblende, and dayilates, 
in marble, greenstone, and other rocks, but seldom appears in reins. The largest 
known mnssfti occur in the northern parts of the globe, in Scandinavia, Lapland, 
Siberia, and North America. Lees extensive masses occur in the Han, in Saxony, 
Silesia, and Styria j and in Southern Europe, in Elba and Spain. Magnetite i® 
the most important ore of iron inNorway, Sweden, and Russia. The Da n n em ora mines 
in Sweden, wrought in an open quarry 160 feet broad, and 600 feet deep, furnish the 
flna Oeregrond iron, largely imported into England for the manu fa cture of steel. 
Some highly magnetic, varieties, especially from Siberia and the Hare, form Batura! 
ma gn ets, possessing distinct polarity. Others become polar only Cfter contact with 
magnets of sufficient power. Magnetic iron ore fales with extreme difficulty : il ia 
not acted upon by nitric acid, hut when powdered ii soluble in hydrochloric j its 
specific gravity varies from 4-24 to 6-4. The chemical formula of pure magnetite ib 
F e0,Fe*0\ corresponding to 31-08 of protoxide, and 68*77 of peroxide of iron, or 
of 72-40 iron, and 27-60 oxygen, which agrees doaely with the analyses of Berzelius, 
KobeU, an d Karsten. 

Two specimens of magnetic iron ore from Cornwall had the following compositions 
(Dr. Noad ) : — 


Water - 


* 

2-50 


- 8*20 

Protoxide of iron - 



20-00 


- 13-00 

Peroxide of iron 



44-40 


- 66*50 

Oxide of manganese 



*16 


•56 
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- 3*60 

Lime - 
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Magnesia 



1-00 


- 1*52 

Sulphuric add 



0-04 


- 0*04 

Phosphoric acid 



0-50 


- 0*57 

Insoluble residue - 



24-20 


- 9*40 




99-60 


98*95 


7. Hematite ; Specular iron s Fer oligUte; Rhombohedral iron ore. — This ore has n 
metallic lustre ; colour, iron black to steel grey, but often tarnished ; the light trans- 
mitted through the thin edges of its crystals appears of a beautiful red colour. Its 
powder is always of a well marked brown red hne, passing into cherry red, which 
distinguishes it from the black oxide ore ; its fracture is conchoidal or uneven ; it is 
brittle, and its specific gravity ii 6*2. Its chemical composition is FeH)*, 7t ‘03 iron, 
and 29*97 oxygen, hut it sometimes contains oxide of titanium, or titanic acid, chrome, 
or silica j in the reducing flame of the blowpipe, it becomes black and magnetic. 

Haematite is one of the most abundant ores of iron. The specular variety occurs 
chiefly in the older crystalline rocks in large beds or veins. The mines of the island 
of Elba celebrated from antiquity, still famish the finest crystals, which occur in 
druses of the massive variety along with pyrites and quarts : fine crystals are like- 
wise produced from St. Gotthardt, Framont, in the Vosges mountains, the Harz, 
Altenberg in Sweden, and from Katherinenhnrg in the Ural. Beautifal specimens of 
the micaceous variety occur at Zorge and other parts of the Harz, at Tineroft in 
Cornwall, Tavistock in Devonshire, in Wales, Cumberland, and Perthshire. It 
also occurs in volcanic rooks, as in Auvergne, on Vesuvius, jEtna, and the Lipari 
islands, especially Stromboli, where some flue crystals, three inches broad and four 
long, have been proeured. * 

8. Red hematites. — These ores are found in the greatest abundance in the moun- 
tain or carboniferous limestone formations. The mbst abundant deposits in this 
country are those of Lancashire and Cumberland. 

The hematite of Whitehaven occurs in • the carboniferous limestones near the out- 
‘ crop or surface edge of the slaty rocks upon which that formation rests. The great** 
part of the excavations from which it is extracted are subterraneous, and so extensive 
is often the mass of iron ore in which the workings are carried on, that it is difficult in 
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such situations to obtain a dear idea of the nature of this important deposit. (War- 
rington Smytk.) S 14,488 torn of the hmatite of the Whitehaven district is spirite d 
on the spot, at the Creator Moor and other tarn works, and 679,648 tons are sent into 
the iron making districts. In the year 1865, 607,439 tons were raised in the Ulver- 
stone district, and no less than 937,386 tons of haematite were exported during 1865 
(Hunt) for the supply of Staflbrishire, Sooth Wales, and other districts, tram these 
two localities. CkmriMng its quality? it brings but a low price, vis. from 11s. 64 
to 18s. 64 per ton. 

The following analyses of some carefhlly selected samples of the haematite of the 
carboniferous limestone are by Messrs. Dick and Spiller. (Memoirs qftke Geological 
Survey qf Great Britain. The Iron Oh* ttf Great Britain. Parti.) 
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Moor. 

Cleaton 

Moor. 

Ulver- 
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Bisulphide of iron - - - - 

trace 

0*06 
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0*03 
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0*39 
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0*17 
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8*51 

6*55 

5*18 

Carbonic acid - - - - - 

- 

- 

2*96 



101*15 

100-20 

100*56 

100*88 


The carboniferous limestones of Derbyshire and Somersetshire also contain veins 
and deposits of hsematite, though of a quality not equal to those of Lancashire j the 
same ore is also met with in the Devonian series of Devon, West Somerset, and 
Cornwall 

9. Brown Hematites ; Brown oxide of irons Hydrous oxide of iron . — This species 
affords always a yellow powder, without any shade of red, which passes sometimes 
into the bistre brown, or velvet black. At the blowpipe it becomes brown, and very 
attractable by the magnet ; bat after calcination and cooling the ore yields a red 
powder, which stains paper nearly as red as the hmmatite does, and which is modi 
employed in polishing metals. All the yellow or brown oxides contain a large pro- 
portion of water in chemical combination. There are several varieties, which assume 
globular, reniform, stalactitic, and fruticose shapes. In many countries this is one 
of the most plentiftil and valuable ores of iron ; in the oolitic form it supplies by for 
the greater number of the French iron works. In that state it is found in Nor- 
mandy, Berry, Burgundy, Lorraine, and many other places. It is this ore which 
exclusively supplies the Belgian iron works. It is found in this country in consider- 
able quantities in the Forest of Dean, where the ore exists in almost unlimited 
quantity. In the latter locality these ores were worked most extensively at a very early 
date, and though as a class they are not rich, yet from the great masses in which the 
ore is found, its cost of production is very low, about 2s. to 3s. per ton ( BfachotU) 
The iron made from the Forest of Dean ore, is of the quality called red-short, and 
is especially celebrated for the manufacture of tin plates. This ore is raised exten- 
sively for shipment to the iron works of South Wales. 

The chemical composition of pure brown hematite is 2Fe*0* + 8HO ; 85 6 per- 
oxide of iron (- 60 iron) and 14*4 water. Yellow ochre (gelbeiaenatein) is con- 
sidered by Hausmann to be a distinct species; a specimen analysed-by him contained 
81*6 peroxide of iron,%nd 18*4 water, corresponding to the formula FeK) 1 + 2HO. 
Bog iron ore is also a hydrated oxide of iron; it occurs chiefly in bogs, meadows, 
fwri lakes, especially in iheievel districts of Northern Germany and Sweden. In 
B ritain it is most ip the northern and western i s l a n ds of Sc otlan d. It is 

generally very impure, sometimes containing as much as 10 per cent of phosphoric^ 
' acid, which renders it all but useless for iron making purposes. The atites, or eagle 
stones, are also a varietv of this ore t on breaking the balls so named, they are ob- 
served to be composed of concentric coats, the outside ones being very hard, bat the 
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interior becoming progressivdy softer towards the oentre, which is usually earthy, 
and of n bright yellow colour j sometimes, however, the centre is quite empty, or con- 
only a few drops of water. JEtUee occur in . abundance, often even in con- 
tinuous beds, in secondary mountains, andin certain argillaceous ftrata ; when smelted 

wrag^udb^ of the Forest of Doan ores i* shown in the following analyses. 
(Dr. Noad.) • t 
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This ore is also found at Alston Moor and Durham, but is only used to a limited 
extent on account of its association with lead and sine. 

The iron which the brown hematites produce does not at present stand high ; it 
possesses fluidity, but has a great tendency to cold^ihortness, and is most suitable for 
fonndrv nnrnoses. — Blackwell. 
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10. Pitchy hydrate of iron / Petticite s Eisensinter . — This mineral occurs in many 
old mines, especially those near Freiberg; and also at Schneeberg in Saxony, Pleiss 
in Silesia, and Bleistadt in Bohemia. It is probably a product of the decomposition 
of mispickel: its composition, according to the analysis by Stromeyer being F*0*,As 
0*+ F*0*,S0 i + 16HO «■ 85 peroxide of iron, 86 arsenic acid, 9 sulphuric acid, and 
80 water. According to Freideben % it is first fluid, and gradually separates in a solid 
form. In external characters it agrees with Diadochite, which u FeKP^PO* + 
4Fe*0\80 i + 89HO, according to Omelin from Plattner’s analysis, via. peroxide of 
iron, 36*69 ; phosphoric acid, 14*81 ; sulphuric acid, 15*15 ; water, 80*85. 

11. Yenite or LUcriie ; Hieingerite or thrauliU ; Nontronite: Pingvite; and Chlorcpal, 
are rather rare minerals, composed of peroxide of iron and silica: the former 

about 19 per cent of lime; the others are destitute of this earth, but oontain from 10 
to 90 per eent of water; the amount of silica in these minerals ranges between 80 
and 40 per cent * 

19. Carb ona t e qf sm; Stpany troM / Sp a tha § e trow § SphSroeidente : Spatkcwct utetHm— ■ 
This important species has been divided into two varieties; spathose mmpreper, and 
fcthe compact carbonate, the day iron stone of the coal formation. Sparry iron 
appears to range through nearly the same series of formations as the anhydrous 
he m at it es t it occurs in beds and masses often of immense extent, especially in.Styria 
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and Carinthia. In the Ereberg, near Eisencre in Styria, St rata on gneiss, and Sa 
wrought in an open quarry. The Stahlberg and Mbmel, near Schmalkald, the Yicinity 
of Liegen, and Musen in Westphalia, show similar extensive masses j whilst in Anhalt 
and the Han it forma large veins in grey wacke or Devonian limestone. Other very 
extensive deposits ofthis ore are found in the Pyrenees, and the Basque provinces of 
Spain, as near Bilboa ; and at Pacho near Bogota in New Grenada, lust of these 
localities yield fine crystals ; and these also occur in metallic veins at Joaohfansthal 
in Bohemia, Freiberg in Saxony, Klausthal in the Hare, Beeralstone in Devonshire, 
Alston Moor in Cunberland, and in many of the mines of Cornwall, particularly 
the rare hexagonal prisms (Nicofy In England the crystalline carbonate of iron 
occurs in . the Devonians of South Somersetshire and Norm Devon, and in the carbo- 
niferous limestones of Northumberland. • 

The specific gravity of sparry carbonate of iron varies from 3*00 to 3*67. Its 
primitive form is, like that of carbonate of lime, an obtuse rhomboid. Without chang- 
ing this form, fts crystals are susceptible of containing variable quantities of carbonate 
of lime, till it passes wholly into this mineral When heated before the blowpipe it 
turns brown without melting, and becomes attractable by the magnet after being 
slightly heated in the flame of a candle. Even by a short exposure to the air after 
its extraction from the n^pe, it also assumes the same brogn tint, but without ac- 
quiring the magiAtic quality : after long exposure to the air it becomes wholly con- 
verted into hydrated hromatite. 

The variations in composition of this important mineral are shown in the following 
analyses. 
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Protoxide of iron 
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- 
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- 

4*52 

2 41 

Lime - 
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- 

0*24 

• 
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Carbonic acid - 


39*20 

38*22 

38*35 

35*80 

38*68 


98*75 

99*90 

| 100*00 

100*47 

98*82 

99*72 


This ore, viewed as a metallurgic object, is one of the most interesting and valuable 
that is known ; it affords natural steel with the greatest fheility, and accommodates 
itself best to the Catalan smelting forge. It was owing in a great measure to the 
peculiar quality of the iron which it produces that the excellence long remarked in 
the cutlery of the Tyrol, Styria, and Carinthia was due. It was called by the older 
mineralogists, steel ore. 

Coal measure iron stones . — The compact carbonate of iron has no relation ex- 
ternally with the sparry variety. It comprehends most of the clay ironstones, parti- 
cularly those which occur in flattened spheroidal masses of various sixes among the 
coal measures. The colour of this ore is often a yellowish brown, reddish grey, or a 
dirty brick red. Its fracture is close grained, it is easily scratched, and gives a yellow- 
ish brown or grey powder. It adheres to the tongue, has an odour slightly argillaceous 
when breathed upon ; blackens at the blowpipe without melting, and becomes attract- 
able by the magnet after calcination. The ironstones of the coal formation admit of 
a natural division into two great classes, vis. the argillaceous^ and the blackband or 
carbonaceous. The earthy or lifhoid carbonates occur in some regions in the upper 
limestone shales, and they extend upwards through the coal measures proper towards 
their higher limits ; they likewise occur in extensive beds in the Jurassic formation, 
particularly in North Yorkshire j near the upper limit of the lias, or base of the 
oolites proper ; and again higher, as nodules and perhaps as beds, in the middle oolites, 
or Oxford days. They are also found extensively as courses of nodules in the 
Wealden series, and as beds in the green sand. When these gray carbonates contain 
lime in abundance, and when clay is not largely present, they are sometimes changed 
by atmospheric influences into hydrated hematites ; in Northamptonshire, for example, 
and widely in France. The Ally great coal fields in Great Britain in which these 
ores do not oocur in sufficient abundance to form the basis of a large production of 
iron, are those of Northumberland and Durham, and of Lancashire. The /pent im- 
portance of the argillaceous and blackband ironstones of our coal-fields is clearly 
shown by the fact, that they snpply at least nine-tenths of the entire iron produced 
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(BlackwB ) . They tnry considerably in their percentage of fan, which b generally 
not more than 80 to 88 per oent, but oceaskmall y ranges M high, as *40 per cent 
They are rarely used when they oontain less than 85 per oent The varying pro- 
portions of bon, filial and which they oontain b shown in the solgolned 

analyses of the ore from different local idea k ' 
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The quality of the iron produced from the argillaceous ironstone is extremely good, 
provided the coals used for smelting are good. The ore is always used in a calcined 
state, by which it loses in weight about one-third or one-fbnrth, the loss consisting of 
carbonic acid and water. The production of iron in South Wales, 8outh Staffordshire, 
Northumberland, and Durham, rests almost entirely on the great beds of this mineral. 

In Scotland the ore almost exclusively used is the blackband or carbonaceous ironstone , 
immense deposits of which occur likewise in the coalfield of North Staffordshire ; 

’ this variety sometimes contains as much as 25 to 30 per cent of carbonaceous matter, 
but is usually free from much earthy matter ; it often contains phosphoric acid in quan- 
tity sufficient to communicate to the iron the quality of cold-shortness. The discovery 
of this class of ironstone in Scotland by Mr. Musket in 1801, and the power of using 
it alone in the furnace by means of hot blast, constituted a pew era in the manufacture 
of iron, and gave to Scotland, till then an iron making district of little importance, the „ 
pre-eminence? over all others, for the production of soft fluid iron, best suited to ordi- " 
nary foundry purposes. — Blackwell. 

In France the clay carbonates of the coal measures are«only found of sufficient value 
to work in three localities, — in the coalfields of the Gard, of the Aveyron, and to a 
very limited extent in the coalfield of the Loire, near St Etienne. — K. Blackwell. 

In America it is largely distributed over Pennsylvania, Maryland, Virginia, Ohio, 
Illinois, North Carolina, and Kentucky ; but from the, difficulties of working it in the 
blast furnace, it is not in general use. 

« 13. Phosphate of iron; Blue iron; Vivianite. — The colour of this mineral varies 

from indigo-blue to blackish green.; the earthy variety is white in the beds, but 
changes blue on exposure to the air; heated in a closed tube it yields much water, in- 
. tumesces, and becomes spotted with grey and red ; before the blowpipe on charcoal, it 
fusee to a grey, shining, metallic granule. Transparent indigo-coloured crystals of 
phosphate of iron, sometimes an inch in diameter and two inches long, occur with iron 
and copper pyrites in the tin and copper veins at St Agnes in Cornwall Itwas first 
found m the auriferous veins at Jflrospatak in Liebenberg ; the earthy varieties are 
very common in Cornwall, Styria, North America, Greenland, and New Zealand . 
A specimen from St Agnes, Cornwall, gave Stromeyer--phosphoric acid, 31*13 ; prot- 
oxide of iron, 41-33 ; water, 37-48 ; and another from New Jersey yielded to Kam- 
nAlsberg— ] phosphoric acid, 38-40; protoxide of iron, 33*01 ; peroxide of Sion, 13*06. It 
is somedmes used as a pigment, but is of nf use as a smelting ore. * 
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14. Sulphate of mm, native green vitriol. — This is fbrmed by the oxygenation of sul- 
phuret of fron, and is unimportant in a metallorgic point of view. 

15. Chromate qf iron j Octahedral chrome ore ; Chromite.— 1 This mineral occurs in 
serpentine, or in crystalline limestone, near this rock. It was first discovered at Gassin, 
in the Var department in France, and is found in Saxony, Silesia, Bohemia, and 
Styria; also in Norway; and in large masses in the Ural, near Katherinenberg. It has 

Jbeen found also in great abundance in Unst and Fetlar, in the Zetlands ; the mineral 
is opaque, with a semi-metallio lustre j ooldhr, iron or brownish-black, streak yellowish 
to reddish brown. A specimen from Norway, analysed by Von ftobell, gave protoxide 
of iron, 85*66 ; sesquioxide of chromium, 54*08 : alumina, 9 08; magnesia, 5*86 ; and 
silica, 4*83 ; another specimen, from Chester in Pennsylvania, yielded to Seybert prot- 
oxide of iron, 86*00 ; oxide of chromium, 39 ‘61 s alumina 13*0 ; and silica, 10*60. It is 
used in the preparation of various pigments. For the treatment and use of the ore, 
see Chrome. 

16. Arteniate qf irons Pharmakosiderite ; Wurfderz. — This mineral, which is rather 
rare, occurs in great beauty associated with copper ores in Cornwall ; it has an olive 
green colour, and is rather brittle. Its composition, according to the analysis of Rerxelius, 
is, arsenic acid, 40 4 ; peroxide of iron, 28 1 *, protoxide of iron, 12*6 ; water, 18*9. 

17. Muriate of iron*. 

18. Oxalate of iron ; Oxalite ; Humboldtinc. — This mineral, whicu occurs in the form 
of capillary crystals in the brown coal at Kolosoruk, near Bilin, in Bohemia, and at 
Gross Almerode in Hessia, is composed, according to the analysis of Rammelsberg, of 
oxalic acid, 4*2*40 ; protoxide of iron, 41*13 ; and water, 16*47. 

1 9. Titanate of iron ; Titanitic iron ; Ilmenite. — This variety occurs in various forma- 
tions, as in the miaecite of the Ilmen mountains ; in talc , with dolomite, at Gastein in 
Salabnrg ; in the zircon-syanite at Egersund in Southern Norway; and in gneiss , with 
magnetic iron ore, at Tvedestrand, and Kragerse, near ArcndaL It is extremely in- 
fusible, and is considered injurious when mixed with other ores. Its chemical com- 
position, according to H. Rose and Schcerer, is a combination of peroxide of iron, and 
bine oxide of titanium, in various proportions, the specific gravity increasing with 
the amount of iron. 

20. Tungstate of iron ; Wolfram, — occurs with tin ore, forming fine crystals, at 
Altenberg m Saxony; at Schlackenwald in Bohemia; and in France, in qnarti veins. 
In Cornwall, especially near Redruth, it is sometimes so abundant as to render the 
tin ore wholly valueless. An analysis of a specimen from Cumberland gave Berse- 
lius, tungstic acid, 78*77; protoxide of iron, 18 '32 ; protoxide of manganese, 6*22 *, and 
silica, 1*25. 

There is abundance of evidence that iron was well known in the early ages, and 
was applied to various useful purposes. The earliest method of working the furnace 
where ores were smelted seems to have been by exposing them to the wind : the furnaces, 
perforated with holes, were built on eminences, and could only be worked when there 
was a strong breese ; the fire was regulated by opening and shutting the apertures. 
Mungo Park gives, in his “ Travels m Africa,*' the following interesting account of 
an iron smelting operation in Kamalia, at which he himself assisted: “ The ironstone 
was broken into pieces the sixe of a hen’s egg ; a bundle of dry wood was first put 
into the fornace, and covered with a considerable quantity of charcoal ; over this was 
laid a stratum of ironstone, and then another of charcoal, and so on until toe fornace 


was quite folL The furnace was a circular tower of day, about 10 feet in height and 3 
in diameter, surrounded in two places with withes, to prevent the clay from cracking 
mud & Wing to pieces by the violence of the be at Round the lower part, on a level with 
the ground, bnt not so low as the bottom of the fornace, which was somewhat concave, 
were made seven openings, into each of which were placed three tubes of clay, and the 


erf goafs skin. The qwration went on very slowly at first, and it was some hours before 
dwtevpmd above the fernace ; but after thli it burnt with great violence all the 
flnt night, and the people who attended put in at time, more charcoal. On the day 
Mowing the toe wm not to fleroe and on the eeeond night tome of the tube, were 
withdrawn, and the air allowed to have free access to the ftirn.ee , but the heat wae 
*° d .* M* 1 * 11 flune rime tome feet atgrre the top of the fernace. On 
toe third day from the commencement of the operation all the tube, wen taken out 
Of toon bring vitrified with theheat, but the ZS ZTJTXrcd 
until some days afterward*, when toe whole wee perfectly cool; part of the Atman. 
WMth en taken do wn, ami the Iron appeared In toe form of a large hremila.- n,.- .Wk 
Pgcee ofoha rooal adherin g to It. It wa« aonoroaa, and when any pontowMbrokeo 
off. the ftaetnre exhibited a granulated app?arance like broken «teeh” 
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That the iron ora of Monmouthshire and Gloucestershire were extensively worked 
by the Romans daring the period of their reign in Britain is pertain, from the immense 
beds of iron cinders that have been discovered in the Forest d Dean j it is probable 
that Bath was the principal seat of their foundries ; relics of their operations, in the 
form of cinders, and cdms, have likewise been discovered in Yorkshire and in other 
conntiesL Daring the reign of William the Conqueror, Gloucester was the city where 
foe trade of forging iron was chiefly carried on, foe Forest of Dean supplying foe . 
ores. It is uncertain when the art of castiifo was first discovered j cannon are sap- 
posed to hove been first used in England by Edward the Third, who need than in his 
invasion of Scotland in 1327, at Creasy, and at foe siege of Calais in 1846. These 
cannons were not however east, bat were constructed on foe same principles as coopers 
construct their barrels ; a number of iron tihrs fitting as close as possible to each other 
were arranged round a cylinder of wood, and were then bound together by strong iron 
hoops ; foe wood £eing driven out, there remained an iron pipe which formed foe barrel. 
Thif mode was superseded by caring foe cannon of bronxe. 

Daring the 14th and 15th centuries, iron and steel were imported into this country 
from Germany, Premia, and other places, and also iron from Spain j but as several 
improvements in foe manufacture had taken place in foe course of this period in 
England, laws were made towards foe conclusion of foe 15fo century, prohibiting foe 
importation of any ofthe articles manufketured in this country in iron and steel. During 
foe reign of Elisabeth, foe consumption of charcoal by the iron farnaees was so great 
that it was deemed necessary to enact laws to prohibit the erection of new fhmaces, 
and to prevent foe felling of timber for fael j persona interested in foe manufacture 
of iron were consequently compelled to turn their attention to foe finding of some 
substitute for charcoal, and in foe reigns of James foe First and Charles foe First many 
attempts were made to smelt iron with pit-coal, but without success ; foe consequence 
was foe entire abandonment of iron making in many parti of foe country, and a great 
decrease in foe manufacture in others; so complete indeed was foe failure of all foe 
experiments made to substitute pit com for charcoal, that all attempts were abandoned 
till foe early part of foe next century, when pit-coal was first used (1718) by Mr. 
Abraham Darby in his furnace at Colebrook Dale ; and infoe44fo volume of foe Philo- 
sophical Transactions, published in 1747, it is stated, that ** Mr. Ford, from iron and 
coal, both got in foe same Dale (Colebrook), makes iron brittle or tough as he pleases, 
there being cannon thus cast so soft, as to bear turning like soft iron.** Notwithstand- 
ing, however, foe establishment of foe fact that iron ore could be smelted, and iron 
manufhetured with pit-coal, and although great efforts were made, by increasing foe 
column of blast, by foe substitution of steam power for that of horses and human 
labour, there appears to have been a steady and progressive diminution in foe quantity 
of iron produced in foil country ; and recourse was had to foreign markets, particu- 
larly to those of Sweden and Russia, for foe necessary and increasing demand. Thus, 
foe imports of iron between foe years 1711 and 1776, were as follows: — 


Tons. 

1711 to 1718 15,642 

1729 * 1785 25,501 

1750 „ 1755 84,072 

J761 „ 1766 48,980 


In 1740 there were only 59 blast furnaces in work in England and Wales, foe total 
make of which amounted to not more than 17,850 tons, being an avenge of 294 Iona 
per annum for each furnace, a quantity very little exceeding that sometimes made in 
a single week in some of the furnaces in Wales at foe present day. 

The earliest contrivance for throwing a powerful and oonstant blast into foe furnace 
was a forcing pump, worked by a water wheel or by a steam engine ; and it appears 
that foe first cylinders, at least of any magnitude, were erected at foe eelebrated 
Canon Iron works in foe year 1760 by Mr. John Smeaton. These cylinders were 
four feet six inches in diameter, exactly fitted with a piston, moved np and down by 
means of a water wheel ; in foe bottom of foe cylinder was a large valve, like that 
of a bellows, which rose as the piston was lifted up, and thus admitted the air into the 
. cavity of the cylinder beloun immediately above the bottom was a tube which webt 
to foe furnace, and as it proceeded from the cylinder, was fhrniahed wifo a valve 
opening outwards. Thus when tile piston waa drawn up, foe valve in foe bottom 
rose and admitted foe air that wav into the cylinder, while foe lateral valve fout, *a& 
prevented any air from getting Into it through foe pipe. When foe piston **t 
thrust down, the valve in the bottom closed, while foe air, bring eosnpreeMd ht-fog:' 
cavity of foe cylinder, was violently forced out through fofjateral -tribe fee for 
you in* rr . . 
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furnace. There were four of three large cylinder! applied to Mow the fefuaoe, and 
§o contrived, t hat the strokes of the pistons, being made alternately, produced an 
almost uninterrupted blast A large column of air, of triple or quadruple density, was 
thus obtained, and effects equivalent to these great improvements followed. The 
someftxraacethat formerly yielded ten and twelve tons weekly now sometimes produced 
forty tons in the same period, and on the average in one year 1,500 tons of metal 
(Scrivenor) ; and such was the impulse given to flie trade by this unexpected success 
of a powerful blast with pit-coal, that ini788 the manufactured pig iron in England, 
Wales, and Scotland amounted to 68,800 tons, being ‘an increase of 50,950 tons on 
the quantity manufactured previous to the introduction of pit-coaL 

A new era in the history of the iron nqmufacture may be considered to have been 
established in 1788-90, by the introduction of the double power engine of James 
Watt, the regular and increased effects of which powerful machine were soon felt 
in most of the iron districts : the proprietors of furnaces greatly increased their make, 
and fresh capital was embarked in the trade : in the short period of eight years, the 
manufacture of pig iron was nearly double, being in the year 1796, (according to the 
returns sent to the chairman of the committee of the House of Commons, on the sub- 
ject of the coal trade, when Mr. Pitt had it in contemplation to add to the revenue by 
a tax upon coal at the pit mouth,) 125,079 tons, from 1£1 fhrnaqes — 104 English and 
Welsh, and 17 Scotch} the English and Welsh fornaces producing an average of 1,048 
tons each per annum, and the Scotch fornaces 946 tons. In 1806, the number of 
fornaces in blast in Great Britain was 173, and the make 258,206 tons of pig iron, 
being an increase in ten years of 133,127 tons per annum ; of these 162 were coke 
fornaces, the average produce of each of which had risen to 1,546 tons. In this year 
great excitement existed in the iron trade, in consequence of the proposal of Lord 
Henry Petty to levy, as a war tax, a duty of 40s. per ton on pig iron ; he introduced 
a bill into the House of Commons having this otject, and succeeded in carrying if, 
notwithstanding a powerful opposition, by a majority of ten members; the measure 
was however abandoned. 

In France, in 1801, the quantity of cast iron produced amounted to 140,000 tons 
from 550 blast furnaces, of which only one (that of Creusot) was worked with coke. 
In 1809, a description of the English process of making iron was published by order 
of council, by M. de Bonnard (an engineer of mines); another engineer of mines 
(M. de Gallois), after having passed several months in England, established at St. 
Etienne the second blast furnace in France, wherein the minerals were treated in the 
same manner as the English, and in which coke was employed ; but the difficulties 
he had to encounter proved a bar to his success, and he is said to have died prema- 
turely from the grief and trouble which the enterprise occasioned him (Scrivenor.) 
The employment of pit-coal in the manufacture of iron received a very slow develop- 
ment in France, for m 1818 the quantity of cast iron made with coke was very small, 
and no wrought iron was prepared with pit-coal ; in 1824 not more than 3,000 tons of 
cast iron were made with coke, but in 1828 it had risen to 17,000 tons. Though this 
did not amount to a tenth of the whole produce, nevertheless the quantity of bars made 
with pit-coal amounted in this year to 48,000 tons, being nearly one-third of the 
total manufacture of wrought iron. 

Cast iron, using that term in the sense in which it is now understood, mnst have been 
wholly unknown to the ancient metallurgists, for even in the smelting of their poorer 
ores, where they urged their fornaces with the greatest heat they could command, 
using probably time as a flux, the reduced metal was allowed to cool in the bed of the 
furnace, and was never ran into pigs as in the modern practice ; their best iron was 
produced in one operation, and after cooling and separating the scorioo, it was forged 
at once Into tough hard ban under the tilt hammer. The time and fuel consumed 
in these ancient methods was enormous, and the iron that remained in the scor'ise, 
amounted to folly one half of foe original metallic contents of foe ore. 

The modern processes of iron smelting differ materially according as foe foci 
empl oyed is eharcoai or pit-ooal. As an illustration of the method adopted when the 
former is used, foe following details of foe manufacture of the celebrated “ Oeregrund 
iron may be taken, premising that foe operations vary in a few particulars in other 
coun tries where different kinds of ore are dealt with. -The oeregrund iron is made 
from foe magnetic ironstone of Dannemora in Sweden. The ore, in moderately large 
pieoes such aa it comes from the mine, is first roasted. For this purpose an oblong 
ooffer of nuKmrT, 1 8 Act long, 10 feet wide, and about 6 feet in depth/opra at top! 
and furnished with a door at one of its smaller extremities, it cutely filled with 
logs of wood s ever „ this foe ore is piled to foe. height of from 5 to 7 feet and is 
covered with a coatingLof small charcoal almost a foot and a half in thickness. Tin* 
is then communicated to foe bottom of foe pile, by means of foe door just mentioned, 
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and in a short time the combustion spreads through the whole mass; the "nan quantity 
of pyrites that the ore contains is decomposed by the volatilintion of the sulphur : the 
moisture is also driven off, and the ore, from being very hard and refractory, be- 
comes pretty easily puVrerisable. In the space of twenty-four hours the roasting is 
completed : and the ore when sufficiently cool is transferred to a stamping mill, 
where it is pounded dry, and afterwards sifted through a network of iron, which will 
not admit any piece larger than a nasel-nut to pass. It is now ready to be smelted. 
The smelting furnace^ u a strong quadrangular pile of masonry, the internal form 
of which, though simple in form, is not very easily described. It may be considered 
in general as representing two irregular truncated cones, joined base to base j of 
these the lower is scarcely more than ona»third of the upper, and is pierced by two 
openings, through the upper end of which the blast of wind from the blowing 
machine is admitted into the ftirnace ; and from the lower the melted matter, 
both scoria an& metal, is discharged from time to time at the pleasure of the 
workmen. 

The furnace is first filled with charcoal alone, and well heated, after which alter- 
nate charges are added of ore, either alone, or mixed with limestone (if it requires 
any flux) and charcoal j the blast is let on, and the metal in the ore being highly 
carbonised in its pqfsage thfcragh the upper port of the furnafib, is readily melted 
ns soon as it arrives in the focus of the blast, whence it subsides in a fluid state to the 
bottom of the fomace covered with a melted slag. Part of the clay that closes the 
lower aperture of the furnace is occasionally removed, to allow the scoria to flow out, 
and at the end of every ninth hour the iron itself is discharged into a bed of sand, 
where it forms from ten to twelve small pigs. As soon as the iron has flowed out, 
the aperture is closed again, and thus the furnace is kept in incessant activity during 
the first six months of the year, the other six months arc employed in repairing the 
furnaces, making charcoal, and collecting the requisite provision of wood and ore. 
The next process for converting the gig into bar iron is refining: for this purpose a 
furnace is made use of, resembling a smith’s hearth, with a sloping cavity, sunk from 
ten to twelve inches below the level of the blast-pipe. This cavity is filled w ith 
charcoal and scoria, and on the side opposite to the blast-pipe is laid a pig of cast 
iron well covered with hot fuel. The blast is then let in, and the pig of iron being 
placed in the very focus of the heat, soon begins to melt, and as it liquifies, runs 
down into the cavity below : here, being out of the direct influence of the blast, it 
becomes solid, and is then taken out, and replaced in its former position. The cavity 
being then filled with charcoal, it is thus fhsed a second time, and after that, a third 
time, the whole of these three processes being usually effected in between three and 
four hours. As soon as the iron has become solid it is taken out, and very slightly 
hammered to free it from the adhering scoria : it is then returned to the fornace, and 
placed in a corner, out of the way of the blast, and well covered with charcoal, where it 
remains, till, by farther gradual cooling, it becomes sufficiently compact to bear the 
tilt hammer. Here it is well beaten till the scoria are forced out, and it is then divided 
into several pieces, which, by a repetition of heating and hammering are drawn into 
bars, and in this state is ready for Bale. The proportion of pig iron obtained from a 
given quantity of ore is subject to considerable variation, from the difference in 
the metallic contents of different parcels of ore and other circumstances ; but the 
amount of ftir iron that a given weight of pig metal is expected to yield is regulated 
very strictly, the workmen being expected to furnish four parts of the former for five 
parts of the latter, so that the loss does not exceed 20 per cent. 

In some parts of America, particularly in the states of Vermont and Hew Jersey, 
the Catalan forge is extensively employed, fa r smelting the rich magnetic ores which 

there abound. The form of this fire 


022 (which is nearly uniform everywhere), 

and the manipulation with it in Ame- 
rica, is thus described by Overman; 
— The whole is a level hearth of stone 
work, from 6 to 8 feet square, at the 
corner of which is the fireplace, from 
84 to 30 inches square, and from 15 
to 18, often 80, inches deep. Inside it 
is lined with oast iron plates, the 
bottom plate being from 8 to 8 inches 
thick. Figure 998 represents a cross 
section through the fireplace and tu- 
yere, commonly called toe iron; d re- 
pretests «w fire-pUce, which, u remarked line, is of tcAms dimensbpa. The 
=- b is from 7 to 8 inches above the bottom, and more or less in cl ine d a* 

w w Q 



. tuyere 
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cording to circumstances The blast is produced by wooden bellows of the common 
Item, or more generally by square wooden cylinders, urged by water wheels. The 
ore chiefly employed is the ~~ 

crystallised magnetic on. This 
on eery readily .Alls to a 
coarse sand, and when roasted 
varies from the size of a pea 
to the finest grain. Sometimes 
the on is employed without 
roosting. In the working of 
such fins much depends on the 
gVttl ud experience of the 
workman. The result is sub- 
ject to considerable variation, 
that is, whether economy of 
coal or that of on if our ob- 
ject Thus a modification is 
required in the construction 
either of the whole apparatus 
or in parts of it. The manipu- 
lation varies in many respects. 

One workman by inclining his 
tuyere to the bottom, saves 
coal at the expense of obtain- 
ing a poor yield. Another by 
carrying his toe iron more ho- 
rizontally at the commence- 
ment, obtains a larger amonnt 
of iron, though at the sacrifice of coaL Good workmen pay great attention to 
the tuyere, and alter its dip according to the state of the operation. The general 
manipulation is as follows : — The hearth is lined with a good coating of charcoal 
dust | and the fire plate, or the plate opposite the blast, is -lined with coarse ore, 
in case any it at our disposal. If no coarse ore is employed, the hearth is filled with 
coal, and the small ore piled against a dam of coal dust opposite the tuyere. The 
blast is at first niged gently, and directed upon the ore, while the coal above the 
tuyere is kept cool. Four hundred pounds or ore are the common charge, two-thirds 
of which are thus smelted, and the remaining third, generally the finest ore, is held in 
reserve, to he thrown on the charcoal when the fire becomes too brisk. The charcoal 
is piled to the height of two, sometimes even three and four feet, according to the 
amonnt of ore to be smelted. When the blast has been applied for an hour and a half, 
or two hours, most of the iron is melted, and forma a pasty mass at the bottom of the 
hearth. The blast may now be urged more strongly, and if any pasty or spongy 
mass vet remains, it may be brought within the range of the blast and melted down. 
In a short time the iron ii revived, and the scoriro are permitted' to flow through the 
tapping hole c, so that but a small quantity of cinder remains at the bottom. By 
means of iron bars, the lamp of pasty iron is brought before the tuyere... If the iron 
u too pasty to be lifted, the tuyere is made to dip into the hearth ; in this way the 
iron is raised from the bottom, directly before, or to a point above the tuyere^ until it 
Is welded into a coherent ball, twelve or fifteen inches in diameter. This ball is 
brought to the h a mm er or squeezer, and shingled into a bloom, which is either cut in 
pieces to be stretched by a hammer, or sent to the rolling mill to be formed iuto 
marketable her iron. A mixture of fibrous iron, cast iron, and steel, is the result of 
uie above process ; the quality of the iron depends entirely on the quality of the ore. 
fcr there are no opportunities for the exereiae of any (kill to create improvement* in 
the prooeea : poor ore* esnsot be smelted at all. In Vermont, where the rich mate 
° r *V r ? "“Ployed, ■ ton of Uoome coat, about 40 dollars j 4 tons of ore, and 300 
haebeb of charcoal are required to produce I ton of blooms. The Founuaux d 
P*** °f the French, or StSck-qfe* of foe German*, hold* a place be* 

twewi the Caiala* Wd and the high bleat foresee sew in general uie. The iron 
nrodnoedin this kind of foresee is generally of a very aupeimr kind, but it is very 
IS? 1 * g”* ** fle-pwwt time, on aobount of the 1 greet expense of lm «»..l P ni.«!^ 
The Stikk-ofiM, or ealamander foresee, m U la eometimei called, is amSd 
interior htylngjbs form of a double crucible. It Is usually from 10 to 14 foot blab, 
and Minolta* wide at bottom and top i and measures at its widest part .Va t & feet. 
There are geua Myjp e toyeres,botn on the same aide i the Imd It open, w da- 
ring thewuelt fag o peration it is diet by bricks* The foresee is hantedprevion* to 
•!<*»* In the breast i after which eharooal end ore art thrown in . foe hteTbihen 
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tamed on t as soon as the ore passes the tuyere, iron is deposited et the bottom ot the 
hearths when the cinder ricee to the tuyere, a portion ia suffered to escape through a 
hole in the i the tnyerea are generally kept low upon the snrfece of the melted 
iron, which thua becotnea whitened: as the iron rises the tnyerea are raised. In 
abont 24 hours one ton of iron is deposited at the bottom of tha fhrnace, the blast is 
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firMay.iatixed with three^burths sand. After the bottom stone is 
part which most be three-fourth* of an inch lower at the 


turned off, and the iron, which 
is in a solid mass, in the form of 
a salamander, or StUck wolf, as the 
Germans call it, is lifted loose from 
the bottom by crowbars, taken 
by a pair of strong tongs, which 
are fastened on chains, suspended 
on a awing crane, and then re- 
moved to ananvil, where it is flat- 
tened by a tilt hammer into four- 
inch thick slabs, cut into blooma, 
and finally stretched into bar iron 
by smaller fcammers. Meanwhile 
the furnace ia charged anew with 
ore and coal, and the same pro- 
cess is renewed. This process, 
as well as that of the Catalan 
hearth, ia impracticable with ores 
containing much foreign matter, 
or less than 40 per cent of metal. 

The general form of the mo- 
dem charcoal blast fhrnace, as 
used in the United States, where 
this foel is fhr more common than 
pit-coal (indeed, it ia doubtfhl 
whether any coke furnaces are at 
the present time in operation in 
that country), is shown in vertical 
section in fig. 904, and in section 
through the tuyere arches in fig. 
995. The ores designed to be 
smelted in this fornace are hy- 
drated oxides of iron, such as 
brown haematite, brown iron stone, 
pipe ore, and bog ores. The height 
is 35 feet; hearth from base to 
the boshes, 5 feet, 6 inches ; width 
at the bottom, 24 inches ; and at 
top, 30 inches. The tnyerea are 
20 inches above tbe base. The 
boshes are 9 feet 6 inches in dia- 
meter, and measure {torn the top 
of the crucible 4 feet, which gives 
abont 60° slope. The blast is 
conducted through sheet-iron or 
cast-iron pipes laid below tbe bot- 
tom stone into the tnyerea. . The 
top is furnished with a chimney, 
by which the blue Aram the tunnel 
head is drawn offi. Around the 
top is a fence of bon or wood. 
Fig. 996 shows the method of pre- 
paring and arranging the hearth- 
stones. d is the bottom atone, 
made of a fine d o es pa ined 
stone, from 12 to 15 inches 
at least 4 feet wide, and 6 feet 
long; it reaches undctnaatiMtikoto 
hair of the dam-atane A Tftflf- 
bottom tonne i* well , bedde£ 4h 
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bade, the two tide stones e, are laid embedded in fire-clay. Theca stones most 
be at least 6 feet and a half long, reaching from 18 inches behind the oracible to the 
middle of the dam-stone. Their 996 

form is most commonly square, 
that is, a prism of* four equal 
sides ; the transverse section of 
the grain most be in all eases 
placed towards the fire ; the side 
. stones are sometimes square, but 
oftener bevelled according to the 
slope / of the hearth. Upon these 
stones the tuyere stones d are 
bedded; the latter softer much 
from heat, and therefore ought to 
be of the best quality. They 
should be from SO to 84 inches 
square, or even larger: the tuyere 
holes /, a kind of taper arch, arc 
cut out before the stones are 
bedded. These stones do not 
reach further than to the front or timpstone o, and are therefore scarcely four feet 
long; the top stone e, is generally sufficiently high to raise at once the crucible to its 
destined height. After both sides are finished the back stone l is put in, and then 
the timpstone, g ; the space between the hearthstones and the rough wall of the 
fhrnace stack is filled and walled up with common brick or stones. 

In starting a charcoal frirnace, it is first thoroughly dried by burning a fire for 
several weeks in the interior, which has a temporary lining of bricks. The lower 
part of the friroace or the hearth is then filled gradually with charcoal, and when the 
fiiel is well ignited, and the frirnace half filled, ore may be charged in ; it is some- 
times advisable to increase the draught by forming grates by laying across the timp a 
short iron bar, as high np as the dam-stone, by resting upon this bar six or seven other 
bars or ringers, and by pushing their points against the back stone of the hearth. 
There is not much iron made during the first 84 hours; most of the ore is transformed 
into slag, and the iron which comes down gets cold on the bottom stone, where it is 
retained; the blast should not be urged too fast at first, but increased gradually, in 
order to avoid the serious evil arising from a cold hearth ; if all goes on well the hearth 
will be free from cold iron or clinkers in a week, the yield of iron will increase, and 
the burden may be increased likewise. The average charge of charcoal, which should 
be dry, coarse, and hard, is about 15 bushels. According to Overman’s experience, 
the most favourable height for a charcoal frirnace is 85 or 36 feet; if below this 
standard they consume too much fuel, if above they are troublesome to work ; if it be 
desired to enlarge the capacity of a frirnace, he thinks it better to increase the 
diameter of the boshes, or to curve the vertical section. There is much difference of 
opinion amongst managers of furnaces on the subject of the proper size for the throat 
of the frirnace; the tendency of narrow throats would seem to be to consume more coal 
than wide ones, inasmuch as in Pennsylvania and throughout the whole w *st, where 
narrow tops are preferred, the consumption of charcoal per ton of iron is from 160 to 
180 bushels, while in the state of New York, and further east, where the frirnace throats 
are wider, the consumption is from 120 to 130 bushels. Another subject which 
demands the strictest attention is the regulation of tbe blast. A weak soft charcoal 
will not bear a much greater pressure than from half a pound to five-eighths of a 
pound to tbe square inch; strong coarse charcoal will bear from three quarters of a 
pound to a pound; and again, it may be laid down as a role that the larger toe throat 
in proportion to toe boshes, toe stronger ought to be toe blast, and that a narrow top 
and wide boshes, while they permit a weaker blast, involve toe loss of much friel. In 
every ease a careful roasting of toe ores at charcoal furnaces will prove advantageous; 
this is toe surest means of saving coal and blast, and of avoiding many annoyances in 
the working of toe frirnace. 

With regard to hot blast, as applied to chareo&l furnaces, Overman remarks, that 
under some eircumstances it might be advantageous, but in others it is decidedly 
injurious ; that it is, at least, a questionable improvement, and it may be doubted 
whether toe manufacture of bar iron has derived any benefit flrom it ; qualita- 
tively it baa not Hot blast is quite a help to imperfect workmen : it melts refractory 
ores, and delivers good foundry metal with facility. I} 

Engdak proven qf iron nnkmg . — Mr. Hunt, in his very valuable 11 Mineral Sta- 
tistics, 1 * gives ni toe total quantify of pig iron produced in Great Britain in the year 
1864 {—4,767,951 tons, ana in 1865, 4,819,854 tons, as follows 
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1864. IMS. 

M , , , Toni Ton*. 

Northumberland ...... 55,467 49,290 

Durham ------- - 466,980 476,767 

Yorkshire, North Biding 409,106 486,481 

Da West Biding ..... 112,093 • 123,233 

Derbyshire - - - - - - 174,743 189,364 

Lancashire - - - - « - • 195,460 204,925 

Cumberland -• 141,033 107,430 

Shropshire 130,666 117,343 

North Staffordshire ...... 217,996 206,268 

South Staffordshire and Worcestershire - - 628.798 692,627 

Northamptonshire and Lincolnshire ... 22,828 25,728 

Gloucestershire, Wilts and Somerset ... 65,312 65,471 

North Wales 51,108 51,874 

South Wales 988,729 916,909 

Scotland 1,158,750 1,163,4/8 


4,767,951 4,819,254 

The number of ftrnaces Si blast in 1865 to furnish this astonishing make were, in 
England, 376, distributed over 176 iron works; in Wales, 185, distributed over 49 
works ; and in Scotland, 141, over 32. To supply these furnaces there were raised 
9,910,045 tons of ore, the estimated value of which, at the place of production, waa 
3,324,804/. ; that of the pig iron, at the mean average cost at the place of production 
being 12,048,133/. Of the ironstone, 1,384,500 tons were argillaceous carbonate 
from the coal measures of Staffordshire and Worcestershire ; nearly 1,500.000 tons 
from the coal measures of North and South Wales ; and 1,500,000 tons argillaceous 
carbonate from Scotland. The annual production of pig iron over the whole world 
was estimated by Mr. Blackwell, in"I)ccember, 1855, aa follows 


Tons. 

Great Britain - 3,000,000 

France - - 750,000 

United States of America 750,000 

Prussia - - 300,000 

Austria - -- -- -- - 250,000 

Belgium ------- - 200,000 

Russia - - 200,000 

Sweden -------- 150,000 

Various German Stales .... - 100,000 

Other countries ------ 300,000 


6 , 000,000 

From which it appears that the quantity of iron made annually in this island alone, 
is nearly, if not quite, as large as the total quantities produced m all other oountrieSi 
The nature of the ore which forms the staple supply of the English fhrnaces (argil- 
laceous cybonate), and the universal adoption of coke and coal as fuel, have led by 
necessity to a method of manufacture of iron quite peculiar to this country, and wholly 
inapplicable to those establishments that are carried on by means of charcoal. We 
shall proceed to describe the various steps of this manufacture in detail : — and first, 
Of the blastfurnace. — The blast furnaces at present in use are of various sixes, being 
from 35 to 60 feet in height, and at the boshes, or widest part, from 12 to 17 feet The 
internal form commonly adopted consists essentially of two fhutrums of cones meeting 
each other at their bases, at the point where the widest part or the top of the boshes 
is situated. From this point the furnace gradually contracts both upwards to its 
mouth, and downwards to the level of the tuyeres below. The hearth, properly speak- 
ing, is that part of die rarnace only 
which receives the fluid metal and 
cinder, as they fiill below the level of 
the tuyeres. It forms a short pro- 
longation from that point of the lower 
inverted cone. From the boshes 
upward the width gradually decreases 
to the tunnel head, which varies from 
7 to 9 fret in diameter, according to 
the sise of the fcrnaoe. The hearth 
is generally a cube, from 2} to 8 feet 
sauare. The air is introduced by one, two, or three small apertures, called tuyeres. 
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When two tnjaw an used, the orifloea of their blowpipes are about three inches in 
diameter, and the pre s sure of the biset is from 94 to 3 lbs* on the square in ch. To 
prevent the tuyeres from being melted by the intense heat to which they are ex- 
posed, a stream of ©old water 
is caused constantly to flow 
round their flhsslas by an 
arrangement which will be 
immediately understood by 
an inspection of Jig, 997, 
which represents a section 
of a tuyere nossle thus pro- 
tected, the oold water en- 
tering the casing by the tube 
a, and the hot water run- 
ning off by the tube b >. The 
upper part of the fbrnace 
above the boshes is called 
the am or body. It is formed 
by an interior lining of fire- 
brick, about 14 inches in 
thickness, between which and 
the exterior masonry is a 
casing of fine refractory sand 
compactly rammed in, air 
holes being left for the escape 
of aqueous vapour. In the 
base of the fornace four 
arches are left, the back and 
sides are called tuyere houses, 
the front is called the cinder 
falls the bottom of the fur- 
nace is formed either of large 
blocks of ooarse sandstone or of large fire-briclu. The materials are charged into 
the fornace through the tunnel bred, which is provided with one or more apertures 
for the purpose. The general form of a blast fornace is shown in fig. 998, and the 
following measurements represent the interior structure of two that worked well: — 



No. l. 


No. S. 



Height from the hearth to the throat or mouth 
Height of the crucible or hearth 

n of the boshes - 

„ of the cone 

„ of the chimney or month 

"Width of the bottom of the hearth* 

„ at its upper end - 
N of the boshes f 
„ at one-third of the belly 
„ at two-thirds of ditto - 
M at month - - - 

Inclination of the boshes $- 

Fig. 999 represents the hearth and bodies in a vertical side section, a is the tymp 
•tone, and 6 the tymp plate, for confining the liquid metal in the hearth. ^ The latter 
is wedged firmly into the side waUs of the hearth j c is the dam-stone, which occupies 
the whole breadth of the bottom of the hearth, excepting about six inches, which space, 
when the fornace is at work, is filled before every cast with a strong binding sand. 
This stone is fooed outside by a cast-iron plate d, called the dam plate, of considerable 
thickness and peculiar shape. The top of the dam-stone, or rather the notch of the 
dam-plate, lies from 4 to 8 inches under the level of the tuyere hole. The space 
under the tymp plate, for 6 or 6 inches down, is rammed foil for every east with a 
strong loamy earth or even flip city, a process called tymp stopping. 

• The width of the hearth dUfere treaty In tha fornaces to different localities In SeoUand it Twice 
tram 6 to S feet | In the Welch Aimacee from 5 to 8 feet. When eoke le used ai feel Mr. Tniran thinks 
• feet a eoMdaot width for all mirpoece $ but wtthooal. with foll-eiied fornaces, 16 to 19 feet acroee tha 
boshes, ha thlnke a 7 feet hearth to bo Dore odTanUfeoui. 

* The diameter of tha boehee In some Of the Welch fernaeee Is as ranch as from IS tol9 feet. 

X Tha aasla with which tha boehee rice In different foraaees varlee from 60° to 80°. Mr. Tniran 
thinks thatwheo tha fell smdtlnf power of tha feraaoe la deelred, the angle should not be loss than 70P, 
which Is shoot that of the Scotch fernaeee. 
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The blowing machines employed in Staffordshire are generally cast-iron cylinders. 
In which a metallic piston is exactly fitted as for a steam engine, and made in the same 
way. Towards the top and bottom of the blowing cylinders orifices are left covered 

with valves, which open inside when the va- 

; ctmm is made with the cylinders, and after- 

\ wards shut by their own weight Adjutages 
* eondugt into the iron globe or chest the air 
expelled by the piston, both in its ascent and 
descent, because these blowing machines have 
always a double stroke. 

Tip pressure of the air is made to vary 
through a very considerable range, according 
to the nature of the fuel, and the season of the 
year : for as in summer the atmosphere is more 
rarefied it must be expelled with a compen- 
sating force. The limits are from ll to im- 
pounds on the inch, the average in Stafford- 
shire being S lbs. The orifices, or nose pipes 
through which the air ifraes, also vary with 
the nature of the coke and the ore. 

In a blast apparatus employed at the Cyfartha 
works, moved by a 90 horse steam power the piston rod of the blowing cylinder 
is connected by a parallelogram mechanism with the opposite end of the working 
beam of the steam engine. The cylinder is 9 feet 4 inches diameter, and 8 feet 
4 inches high. The piston has a stroke 8 feet long, and it rises.13 times in the 
minute. By calculating the sum of the space percursed by the piston in a minute, and 
supposing that the volume of the air expelled is equal to only 96 per cent of that 
sum, we find that 19,588 cubic feet of air are propelled every minute. Hence a 
horse power applied to blowing machines of this nature gives on an average 137 
cubic feet of air per minute. 

At the establishment of Cyfertha for blowing seven smelting fhrnaces, and the 
seven corresponding fineries, three steam engines are employed, one of 90 horse power, 
another of 80, and a third of 40, which constitute on the whole a force of 210 horses. 




or 26 horses and }th per furnace, supposing the fineries to consume one-eighth of the 
blast In the whole of the works of Messrs. Craw shay, the proprietors of Cyfartha, the 
power of about 340 horses is expended in blowing 12 smelting furnaces and their 
subordinate fineries; which gives from 25 to 26 horses for each, allowing as before Jth 
for the fineries. Each of the furnaces consumes about 3,567 cubic feet of air per 
minute. 


The form of the blast furnace from the boshes to the throat is exhibited in Jig. 998 
as a truncated cone, and such was formerly invariably the construction ; of late years 
however considerable variations have been introduced. In Scotland the body of the 
furnace frequently is carried up cylindrical, or nearly so, for a considerable height, 
terminating with the usual truncated cone\o the month; in other places a curved line 
is substituted for u straight one. The form adopted in some fomaces recently 
erected atJEbbw Tale and Blaina is shown in Jig. 1000. 

The diameter of the throat or filling place is a subject of very great importance to the 
operations of the furnace. Most iron masters are, we believe, agreed as to the impolicy 
of the narrow tops formerly adopted; the waste of fuel in snch furnaces, where the 
width of the throat scarcely averaged one-fourth of the diameter of the furnace, was 
very great, the average yield of coal to the ton of crude iron exceeding 6 tons ; by 
enlarging the throat to one-tblrd, the consumption of coal was reduced to 4 tons, and 
by continuing the enlargement to one-half it was reduced to 2 tons. s Mr. Truran 
states that on reducing the diameter of the throat of a furnace at Dowlais from 9 feet 
to 6, the make of pig iron weekly foil off from 97 tons, to an irregular make of from 50 
to 70 tons ; and that while with the 9 feet throat the consumption of coal was 45 cwts. 
to the ton of iron, it rose with the 6 fret throat to 70, 80, and 90 cwts., the quality of 
the iron being exceedingly bed. On enlarging the throat to 9) feet, the make, for a 
period of 6 months, avenged over 160 tons, with a good yield of coal and other 
materials. Mr. Truran appears to question the utility of reducing the diameter of the 
fornaee at the top, which was ftnly adopted in the first plsce from an erroneous 
impression that the fhmaoe could be filled best through a contracted mouth ; but it 
may be questioned whether this widening of the throat may not be earned too for, so 
as 40 disperse the heated gases too rapidly, and whether a diameter much greater than 
on e - half of foe largest dimensions of foe furnace above foe boshes can with utility be 
adopted. On this subject Mr. Kenyon Blackwell says, “If that part of foe blast 
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Airnaoe oornmonaing at the point where it attaine its 
of the same wide dimensions upwards to its moo 
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itest width were oontinued 
two objectionable results 
would ensue: 
first the upper 
(TV— partofthW- 
LiRA naoe would be 
coded hw the 
l too rapid dis- 

persion of the 
% column of heated gases, 
le entire absence of the re- 
ng effect of the contracted 


mouth i and secondly* the materials 
could not be equally spread from 
the filling holes oyer so wide a sur- 
face. Hie diameter of the upper 
part ftfrnace ought, therefore, to be 
6nch as will cause the materials 
thrown in at thc.fi)ling holes to dis- 
tribute themselves equally in their 
descent oyer eyery part of the sec- 
tional area of the furnace, and will 
produce snch a reverberation only 
of heat as shall be sufficient to ex- 
pel the water and carbonic acid 
contained in the materials, without 
consuming any of the carbon of the 
ufuel, which ought to remain intact 
until it reaches the lower regions of 
the fhrnace, where it is Vaporised 
as carbonic oxide, and produces 
the reactions on which the reduc- 
tion of the ore depends.** 

Calcination of the tronttone. — 
This is effected either in kilns, or 
in the open air ; the object being 
to separate carbonic acid, water, 
sulphur, and other substances vola- 
tile, at a red heat. The operation 
is performed most effectually, and 
probably at the smallest cost, in 
kilns. The interior shape of the 
calcining kilns differs in different 
works, but they may all be reduced 
to that of the common lime kiln, 
\ coal fire is first lighted at Iho 
lKittom of the kiln, and the iron- 
stone is placed over and around. 



until the floor is covered with red 
hot ore ; a fresh layer of ironstone, 
with about A per cent of coal, is 
then laid on, to the depth of 8 or 0 
inches ;• and when this is red hot, 
a second layer is added, and so on 
gradually till the kiln is filled; by 
the time this is done, the lowermost 
layer is cold and fit to draw, so that 
the working of the kiln is a con- 
tinues! operation. When the ore 
is calcined in the open air, a heap 
mingled with small coal (if neces- 
sary), is piled up over a stratum of 
larger pieces of coal, the heap being 
5 or 6 feet high, by 15 or SO brop£ 
The fire is applied at the windward 
end, and after it baa burnt a oer- 
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tain way, the heap 'is prolonged at the other extremity, as fur as the nature of the 
ground, or the conveniences /work requires. From the impossibility of regulating the 
draught, and from exposureto the weather, the ealoination of ore cannot be so well 

S rformed in the open air as in kilns ; and as to the relative cost of the two methods. 

r. Truran calculates that the quantity of coal per ton of ore is, in the kiln, one hun- 
dred-weight of small i and in the open air, two hundred-weights of small, and a half 
hundred-weight of large ; and that while ^he cost of filling the kiln is barely a 
penny per ton, that m stacking the heaps on the open air plan, and watching them 
during the period they are under fire, amounts to fourponce per ton. Against 
this must, however, be placed the cost of erecting the kiln, which according to the 
same authority amounts, for a kiln of a capacity equal to 70 tons of argillaceous ore, 
which will calcine 146 tons weekly, to 1602. The ironstone loses by calcining from 
26 to 30 per cent of its weight ; it has undergone a remarkable change by the opera- 
tion; in the rawastate, it is a grey or light brown stony looking substance, not at- 
tracted by the mapet ; after calcination it has a dry feel, adheres strongly to the 
tongue, is cracked in all directions, is of a light reddish colour throughout, and acts 
powerfully on the magnet It should be carried to the fhmace as soon as possible, or 
if kept should be carefully protected from the rain. 

Flux . — TheWy flux that % used in the blast furnace is fimeitotfc, either in the state of 
carbonate as it comes from the quarry, or calcined in kilns, by which it is deprived of 
water and carbonic acid. The lowest bed of the coal formation usually rests on 
limestone, and in the coal formation itself are found not only the ore and its most 
appropriate fhel, bnt the pebbly grits which afford the blocks of refractory stone neces- 
sary for building those parts of an iron furnace that are required to endure the utmost 
extremity of heat, as well as those seams of refractory clay, of which the fire-bricks 
are composed, with which the middle and upper parts of the furnace are lined. “ Thus 
many situations in this fhvoured island may be pointed out, in which all the above 
mentioned materials occur almost o* the same spot ; and when to this is joined tho 
convenience of water carriage, as happens in many places, that man must indeed 
be of an obtuse understanding and a churlish temper in whom this wise arrange- 
ment and prodigal beneficence of natnre fails to produce corresponding feelings.** 
— Aikin. 

The composition of the limestone io be used in smelting operations is of consider- 
able importance ; where calcareous ores are used, the presence of silicic acid in the 
limestone is advantageous ; if clay ores are the main material from which iron is ma- 
nufactured, a magnesian limestone is preferable, but an aluminous limestone should 
lie used where siliceous ore predominates. Chemical analysis alone can determine to 
which class a particular limestone belongs, as there is often nothing in the external 
appearance by which a pure limestone may be distinguished from one containing 40 
or 60 per cent, of foreign matter. 

Carbonised pit-coal or coke was, till within the last twenty-five years, the sole com- 
bustible used iu the blast furnace. Coal is coked either in the open air or in kilns. 
In the former, as practised in Staffordshire, the coal is distributed in circular 
heaps about 6 feet in diameter by 4 feet flight, and the middle is occupied by a low 
brick chimney piled with loose bricks, to open or to leave interstices between them, 
especially fiear the ground. The larger lumps of coal are arranged round this 
chimney, and the smaller ones towards the circumference of the mass. When every- 
thing is adjusted a kindling of coals is introduced into the bottom of the brick 
chimney, and, to render the combustion slow, the whole is covered with a coat of coal 
dross, the chimney being loosely covered with a slab of any kind. Openings are 
occasionally made in the crust, aud afterwards shut up, to quicken and retard the 
ignition at pleasure during its continuance of twenty-four hours. Whenever the 
carbonisation has reached the proper point for forming good coke the covering 
of coal dross is removed, and water is thrown on the heap to extinguish the com- 
bustion, a circumstance deemed useful to the quality of the coke. In this operation 
in Staffordshire coal loses the half of its weight, or two tons of cool produce one of 
coke. 

In order to prepare larger quantities of coke at once, long ridges are often substi- 
tuted for circular heaps, the length of which varies with circumstances and the con- 
sumption of coke ; they sometimes extend to the length of 200 fret. . On erecting one 
of these ridges a string is stretched along the coking station, in the direction of which 
large pieces of coal are placed slanting against each other, leaving a triangular space 
between them, so that a longitudinal channel (ignition passage) is formed through 
which the string passes. Io arranging the pieces it is necessary to pay attention to 
the natural stratification of the coals, winch should be at right angles to the longitudinal 
direction of the ridge. Parallel with the first series of coals is placed a second, and 
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then a third, and so on i hot the pieces constantly diminish in aim until the atation 
measures 6 feet on both sides. Upon thia substructure the heap la then made, 
without particular oere in the arrangements, the largest pieoes below and die smallest 
above, until it has readied a height of about 3 feet To feeilitate die ignition, stakes 
are rammed in at distances of 2 feet from each other, projecting shore throughout 
the whole length of the ridge, which, when sqbsequently removed, leave vacant 
spaces for the introduction of burning coal The ridge, being thus kindled at more 




observes the thick smoke and flame oease at any one part, and a coating of ash 
making its appearance, he endeavours immediately to atop the progress of the fire bj 
covering it with powdered coal dust, repeating the operation until the whole ridge is 
covered, when it is left two or three days to cool ; the covering on the side exposed 
to the wind should be thicker and increased in stormy weather. When the fore is 
nearly extinguished, which occurs in two or three days, the ookefr drawn. Thia 
mode of coking is simple, but not very economical The fire proceeding from the 
upper port of the ridge in a downward direction, towards the lower and interior parts, 
converts the coal in the upper strata into coke before that in the interior has acquired 
the temperature necessary for charring, and ia still in want of a supply of air, which 
can only be fornishea from without, and must not be excluded by a covering. During 
the time, therefore, that the inner parts of the heap are being converted into coke, the 
outer portions are being uselessly, though unavoidably, consumed. For forther details 
concerning coking see the articles Coal and Coxa. 

The “ blowing in " of a coal blast furnace is an operation which requires much 
care and experience. A fire of wood is first lighted on the hearth ; upon this is 
placed a quantity of coke, and when the whole is well ignited, foe furnace is 
filled to foe throat with regular charges of calcined ore, limestone, and coke, and 
foe blast, which should at first be moderate, is turned on. At foe works around 
Merthyr Tydvil, foe first charges generally csnsist of 5 cwts. of calcined argil- 
laceous ore and 1} owt. limestone, to 4 cwts. of rich coke ; this burden is kept 
on for about 10 days, it is then increased to 6 cwts. of calcined ore and 2£ cwts. of 
limestone ( Truran ). The cinders nsually make their appearance in about 12 hours 
after blowing, foe metal follows in about 10 hours after, collecting in foe hearth to the 
amount of 8 or 3} tons in 60 hours after blowing. If all goes on well about 22 tons 
of metal will be produced in foe first week, 88 tons in foe second, 55 in foe third, and 
nearly 80 in foe fourth; after 10 or 12 weeks foe produce will average 110 tons. 
By forcing foe ftiraace in its inftney a much greater produce of iron may be obtained, 
though to the injury of its subsequent working. Mr. Truran relates foe following 
case in point. A ftiraace was blown in at the Abersyehan works with such volumes 
of blast and rich burden of materials that a cast of several tons was obtained within 
14 hours after applying blast The first week’s blowing produced 200 tons, at which 
rate it continued for two or three weeks, when it rapidly diminished, felling so low as 
19 tons for one week’s make. From foil deplorable state it was made to produce 26 
tons, and, after considerable delay, 100 tons ; but with a large increase in foe yield of 
materials over that at foe other ftimaces. When a ftiraace is first blown in it should 
be made to produce grey iron ; but foe tendency of forcing is to produce a white iron 
with a dark scouring cinder. o 

Thu quantity of air thrown into a blast ftiraace in ftill work is enormous, exceeding 
in weight foe totals of all foe soiled materials used in smelting. A ftiraace working 
on foundry iron of a capacity of 275 yards receives 5890 enbic feet of air per 
minute, which amounts, weekly to 1695 tons ; when working on white iron a larger 
volume of blast is employed, averaging 7370 cubic feet per minute, or 2318 tons per 
week. 

The disorders to which blast fttrasces are liable have a tendeney to produce white 
east iron. The colour of the slag or scoria is foe surest test of these derangements, 
as it indicates foe quality of the products. If foe ftiraace is yielding an iron proper 
for casting into moulds, foe slag has an uniform vitrification and is slightly txanslucid. 
When foe dose of ore is increased foe slag becomes opaque, dull and of a greenish 
yellow tint, with blue enamelled zones. lastly, when the ftiraace is producing 'white 
metal, the slags are more or less black and glossy. The sooria from a coke are much 
more loaded with lime than those from a charcoal blast ftiraace. This excess of lime 
appears adapted to absorb and carry off foe sulphur which would otherwise iqjnre the 
qualitv of the iron*; From numerous analyses we have made of blast fornace cinders 
we sefect the following as illustrating their general composition under different condi- 
tions of the fonise* 
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. Analyses ef Blent Furnace Cinders, (Da. N ou>.) 


811lai • 

Alumina - 
Lime - - 

Magnesia- • 9 

Protoxide of manganese 
Protoxide of Iron 

PouUh . - - 

Sulphuret of calcium • 
Lou 

I. 

11. 

HI. 

IV. 

V. 

VL 

VIL 

40 SO 

80-34 

716 

traces 

1*90 

1-96 

1*70 

*43 

88-49 

1419 

84*86 

6-14 

1-54 

9*10 

1*48 

1*16 

•69 

41*19 

99*00 
a 99-48 

1-88 

traces 

S*(J0 

not determined 
. 109 

* *88 

40 50 
19*48 
26-Aft 
8*90 
11*90 
8*80 
1-15 
9-90 
•89 

1 

40-56 

97*85 

10*30 

9-75 

9*00 

18*19 

1*90 

•46 

1*56 

49-96 

90-20 

10-19 

9*90 

1*68 

19*80 

1*10 

] 1-89 

100-00 

100-00 

100 00 

100*00 

100*00 

100-00 

100-00 



The following table exhibits the M yields’* of materials per ton on the iron made 
in various works. During the month ending July 25th, 1857, there were consumed 
in four fornaces at Ebbw Vale 1354 tons 14 cwt. of coke ; 1792 tons of coal ; 2440 
tons 19 cwt of calcined mine; 1818 tons 10 cwt of red ore; 1347 tons 6 cwt of 
calcined cinders ; and 1226 tons 7 cwt of burnt lime. The quantity of pig iron 
made was 2805 tons 7 cwt : — 


Yields of Materials per Ten <f Iren . 






I. 

11. 

H. 

IV. 

V. 

D 

VII. 

S3 

IX. 





cwt. 

cwt. 

cwt. 

cwt. 

cwt. 

cwt. 


cwL 

cwt 

Calcined mine 

m 

. 

. 

48 

28 

0 

46 

33 

97 

o 

374 

% 

Hematite - ■ 

. 

• 

- 

^mim 

10 

10 

0 

A 

10 

in* 

7l 

Cinders - 

_ 

. 

. 

0 

10 

96 

0 

0 

0 

ni 

HI 

0 








coke 


coke 




Coal 

■ 

* 

- 

60 

mm 

36 

34 

40 

31 

mm 



Limestone - 

“ 


“ 

17 

y 

16 

1C 

fi 

16 

y 

«! 

m 


L Powlali foundry iron. II. Dowlaii forge Iron. III. Dowlsli Inferior forge Iron. IV. Hlrwaln 
foundry Iron. V. Dundyran, Scotland, foundry Iron. VL Pontypool cold blait foundry iron. 
VIL Ebbw Vale forge Iron. VIII. Cwm Celyn forge Iron. IX. Coalbrook Vale foundry Iron. 


The “ cinders” mentioned in the foregoing table are not those from the blast 
furnace, but are derived from the cast iron during the processes of "refining,” 
“ puddling,” &<t, by which the cast iron is converted into wrought iron. These 
cinders are very rich in iron, which exists in them principally in the form of silicate 
of the pfbtoxide. They often occur beautifully crystallised, particularly after they 
have been calcined, an operation which is always performed on them m well con- 
ducted works, and which has for its object the removal of the sulphur and the per- 
oxidation of a portion of the iron. These cinders, though very rich in iron, are 
always contaminated to a considerable extent with both sulphur and phosphorus, as 
might be expected, seeing that they are the results of operations which have for their 
objects die removal of the foreign matters contained in the pig iron. The tendency 
of the former is to make the metal what is called "'hot short, so that it cannot he 
worked while hot under the hammer ; the tendency of the latter element is to make 
the iron M cold short,” so that it breaks when an attempt is made to bend it when cold. 
The separation of sulphur is very perfectly effected by the calcination of the cinder, 
and it u interesting to trace the progress of Its gradual elimination. In some parts of 
the heap (which often contains several thousand tons of cinder) large masses of 
prismatic crystals of pux% sulphur may he found, but usually nearly the entire surfece 
of the heap is covered with a thin layer of sulphate of iron, sometimes crystallised, 
but generally in various stages*of decomposition ; lower down in the heap, where the 
heat is grafter, the sulphate of iron disappears, and in its place red oxide of iron, 
without a trace of sulphur, Is found. In calcining a heap of cinders care is required 
mot to allow the heat to rise too high, or immense masses will become mel t ed together, 
involving the necessity of blasting, which entails much expense. After the heap has 
been horning for seme months, streams of water are directed over the surfece, hy 
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which much soluble sulphate of iron is removed. Unfortunately, the prooeM of 
calc ina t ion does not remove any of the phosphoric add, which necessitates a judicious 
employment of these cinders m the blast ftiraaee. We have repeatedly submitted 
“forge cinders ' 9 to analysis, and give in the following table the average results of oar 
experiments. 

Anatgets qf Forge Cinder*. (Db. Noad.) 


Silica ... 
Protoxide of Inn 
Peroxide of Iron 
Snlphuret of Iron 

Oxide of mansaneae . 
Alumina 

Lime ... 
Mngneila 

Phoaphorlc add 

I. 

II. 

* III. 

IV. 

r. 

VI. 

6*000 

63 7M 
11*420 
6*766 
1-680 
2*400 
1*232 
traces 
7*268 

6*67 

72*60 

6-30 

4*56 

1*77 

2*22, 

*12 

traces 

6*86 

82*000 
, 62*200 
‘ 6*000 
1*063 

not determined 
9*000 
traces 
traces 
*252 

16*800 

61*720 

19*980 

6*896 

*960 

1*300 

*420 

traces 

4140 

12.800 

67*800 

2*860 

6*600 

uot determined 
6*600 
traces 
traces 

6 820 

12*800 

10*600 

70*000 

*620 

1*140 

*4517 

traces 

traces 

4*600 

29*616 

00*60 

101*105 

99-216 

100*030 

99*987 


I. Tap cinder from rental metal. II. Tap cinder from puddling furnace. Hl.uCInder from 
re-heating furnace. IV. Mixed cinder from the heap after a few tiara' burning. V. Cinder 
squeexed out of the puddled bar during the procou of ihlngling. VL Specimen from a large 
heap of thoroughlj calcined cinder. 


Hot blast — - One of the greatest improvements ever made by simple means in any 
manufactory is the employment of hot air instead of the ordinary cold air of the at- 
mosphere, in supplying the blast of furnaces for smelting and founding iron. The 
discovery of the superior power of a hot over a cold blast in filling refractory lamps 
of cast iron, was accidentally observed by Mr. James Beanmont Neilson, engineer to 
the Glasgow Gas Works, about the year 1827, a* a smith’s forge in that city, and it 
was made the subject of a patent in the month of September in the following year. 
No particular construction of apparatus was described by the inventor by which the 
air was to be heated, and conveyed to the furnace ; but it was merely stated that the 
air may be heated in a chamber or closed vessel, having a fire under it, or in a vessel 
connected in any convenient manner with the forge or furnace. From this vessel the 
air is to be forced by means of a bellows into the ftiraaee. The quantity of surface 
which a heating ftiraaee is required to have for a forge, is about 1,260 cubic inches ; 
for a cupola ftiraaee, about 10,000 cubic inches. The vessel may be enclosed in 
brickwork, or fixed in any other manner that may be found desirable, the application 
of heated air in any way to furnaces or forges, for the purposes of working iron, being 
the sntject claimed as constituting the invention. 

Wherever a forced stream of air is employed for combustion, the resulting tempe- 
rature most evidently be impaired by the coldness of the air injected upon the fuel. 
The heat developed m combustion is distributed into three portions ; one is commu- 
nicated to the remaining ftiel ; another is coqununieated to the azote of the atmosphere 
and to the volatile products of combustion ; and a third to the iron and fluxes, or other 
surrounding matter, to be afterwards dissipated by wider diffusion. This inevitable 
distribution takes place in such a way, that there is a nearly equal tei iperature 
over the whole extent of a fire-place, in which an equal degree of combustion 
exists. 

We thus perceive that if the air and the coal be very cold, the portions of heat ab- 
sorbed by tnemmight be very considerable, and sufficient to prevent the resulting tem- 
perature from rising to a proper pitch ; but if they were very hot they would absorb 
less caloric, and would leave more to elevate the common temperature. Let us sup- 
pose two fbraaces charged with burning fuel, into one of which cold air is blown, and 
into the other hot air, in the same quantity. In the same time, nearly equal quantities 
of ftiel will be consumed with a nearly equal production of heat j but notwithstanding 
this, there will not be the same degree of heat in the two furnaces, for the one 
which receives the hot air will be hotter by all the excess of best in its air above 
that of the other, since the former air adds to the heat while the latter abstracts from 
it Nor are we to imagine that by injecting a little more cold air into the one ftir- 
naoe, we ean raise its temperature to that of the other. With more air indeed we 
should burn more coals in the same time, and we shtinld produce a greater quantity 
of heat, but this heat being diffused proportionally among more considerable rfi m 
of matter, would not produce a greater temperature ; we should have a larger space 
heated, but not a greater intensity of heat in the same space. 

Thus, according to the physiol principles of the production and distribution of 
heat, foes fbd with hot air should, with the nine ftiel, rise to a higher pitch of tem- 
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peratare than Urea fed with common cold air. This consequence Is independent of 
the masses, being as true for a small store which burns only an ounoe of «*amal 
in a minute, as for a fornace which barns a hundred-weight ; but the excess of 
temperature produced by hot air cannot be the same in small fires as in great, be- 
cause the waste of heat is usually less the more fuel is burned. 

This principle may be rendered still more evident by a numerical illustration. Let 
us take, for example, a blast furn&ce, into which 600 cubic feet of air are blown 
per minute ; suppose jt to contain no ore i>ut merely coal or coke, and that it has 
been burning long enough to have arrived at the equilibrium of temperature, and 
let us see what excess of temperature it would have if blown with air of 800° C. 
(678° F.% instead of being blown with air at 0° C. 

600 cubic feet of air, under the mean temperature and pressure, weigh a little 
more than 45 pounds avoirdupois; they contain 10'4 pounds of oxygen, which 
would burn very nearly 4 pounds of carbon,^and disengage 16,000 times as much 
heat os would raise by one degree per cent, the temperature of two pounds of water. 
These 16,000 portions of heat, produced every minute, will replace 16,000 other 
portions of heat, dissipated by the sides of the foresee, and employed in heating 
the gases which escape from its mouth. This must take place in order to estab- 
lish the assumed equilibrium of caloric. 


1003 



^f the 45 pounds of air be heated beforehand up to 800° G, they will con- 
tain about the eighth part of the heat of the 16,000 disengaged by the combus- 
tion, and there will be therefore in the same space one-eighth of heat more, which 
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will be needy to operate upon any bodies within its range, and to hjjat them one- 
eighth more. Thai the blast of 800° 0. gives a temperature whieb is nine-eighths 
of the blast at aero CL, or at even the ordinary atmospheric temperature i and as 
we; may reckon at from 2,800° to 2,700° F. (from 1,200° to l,50(r C.), the tempe- 
ratore of blast Jhruaees woiked in the common way, we pereeiTe that the hotnur 
blast produces an increase of temperatore equal to from 270° to 860° F. 

Now in order to appreciate the immense effects which this excess of tempera- 
ture may produce in metallorgic operatfbna, we must consider that often only a 
few degrees more temperature are required to modify the icate of a fbsible body, 
or to determine the play of affinities dormant at lower, degrees of heat Water is 
solid at 1° under 82° F. j it is liquid at 1° above. Evenr ftaaible body hu a deter- 
minate melting pointy a very few degrees above whieb it is quite fluid, though it may 



be partly below it The same observation applies to ordinary affinities; 

Charcoal, fer ex a mple, which reduces the greater part of metallic o xi d es , begins* to 
do so only at a determinate pitch of tempenrture, under' which it is inoperative, but a 
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few degrees above, it is in general lively and complete. It is unneeemry in this 
article to enter into any more details, to show the influence of a few degrees of heat 
more or leu hi a furnace upon chemical operations, or merely upon physiol changes 
of state. 

Fig*. 1003, 1008, exhibit the apparatus of the hot blast as mounted at the Codner 
Park works, belonging to JRTilliam Jessop, Esq., in every reqoiiite detail. The draw- 
ings from which the wood-cats are faithfully copied were kindly tarnished for this 
work by Mr. Joseph •lyn, F.R.S., the distinguished engineer of the Bntterly Iron 
Works. 

The smelting tarnaces have now generally three tnydres, and three sets of air 
heating tarnaces. The figures show two tets built together ; the third set being de- 
tached on account of peculiar local circumstances. The air enters the horisontal 
pipe A, in the ground plan, Jig. 1002, on one side of the arched or ayphon pipes, shown 
in upright sectiofi in fig. 1003, and passes through these pipes to the horisontal pipe,B, 
on the other side ; whence it proceeds to the blast furnace. These syphon pipes are 
flattened laterally, their section being a parallelogram, to give more heating surface, 
and also more depth of pipe (in the vertical plane), so as to make it stronger, and less 
liable to bend by its own wyght when softened by the red hgat This system of 
arched pipe apparatus is set m a kind of oven, from which the fine is taken ont at the 
top of it; but it thence again descends, before it reaches tho chimney, entering it 
nearly at the level of the fire grate, (as with coal gas retorts). By this contrivance, 
the pipes are kept in a hath of ignited air, and not exposed to the corroding influence 
of a current of flame. The places and directions of these oven flues are plainly marked 
in the drawing: 
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pipes, A, which leads to the farnaoe. Thus in case of repairs being required in 
one act, the other two may be kept in fall activity, capable of supplying abandonee of 
hot air to the blast, though of a somewhat lower temperature. See Smmnno for 
constructions of different blast fornooes ; also PunDuno. 

Daring a visit which Dr. Ure made to Mr. Jessop, at Batteriy, he found foie emi- 
nent and very ingenious iron-master had made .qpveral improvements upon his hot- 
blast arrangements, whereby he prevented the alteration or form to whieh the arched 
pipes were subject at a high temperature, os also font he was* about to employ five 
tuydres instead of three. For a drawing and explanation of his foraace-feeding 
apparatus, see Snumrck 

The experiments through which Mr. Nielson’s important discovery was introduced 
into the iron manufacture, were made at the Clyde Iron Works, where the foel ge- 
nerally made use of wat coke, derived from splint coal; during its conversion into 
coke, this cool sustained a loss of 55 per cent During the first sex months of the 
year 18189, when all the cast iron in the Clyde Iron Works was made by means of 
the oold blast, a single ton of cast iron required for foel to reduce it 8 tons l£ cwt of 
cool, converted into coke. During the first six months of the following year, while 
the air was heated^to near 800° F ? 1 ton of cast iron required 5 tons 3£ cwt of 
coal converted into coke. The saving amounts to 8 fans 18 cwt fev ton of iron, 
from which most be deducted the coal need in heating the air, which was nearly 8 cwt 
This great success induced the Scotch iron-masters to try a higher temperature, and 
to substitute raw coal for coke ; and during the first six months of the year 1838, the Mast 
being heated to 600°, 1 ton of cast iron was made with 8 tons 5$ cwt of coal. Add 
to this 8 cwt of coal for heating, and we have 8 tons 13£ cwt. of coal to make one ton 
of iron. . An extraordinary impetus was given by this discovery to the iron manu- 
facture in Scotland, where, from the peculiar nature of the coal, and from the cir- 
cumstance that, with a heated blast Mushet’s black baud ironstone could be exclusively 
used, its importance was more highly felt than in England and Wales. According to 
Mr. Finch's statement (Scrivener's “ History of the Iron Trade"), there were in 1830 
only eight works in operation in Scotland, which made in that year 37,500 tons of 
pig iron ; in 1838 there were eleven works, consisting of 41 farnaces, which made 

147.500 tons, being an increase in eight yean of 110,000 tons per annum ; in 1839 
there were 50 farnaces in blast making 195,000 tons ; in 1851, 750,000 tons of 
pig iron were made ; and in 185G, with 187 farnaces in blast the make rose to 

880.500 tons. The influence of hot blast has likewise been felt in the anthracite 
district of South Wales, where that coal is now successfully used, and where several 
new furnaces have in consequence been erected. In short notwithstanding the oppo- 
sition with which the introduction of hot blast was met by engineers, as being de- 
structive of the quality of the iron, so great have been the advantages derived from 
it that at the present time more than nineteen-twentieths of the entire produce of the 
kingdom is made in farnaces blown with heated air. 

Mr. Truran, in his recent work on the iron manufacture of Great Britain, gives it 
as his opinion that the effects of hot blast have been greatly exaggerated, and that it 
is to improvements in the preparation of fhel and ore m the farnaces, in blowing en- 
gines, and in the smelting process, far more than to the heating of the blast, that we 
must refer the great reduction in the yields of cool in recent times ; hc^ thinks that 
the comparatively large produce which has been obtained from the Scotch farnaces, is 
to be referred to the general use of carbonaceous ore, which melts at a low tempera- 
ture ; and which, from its comparative freedom from earthy matters, requires bat a 
minimum dose of limestone for Hazing. Against this opinion of an English writer on 
iron smelting we may place that recorded by an American metallurgist, Mr. Overman, 
who has written a large and in many respects a valuable treatise on the manufacture 
of iron, as conducted in America. “ The economical advantages arising from the 
application of hot blast, casting aside those cases in which cold mast will not work at 
all, are immense. The amount of fuel saved in anthracite and coke farnaces varies 
from 30 to 60 per cent. -In additi o n to this, hot blast enables ns to obtain nearly 
twice the quantity of iron within a piven time that we should realise by cold bW . 
These advantages are far more striking with respect to anthracite ooalthan in relation 
to coke or to bituminous coal. By using hard charcoal, *re can save 80 per oent of 
fael, and augment the product 50 per cent From soft charcoal we ■h*n derive bnt 
little benefit, at least where it is necessary to take the quality of the iron into con- 
sideration." 

The following tables, embodying the general results of an extended series of experi- 
ments on the relative strength and other mechanical properties of cast iron, obtained by 
the hot and cold blasts, are extracted from a report presented to the British Association 
(1837) by Me ssr s . Eaton, Hodgkinson, and William Fairbairn. 

Of the three columns of numbers, the first represents the strength or other quality 
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fa the cold blast iron, the second that in the hot, the third is the ratio of these qualities i 
the figures included in parentheses indicate the number of experiments from which 
the results have been deduoed. 


Camion Ieoh, No. 8. 

Tensile strength In lbs. pw square Inch - 
Compressive strength m lbs. per Inch, from 
torn asunder ■ ■ • ■ ■ 

Ditto, from prisms of various forms - 
Ditto, from qvlindrrs ..... 
Transverse strength from all experiments 
Power to resist impact - 

Transverse strength of bars one Inch square 
in Ibi. 

Ultimate deflection of da in inches - 
Modulus of elasticity in lbs. per square Inch - 
Specific gravity ------- 

Devon lion, No. S. 

Tensile strength ...... 

Compressive strength - . • . 

Transverse do. from experiments generally 

Power to resist Impact 

Transverse strength of bars one inch square - 
Ultimate deflection do. - . - - 

Modulus of flostldty . - • 

Specific gravity - ■ - 


16,088 (8) 


106,375 (8) 
100,681 (4) I 
- # 185.408 (18) 


476 (8) 
1*813 (3) 
17,870,500 (2) 
7,066 


Coed Talon Ikon, No. 1 
.Tensile strength - - - - 

Compressive strength - 
Specific gravity - 


Caexon I eon, No. 8. 
Tensile strength ... 
Compressive strength 
Specific gravity .... 


IZJ 

•79 (2) 
107,700 U) 
7,295 (4) 


15.855 (8) 
81,770 (4) 
GW (4) 


14,200 (8) 
lift At 2 (4) 
7,135 (1> 


Buttery Iron, No. 1. 

Tensile strength ..... 
(Compressive strength .... 
Transverse strength - 
Power to resist Impact - - - - 

Transverse strength of bars one Inch square 
Ultimate deflection da .... 
Modulus of elasticity ..... 
Specific gravity ------ 


17,466 

(1) 

93,366 

(4) 

(5) 

- 

(3) 

463 

(3) 

1*65 

(S) 

15,381,800 

(9) 

7,079 


Bot Blast. 


18,506 (8) 

108,540 (8) 
100,788 (8) 
181,685 (IS) 
- - ( 18 ) 

- - ( 9 ) 


,6 ^SS 


1'887 (8) 
5,000 ( 1 ) 


11,007% (1) 
146,435 (4) 


587 (8 
1-09 (a! 
82,473,660 (8! 
7,829 (8 


16,676 (8) 
82,739 (4) 
6,968 (4) 


17 755 (2) 
133,440 ( 8) 
7,056 <l> 


18 AM (I) 
B6A97 (4) 


1-64 (3) 
13,730,500 (2) 
6^38 



Then results contain nearlj the whole of the information afforded by the investi- 
gation. From the numbers in the tables, it will be seen that in Buffery iron No. 1 
cold blast somewhat surpasses hot blast in all the following particulars . — 1, 
direct tensile strength ; 2, compressive strength ; 3, transverse strength ; 4, power 
to resist Impact) 5, modulus of elasticity or stiffness; 6, specific gravity ; while the 
only numerical advantage possessed by tbe hot blast metal is that it bends a little 
more than the cold before it breaks. In No. 2 the advantages of the rival kinds are 
more nearly balanced, still rather in favour of the cold blast. No. 3 hot blast Carron 
iron resists both tension and compression better than cold blast of the same denomi- 
nation ; and No. 3 bot blast from the Devon works in Scotland is remarkably strong, 
while No. 3 cold blast is comparatively weak, notwithstanding itshiph specific gravity. 
On the whole it would appear from the experiments, that while the irons of No. 1 have 
been somewhat deteriorated in quality by the hot blast, those of No. 3 have been 
benefited by its mollifying powers ; while those of No. 2 have been bat very slightly af- 
fected ; and from the evidence brought forward, it is rendered highly probable that 
the introduction of a heated blast, whilst it has, perhaps, to a certain extent, injured 
the softer irons, has improved those of a harder nature ; aud considering the small 
deterioration that the irons of the quality No. 2 have sustained, and the apparent 
benefit of those of No. 3, together with the saving effected by the heated hlast, there 
seems good reason ibr the process becoming so general as it has done. 

The fallowing general summary of results, as derived from the experiments of 
Messrs. Hodgkinson and Fairbairn fin the transverse strength of hot and cold blast 
iron exhibits at one view the ultimatum of tbe whole investigation. 


MZf 
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Ratio of Strength: 
thatofOo&uDast 
being repreMBt- 
•d by 1000. 

Ratio of Fmn to 
■natal* Itmaot : 
Cold BlastMlng 
1000. 

1000 l bo-9 

1000 s 1005*1 


1000 : 2785*6 

1000 : 930*7 

1000 x 969*1 


1000 : 1934 


1000 : 925 

1000 : 818 

1000 : 875 


1000 x 1201 


1000 x 823 


1000 : 1226*3 


These irons an from Mr. Hodgfcinsmfr experi- 
ments:— 

Carron iron. No. 9 - 
Devon iron. No. 8 - 

Buffrey iron, Na 1. - - • t • 

These irons an from Mr. Fairbairn’s experi- 


Coed Talon iron, No. 2 
Coed Talon ditto, Na 3 
EUicar and Milton, ditto 
Carron ditto, Na 8 - 
Muirkirk, Na 1 


Mean 


Dr. Thompson’s chemical examination of several samples of hot and cold blast iron 
is appended to this report According to the experiments of this distinguished 
chemist iron smelted bj hot blast contains a greater proportion of iron, and a smaller 
proportion of silicon, carbon, and aluminum, than when smelted by cold air. The 
mean specific gravity of 8 specimens of Scotch cold blast iron Na 1 was 6*7034 ; the 
mean of 6 specimens of hot blast from the Carron and Clyde iron works was 7*0698, 
so that the density of cold blast iron is less thdh that of hot The mean of 6 analyses 
of cold blast iron Na l gave 3 } atoms of iron, 1 atom of carbon, silicon, and alumi- 
num; the proportion of these three constituents being very nearly 4 atoms of carbon, 
1 atom of silicon, and 1 atom of aluminum, consequently Scotch cold blast iron consists 
of 90 atoms of iron (with a little manganese), 4 atoms of carbon, 1 atom of silicon, 
and 1 atom of aluminum. The mean of 5 analyses of hot blast iron Na 1, gave 6i 
atoms of iron and manganese to 1 atom of carbon, silicon and aluminum, from which 
it would appear that cast iron smelted with a heat blast is purer than when the blast 
is cold. This however, is not the case, as the numerous analyses of both varieties 
that have been made during the last few years concur in proving. Hot blast grey 
iron smelted with mineral coal contains a much higher percentage of silicon than the 
same variety of cast iron smelted from the Bame ores by cold blast ; in other respects, 
provided the process of reduction is complete, i. e. when little or no iron passes off with 
the slag, there is very little chemical difference between the two varieties, as will be 
seen in the following table, which oontains the results of a series of analyses of hot 
and cold blast iron, which we have lately had occasion to make, under circumstances 
peculiarly favourable for instituting the comparison, the furnaces working with the 
same ores, and making the same class of iron, vis. good Na 8 grey pig. 

Analyses of Ca»t Iron Na 8 , melted by Hot Blast (Do. Noad.) 


Silicon - - - 

Graphite - - 

Sulphur 

Phosphorus - • 

Metal! 


ii. 

111. 

IV. 

V. 

VI. 

VII. 

VIII. 

Mean. 

9 

8-140 
8-100 
0-000 
0 . 42 a 
w cent. - 

8*880 

8-210 

0-070 

0-808 

2-440 

8-102 

0*000 

0-894 

8*200 

8 840 
0-072 
0-422 

8100 
8-820 
0046 
0-480 | 

8-120 

8-840 

0*072 

0-820 

-88-1 

2*260 

8-204 

0-064 

0-874 

1 

2-000 

8-290 

0-067 

0-879 


Analyses of Cast Iron Na 3, smelted by Cold Blast (Dr. Noad.) 



I. 

IL 

III. 

IV. 

V. ( 

VI. 

VII. 

VIII. 

Mm. 

Silicon ... 

J-060 

1-400 

1-029 

0-940 

.1*873 

1-486 

1-408 

1-400 

1-268 

Graph Ita - 

8-870 

8-184 

8-270 

8-140 

8-888 

8-274 

8-241 

8-197 

8-281 

Sulphur - 

0*024 

0-087 

0.045 

traces 

0*029 

0-087 

0*028 

0*024 

0-028 

Phosphorus . 

0-210 

0*814 

0-887 

0-961 

0-872 

0-872 

0-843 

0-854 

0-09 

[ " Metallic Iron per cent. - 

- - 

- 

- 

- - 

. 90-0 

i 

V 


The true reason of the frequent inferiority of hot blast iron has been correctly given 
by Mr. Blackwell. Furnaces blown with heated air exert greater reductive powef 
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Hum those fa which a cold blast Is used. This has fad, since the introduction of hot 
blast, to the extensive nse fa iron smelting of refractory ores not formerly smelted, a 
large part of which hare been ores of a class calculated to produce inferior iron, and 
it is to the nse of ores of this nature, &r more than from any deterioration in quality, 
arising from a heated blast, that this inferiority of hot blast iron is to be ascribed. 

UtauatuM qf the watte gases givey off from ike furnace head. — The agent fa the 
blast fiimaoe by which the oxide of iron is reduced, is carbonic oxide, the presence of 
which therefore in great excess is indispensable to the operation of the furnace. The 
flames rising from the tunnel head, which make a blast furnace at night such an im- 
posing object, are occasioned principally by the combustion of this gas, on coming into 
contact with the oxygen of the atmosphere f the attention of practical men was first 
called to the enormous waste of heat which this useless flame entailed by Messrs. 
Bunsen and Playfair, and the application of the gas to a useful purpose may.be ranked 
next to that of the heated blast, as the most important of the recent improvements in 
the iron manufacture. The gases evolved from iron furnaces where coal is used as 
the feel, contain the following constituents, via; nitrogen, ammonia, carbonic acid, car- 
bonic oxide , tight carburetted hydrogen, olefiant gas, carburetted hydrogen of unknown com- 
position, hydrogen, sulphuretted hydrogen, and aqueous vapour . *The nature of the 
combustible ga i stand* fa a relation so intimate to tlie changes suffered by the 
materials put into the furnace, that its different composition in the various regions of 
the furnace indicates the changes suffered by the materials introduced as they descend 
in their way to the entrance of the blast. Now as the examination of this column of 
air in its various heights in the farnace must be the key to the questions upon which 
the theory and practice of the manufacture of iron depend, it was of the first import- 
ance to subject it to a rigid examination ; this accordingly has been done by the above 
named eminent chemists, and subsequently by Ebelmen. We shall return to a consider- 
ation of the results they obtained presently, confining our attention at present to the 
composition of the gases at the mouth 0f the furnace, and to the methods which have 
been adopted to utilise them. 

In order to arrive at a knowledge of the composition of these gases, M. Bunsen 
first studied minutely the phenomena which would ensue were the furnace filled with 
fuel only : by a careful distillation of a known weight of coal, and analysing of the 
products, he obtained results embodied in the subjoined table : — 


Carbon -------- 68923 

Tar 12-230 

Water 7 569 

Light carburetted hydrogen ----- 7*021 

Carbonic oxide ------- 1*135 

Carbonic acid ------- 1-073 

Condensed hydrocarbon and olefiant gas - - 0*753 

Sulphuretted hydrogen ------ 0*549 

Hydrogen - -- -- -- - 0*499 

Ammonia - - - - - - 0*211 

Nitrogen - -- -- -- - 0*035 


100*000 


Now, fa the farnace, the oxygen introduced by the blast is consumed fa the im- 
mediate vicinity of the tuy&re, being there converted into carbonic oxide, and. the coal 
loses all its gaseous products of distillation much above the point at which its com- 
bustion commences, near in fact, the top of the furnace ; tne ftiel with which the 
blast comes into contact is therefore coke, and upon calculating the amount of car- 
bonic oxide produced by the combustion of 68*925 per cent, of carbon, and the 
nitrogen of the air expended fa the combustion, we get as the composition by volnme 
of the gases escaping from a furnace filled with Gasforth coal the following : — 

Nitrogen ... 

Carbonic oxide - ' - 

Light carburetted hydrogen 
Carbonic acid 
Condensed hydrocarbon 
Sulphuretted hydrogen - 
Hydrogen - 

Awimnnip. - - - 

100*000 


33*163 

2*527 

0*139 

0*151 

0*091 

1*431 

0*070 
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'With this preliminary information, Bunsen prooeededtocalculate the modification 
of the gaseous mixture occasioned by the introduction into the furnace of iron ore 
and limestone. The materials used for the production of 140 lbs. of pig-iron were: — 
420 lbs. calcined iron ore ; 890 lbs. coal ; 170 lbs. limestone. From 100 parte of 
the coal, 67*228 parte of coke were obtained \ bat from this most be deducted 2*68 
ashes, and 1*18 carbon entering into combination with the iron t which leaves as the 
quantity of carbon actually burnt into carbonic 6xide before the tnybre 68*868 1 part 
of this carbonic oxide undergoes oxidation into carbonic acql at the expense of the 
oxygen in the oxide of iron which it reduces j a further quantity of carbonic acid is 
derived from the limestone ; so that the gases returned to the mouth of the ftumace by 
the combustion of the 67*228 parte of ( coke, the reduction of the corresponding 
quantity of ore, and the decomposition of limestone, consist of — 

Nitrogen 282*860 

Carbonic add - - 19*482 

Carbonic oxide ------- 121*906 


464*248 


i 


T 


Add to this the products of the distillation of the coal, and we get the following as 
the per-eentage compositions by weight and measure of the gases issuing from the 
mouth of the fornace. 


Nitrogen - 
Carbonic acid 
Carbonic oxide - 
Light carburcttcd hydrogen 
Hydrogen - 
Condensed hydrocarbon 
Sulphuretted hydrogen 
Ammonia - 


By weight. 

By Tolame. 

59*559 - 

- 60*907 

12*765 - 

- 8*370 

26*006 - 

- 26846 

1*397 - 

- 2*536 

0*078 - 

- b*126 

0*108 - 

- 0*112 

0*053 - 

- 0*045 

0*054 - 

. 0*050 

100*000 

100-000 


The calculations of the quantity of heat capable of being realised in the furnace by 
the combustion of the fornace gases are founded on the data on the heat of combustion 
given in tbe posthumous papers of Dalong, according to which — 

1 kilogramme or 15,444 grains of 

Carbon bnraing to CO, beats 1 5,444 grains of water to 1 499°C 


“ CO* 7371° 

Carbonic oxide ------- 2502° 

Hydrogen 34706° 

Light carburetted hydrogen *- .... 18469° 

Olefiant gas- ------- 12322° 

Sulphuretted hydrogen - - 4476° 

Ammonia - -- -- -- - 6060° 

Using these numbers it is found that by the combustion of 100 of the fornace gases 

there are generated from the 

59*659 nitrogen ------- 0000 

12*765 carbonic acid ...... 0000 

26*006 carbonic oxide ------ 65067 

1*397 carburetted hydrogen ..... 18826 

0*078 hydrogen 2704 

0*108 olefiant gas ...... 1881 

0*058 sulphuretted hydrogen .... 238 

0*034 ammonia 208 


88374- 

units of beat generated, the « out being understood to mean the amount of heat neces- 
sary to raise 1 kilogramme -2 *204 lbs.- 15444 grains of water from 0° centigrade, to 
1° cent The amount of heat realized in the furnace is limited to that produced by 
the expenditure of the oxygen; corresponding to 59*559nitrogen in the* production of 
carbonic oxide s this amounts to 20001 unite : hence follows the remarkable conclusion, 
that in the fornace which was the sutject of experiment, not less than 81*54 per cent. 
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of tbe ftol if lo«t in the form of oarimstiMe matter (till fit, for we, and that only 
18*46 per cent of the 'whole fuel if realised in carrying out the processes in the 
furnace. 

The temperatnre which should be produced by the flame of the fhmaoe gases when 
burnt with air, is found by dividing the units of heat, vis. 888*74 arising from the 
combustion of 1 kilogramme of the gases by the number resulting when the quantity 
of the products of combustion is fiultipliqp by their specifio heat (1*9888 x 0*2696$: 
we thus get the number 8083°F. ; but this is below the truth, inasmuch as there is an 
accession of combustible gases at the mouth of the furnace, arising from the decompo- 
sition of the liquid products of the distillation of the coal in its passage over the red 
hot foeL Making proper correction for tlys, and using numbers derived from actual 
experiments, Messrs. Bunsen and Playfoir calculated the temperature of the gases 
when generated under favourable conditions at 8214° F., and even this may be in- 
creased to 8632g F., a temperature for above that of cast iron, by the using a blast 
sufficiently heated. In utilising these waste gases, care must be taken not to remove 
them from the furnace till they really are waste, that is, until they have done their 
work in the fomace; it is obvious that no combustible matter could be removed from 
the lower regions of the fomace without seriously deranging the operations essential 
to the reduction and smelting of the ore. In order to remove *the gases effectually, 
and without injury to the working of the furnace, and in such a state as will permit 
their combustion to be effected with most advantage, the height of the fomace must 
be raised, the foil width of the mouth being retained, and the gases must be withdrawn 
sufficiently for below the mouth for them to be obtained dry, and also beneath the 
point where they begin to enter into combustion from contact with the atmospherio 
air. 



Various modes of collecting the gases have been tried \ the best seems to be that 
adopted at Ebbw Vale, Sirbowy, and Cwm Celyn. A fonnel-ahaped casting, equal in 
its hugest diameter to the throat of the furnace, projects into the interior a depth of 
4 or 5foet$ the orifice at the bottom, from 8 to 8 feet m diameter, is closed by aconical 
casting, the apex upwards, from which a chain proceeds to a lever having a counter- 
poise at the other end. (8ee/rp. 1000.) The materials are filled into the funnel-shaped 
receptacle, and are charged into the fomace with a uniform distribution, by lowering 
tbe cone by means of suitable machinery, which again returns it to its place when 
emptied* The circular space around the fonnel, inside the foraaoe, forms a chamber 
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for the reception of the g&fcet, from which they pn conveyed by brick tunnels or inn 
piping to the place of combustion. The whole arrangement will be clearly understood 



by an inspection of the accompanying plans, Ftps. 1005, 1006. 1007, 1008 f 1009, kindly 
furnished to the writer by the proprietor of the Cwm Celvn and Blaina Iron 'Works. 

Fig. 1007 shows the plan of extracting the gases which is adopted at the Brymbo 
Iron Works, near Wrexham, the same being the patent of C. E. Darby. 

It consists of a large pipe or tube inserted into the middle of the top part of the 
fhmace, which descends a short distance down into the materials, and is carried over 
the top of the ride of the furnace in the form of a syphon, a continuation of which 
pipe is taken to the boilers, or hot air stores, where toe gas is burned in toe usual 
way. The principal adrantage claimed by this method, is that it pats no check on 
toe free escape of the gases, by which the driving of toe faraace is impeded, and the 
quality of the iron deteriorated. The patentee estimates* the saving of fhd with two 
furnaces making 240 tons of iron per week, bv applying the gas to the blast engine 
boilers and hot air stoves, st 12004 a year. Thm*: — Consumption of Itae 1 at engine 
and stores equal to 7 cwts. of good coal per ton of iron, made at 3} parent, is 2«. 0j£, 
say ,2s. per ton on 12,480 tons, or 12484 

The caoies of derangement in the working of blast furnaces when the gasej, are 
drawn off to be utilised elsewhere, hare been diligently studied by Mr. George FIutt, 
of Ebbw Yale $ and he has kindly furnished ns with the following remind of his ob- 
nervations, for insertion in this article. 
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|or}«nIjof the gas escaped into the open air, tbe rat pasting Into the annular 
chamber ; tad whan this state of things vu continued, those troublfaome adhesions 
of masses of semifased materials above and around the boshes, technically termed 
•» scaffolds,” occurred, with the usual accompaniment* of black cinder and inferior 
iron. It is evident that when the tube was kept full of minerals, the contents acted as 
a loose stopper to the current of hot gases forced np by pressure from beneath, and 
diverted them towards the annular space where there waa no such resistance, thus 
leaving the minerals in the central parts or the fhraaec insufficiently supplied with the 
upwara current, and consequently with heat; the minerals, on the other hand, sur- 
rounding this odd central cone, were supplied with more than their usual quantity of 
heat, as was evidenced by the horning of tnyfcres, and by the destruction of the 
brickwork in their neighbourhood. In this state of things, the ores in the external 
portions of the furnace would become reduced and converted into grey metal ; while 
those in the central portion would, according to the degree of deviation of the 
ascending current of heated gases tram them, descend to the point of fasion either 
thorougluy deoxidised, and slightly carbonised, or possibly with a portion still in the 
state of oxide, and mixing there with the properly reduced ores, enter into fusion with 
them, producing a mixture of irons which must necessarily prove of inferior quality, 
and a black cinder from the unreduced oxides. When tbj iron tnbe In* the throat of 
the furnace was kept only partially filled with minerals, much iroVe gas escaped into 
riie open air, as might have been expected, and consequently more traversed the 
central parts of the farnace ; and it was always observed that when that mode of filling 
was adopted, the furnace worked much better : but then the object, vis. that of eco- 
nomising the gases, was not attained. Differently formed furnaces were found to be 
disturbed in different degrees by this system of drawing off the gases: the old conical 
narrow topped furnaces were affected very mnch less than the improved modem 
domed top furnace of large capacity, from which all attempts to take off any useful 
portion of the gases proved absolute ruin. It iqight be nrgned, that as tbe same 
quantity of blast and fuel were used as heretofore, the ascending current of heated 
gases ought to produce the same deoxidising and carbonising effect on the superin- 
cumbent mass, whatever direction they might take in making their escape at the 
upper region of the fernaee ; for if the central part should not have been sufficiently 
acted upon, the external annulus would have more than its usual share of chemical 
influences. But when it is considered that iron is only capable of taking up a certain 
quantity of carbon, and no more, it follows that after having received this dose, its 
farther exposure in the external parts of the furnace where the heated gases abound 
can do nothing towards supplying the deficiency of carbon in the metal redneed in 
the central part. From these considerations it became evident, that no system of 
drawing off the gases around the sides, whether by the insertion of an iron tube into 
the throat, or by lateral openings through the walls into a chamber surrounding tbe 
top of the farnace, can be adopted without more or less injury to its action ; and that 
the only unobjectionable mode wonld be to take the gases from a chamber above the 
surface of the minerals, thus equalising tbe pressure on the whole sectional area at 
the month, and thereby allowing an equallyrfree flow for the ascending current np 
the middle, as well as up the sides of the furnace. By this method the whole of the 
waste gases would become utilised, instead of a portion only, and the farnace would 
be restored to its original state, inasmuch as the direction of the flow of heated gases 
would not be interfered with by unequal resistance. To form this chamber, tbe fur- 
nace must be covered in, and fed through a hopper, a plan Iona adopted at the Codner 
Park Iron Works, with the supposed advantage of scattering the minerals around the 
sides of the farnace, and preventing their accumulating in the centre ; a conical charger 
of this description, but fixed in the throat of the blast farnace, was in use at tbo 
Cyfartha Works more than half a century ago, the minerals being thrown by 
baskets to the centre of the cone, and allowed to roll down to the tides of the farnace, 
thus giving a cup form to the surface of the minerals, tbe larger lumps of course 
rolling to the centre, and affording a freer passage in that direction for the upward 
current. It was not, however; until January, 1851, that a trial was made, at the 
Ebbw Yale Works, of an apparatus of this description for collecting the gases. It 
was then supplied to one of the old farms of conical farnace with a narrow top, and 
the trial proved eminently sucoemfal, the farnace prodncing"any quantity of iron re- 
quired according to the burden, as usual Several other furnaces were similarly fur- 
nished in and around the neighbourhood, and it was now thought that the principle of 
taking off the gases from a chamber above the surface of the minerals, together with 
the conical mode of charging, were the only indispensable conditions to suoeess far ill 
farnscss \ and some even which were orjginmlly built too narrow at the mouth, weri 
actually improved by the new method of charging, which did not allow of the sur- 
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faces of the minerals rising higher than about 6 feet from the top ;tbus giving to the 
fornaee a diminished height, and aa a conaeqnenee of its conical shape a wider 
month. Farther experience, however, demonetrated the fallacy of thia general con- 
clusion. 

A large domed furnace was tarnished with the same kind of charging apparatus 
which proved so successful in former instances, bat to the astonishment of all it 
turned oat a complete failure, the same derangements occurring as in the former 
coses, where a portion of the gases onlySras collected, by sinking a tube into the 
throat Now this furnace could not be filled to within 6 or 7 feet of the top, and at 
that depth the diameter was 13 ft 6 in., owing to the sharp sweep of the dome s the 
actual working furnace was therefore 87 feet high, instead of 44 feet, with a mouth 
18 ft 6 in., instead of 8 ft ; and as tfie minerals cannot lie so dose against the 
smooth sides of the walls as they do locked in each other in the more central region 
of the furnace^ a much freer discharge of the gases up the sides must take place ; and 
on boring a hole through the side of the fornaee, in the neighbourhood of the boshes, 
it was found that 2 feet in, the coke and other minerals were at a white heat, but a 
little forther on towards the centre, lumps of black biasing coal were found, with 
ironstone which had not even attained a red heat The charging apparatus was now 
raised with the furnace 5 fret, and the minerals drawn np aa inclined plane to the 
charging cap, thfls enabling it to be kept foil to within a short distance of the old 
mouth, after which the furnace worked as usual That diminiahed height waa not 
the cause of the bad working of the furnace was afterwards proved, the furnace having 
been blown oat for repairs, and re-lined with brickwork, giving it that form and pro- 
portion deemed necessary, from the experience gained ; the height being now only 
37 feet instead of 44, and the diameter of the month 7 ft. 6 im, or one half of that at 
the boshes. The same charging apparatus which failed before, mounted 6 feet above 
the month, was used, and the furnace has now been working uninterruptedly for 5 
years, turning out as much as leOjtons of grey pig iron per week, or when burdened 
for white iron, 200 tons ; economising the whole of its gas, and as much under the 
control of the manager as any furnace, either closed top or open top, can reasonably be 
expected to be. It is clear, therefore, that the covering of the top has nothing whatever 
to do with the action of a furnace kept tall to the month, and having the proper form 
and proportions from that point downwards. The month must be understood to be 
that part of the furnace which represents the mean height of the surface of the 
minerals, and not the top of the masonry, and the question arises, what proportion 
should that bear in diameter to the boshes or widest part, and what the latter should 
be with reference to height in order to secure a maximum economical effect on the 
quality of the iron made, and on the yield of fuel This state of perfection can exist 
only when the isothermal lines in the furnace arc parallel to the horizon. The tem- 
perature of the minerals at any given height above the tuyeres being the same through 
the whole horizontal sectional area at that height, and consequently arriving at the 
zone of fusion in an equally prepared state. If the mouth of the furnace be too wide, 
the heated gases have a greater tendency to pass np the sides than through the centre, 
thus destroying the horizontally of thejines of equal temperature, and giving them 
a curved form with the convex side downwards ; hence ores at different temperatures, 
and of various stages of preparation, will occupy any piven horizontal sectional area 
of the furnace ; these descending together and mixing in the zone of fusion, will pro- 
duce evils in proportion to the extent of the deflection of the curves from a horizontal 
line. On the contrary, if the month of the furnace be too narrow in proportion to 
the other parts, we may expect an undue portion of the gases to pass np the centre, 
leaving the minerals around the sides comparatively unacted upon. It is easy to see 
that evils of the same kind as before must exist here, the isothermal lines becoming 
now concave downwards, instead of convex, giving as before, through any horizontal 
section of the tarnaoe, ores at various temperatures, and at different degrees of deoxi- 
dation or carburation, according to the depth which they may have attained in the 
farnace. There are several instances of furnaces originally built with too narrow 
tops, being greatly improved by widening them ; this may conveniently be done by 
feeding them through a conical charger, which by lowering the surface or the minerals 
virtually increases Ike width of the month : on the other hand , furnaces having the 
opposite defect of being too wide at the top, may be benefited to some extent, provided 
the walls are nearly perpendicular, or do not widen too rapidly downwards, by em- 
ploying as large a cone as it impossible to work in the throat ; for by the nse of this 
feeder, the minerals most fall close to the sides, and the laiper lumps roll to the axis 
of the furnace, and so fkeilitate the passage of the gases in that direction, besides 
giving to the surface a concave or cap form, and consequently a diminished height 
and resistance to the upward current in the middle. This principle of improving the 
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charging of sash defective foresees 2s even carried oat to some extent in fading open 
top furnaces where the gases are wasted. The dialling plate is so placed os to 
prevent the nose of the harrow from projecting any distance into the forasoei the 
minerals being thus discharged close to the edge, the larger lamps have a tendency to 
roll over towards the centre, leaving the smaller at the ring walls, to check the up- 
ward current in that direction. 

The above considerations will materi ally. assist iif furnishing an answer to the oft 
repeated and very important question, M Wnat form and proportions should a blast 
foraoce have to produce the best results in quality of iron, and m economy of foel, 
whether worked on the open top principle, or enclosed for the porpoee of utilising the 
waste gases?" Experience has proved that Ci when the mouth of the foraoce is one 
half the diameter of the widest part, good work is obtained, and that any devia- 
tion from that proprortion; if in excess, has been productive of great derangement 
in its action. The height of the foraoce should also bear a certain proportion 
to the greatest diameter, in order to secure an uniform flow of the ascending current 
through all its ports ; for if the widest part bear too great a relation to the height, 
the boshes must necessarily be of a low angle, and consequently the minerals 
around the sides near their top be at too great a distance out of the direct line of pas- 
sage of the ascending Current, and consequently remain only partially prepared for 
fosion. 

The proportions recommended by Mr. Parry, and which have been practically 
tested most satisfactorily in several instances, are as shown in Jiff. 1011. The mouth 
ft* ft' one half the diameter of the widest parte c, and this should 1011 

not be at a less depth than its own diameter. The sides of 
the fornaoe to this depth should be formed slightly dome- 
fashioned, for the purpose of giving to that region a larger 
capacity than would be obtained by a conical form. The 
radius of the curve should be at right angles to* the axis of 
the fornace, and formed by a prolongation of the line repre- 
senting the greatest diameter. When the radius is set at a 
great angle with this line, which is often done to give gr ater 
capacity to the domed part, the distortion produced by the 
sharpness of the curve may leave a segment of the minerals 
unacted upon by the gases in their passage to the month, and 
entail greater evils than would be compensated for by in ere sed 
capacity. The curve is continued below the widest part of 
the furnace till it meets the top of the boshes d d, the angle 
of which should not be less than 70°, and start from the 
point of the tuyeres //. The depth also from the widest 
part to the tuyeres should not be less than its own diameter 
phu half the diameter of the tnydres. These proportions give 
a blast fornace, of any determinate height fixed upon, the 
largest possible capacity it is capable of receiving, while re- 
maining free from any distortion of form, Kkely to give a place for minerals to 
lie out of the way of the action of the upward gaseous current j when the height 
exceeds the proportion to its greatest diameter indicated in the figure, an unnecessary 
sacrifice in its capacity is the only loss entailed. The height above the modth must 
be regulated by the kind of hopper used for charging, where it is intended to carry off 
the gases. 

Doubtless when the true principle of collecting these gases without injury to the 
blast furnace becomes more generally known, attention will be directed to the 
easiest and most convenient mode of introducing the minerals. The conical charger 
has only one disadvantage, that namely of allowing a great waste of gas during the 
charging j probably some kind of revolving hopjjer may be contrived to remedy this 
defect, it is of course assumed that the furnace is supplied with a proper quantity of 
blast, and of a density proportionable to the diameter across the tuyftres, so as to 
maintain a vigorous combustion of the foel to the very centre of the hearth, the top 
of which is indicated by the letters i e, for unless this is attained, a cold cone of 
minerals will remain in the oentre, and produce derangements which no degree of 
perfection in the form of the fornace in the higher region can remove. 

Theory qf Ae blast /knace. — Analyses of the gases, from a fornace at Alfreton in 
Derbyshire, at various depths below the surftce, nave to Messrs. Bunsen and Playfitir 
the results embodied in the subjoined table. The fornaoe was supplied with 80 
charges in the coarse of 84 hours, each charge consisting of 890 lbs. of cool, 480 lbs. 
of calcined ironstone, and 170 lbs. of limestone, the product being 140 lbs. of pig iron.- 
The gases were collected through a sys tem of tubes of malleable iron, 1 inch in 
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diameter, and wen veoeiTed hi glaaa tabes 4 inches long, and | of an inch in diameter. 
The well known skill of M. Bunsen as a gas analyst is a guarantee of the accuracy 
of the determinations. 


Composition qf Ike Gaeee taken from different depika in As Furnace. 



l L 

IL 

1IL 

IV. 

V. 

VI. 

VIL 

VIIL 

l 1X * 


fift. 

in 

lift. 

14 ft. 

17 ft. 

90 ft. 


94 ft. 

34 ft. 

Nitrogen 

aifi 

64*77 

58-57* 

50/ 5 

66*49 

60-46 

68*88 

66*76 

56-06 


7*77 

9*4S 

941 

9*10 

18-43 

10*88 

8*19 

10*08 

00* 


am 

90*84 

83-16 

19*3 

18*77 

J9-48 

99*97 

86*19 

37*48 

EmSiai 

8*75 

8*88 

4-57 

6-C4 


4*40 

1*64 

9-88 

0-00 

Hydrogen 

6*78 

6-49 

9-88 

19-48 


4 88 

4*99 

5*66 

8*18 

Olefiant gas - 

0-48 

0*86 

0-95 

1*67 


O' 00 

0*00 


(H)0 

Cyanogen - 

0*00 

0-00 

o-oo 

0-00 

mm 

0-00 

trace 

trace 

1*8* 


From these analyses it appears : — 

1. That at a depth of 34 feet from the top, within 2 feet 9 inches of the tuydre, the 
gas was entirely free from carbonic acid, bat contained an appreciable quantity of 
cyanogen. 

2. That the nitrogen is at a minimum at 14 feet 

8. That carbnretted hydrogen is found so low as 24 feet, indicating that at that 
depth, coal most be undergoing the process of coking. 

4. That hydrogen and defiant gases are at a maximum at 14 feet 

5. That the proportions between the carbonic acid and carbonic oxide are irre- 
gular, which is probably to be explained by the fact that water is decomposed as its 
vapour passes through the layers of hot coed. 

The average composition of the gases evolved from the materials used in the blatf 
furnace is somewhere between the two following numbers : — 


Nitrogen - 

60*907 


57*878 

Carbonic acid • 

8*370 


9*823 

Carbonic oxide - 

26*846 


24*042 

Light carburetted hydrogen - 

2*536 


2*743 

Hydrogen - 

1126 


4*972 

Olefiant gas 

0*112 


0*392 

Sulphuretted hydrogen - 

0*045 

- 

0*035 

Ammonia ----- 

0*058 

- 

0*115 

• 

1 00*000 


100*000 


The proportion of nitrogen to oxygen as an average deduced from these analyses 
is 79*2 to 27. The product of the combustion of coal gives tho same proportions as 
those existing in atmospheric air, vis. 79*2 : 20*08. The excess of oxygen must 
therefore depend upon the carbonic acid of the limestone, and the oxygen of the ore 
given to carbon daring the process of reduction. Now, as at a depth of 24 feet the 
gas collected contained 27*6 and 26 5 oxygen to 79*2 nitrogen, it is held that at this 
depth the gas must already have accumulated all the oxygen of the ore, and the car- 
bonic acid of the limestone; and the conclusion is drawn that in hot blast furnaces fed 
with coal, the reduction of the iron and the expulsion of the carbonic acid from the 
limestone takes place in the boshes of the fhrnace. The exact region of the furnace 
in which the melting of the iron and the formation of slag are effected is not exactly 
defined, but it is assumed that the point of fesion is at the top of the hearth. The 
region of reduction in a Jhrnace smelting with coal must be much lower than when the 
feel is coke or charcoal, because' a large portion of the body of the femace must be 
taken up in the process of coking, and the temperature is thereby so depressed; that 
h is sufficient neither for the reduction of the ore, nor tor the expulsion of carbonic 
acid from the limestone. 

The mean general results obtained by M. Ebelmen from a charcoal fernaoe at 1 
tllerval are given below. The methods of analysis adopted by this chemist were 
altogether different from those employed by Messrs. Bunsen and Playfeir. For 
details we refer to his memoir in the Annalee dee Mines, voL xix. p. 89, 1861. 
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Ko. of saalytis 

I. 

11 . 

in 

IV. 

n 

VI. 

VII. 

Depth Mow mouth 

8 ft. Sin. 

8 ft. Sin. 

Oft. Sin. 

9 ft. Din. 

19 ft. Sin. 

19 ft. Sin. 

97 ft. 

Tymp. 

Carbonic add- 
Carbonlc ox Ido 
Hydrogen 

Carbu rotted hydro- 
gen 

Nitrogen 

■rag 

m 

Ba 

BES 

4*14 

81*66 

8*04 

024 

00*98 

4*98 
81*84 . 
9*77 ' 

0*77 

00*89 

0*49 

85*05 

1-06 

0*86 

68*04 

0*07 

85*47 

1-00 

031 

68*06 

6*00 

87*55 

1*18 

0*10 

61*99 

0*98 

au-Dfl 

0*79 

0*95 

M*I 7 

Totals 

100*00 

100*00 

100*00 

100*00 

100*00 

100*00 

100*00 

10000 

Oxygen, per 100 ni- 
trogen - 

48*5 

40*8 

8 t *7 

* 89-7 

m 

91*9 

80*7 

Sft -8 

Carbon vapour, per 
100 nitrogen - 

o 

81*7 

99*6 

99*6 

98*5 

98*5 

19 

■ 


L Oaa taken a short time after the introduction of the charge : II. the same 
taken a quarter of an jjionr after charging : I1L gas collected through a cast-iron 
tube four inches in diameter ; it rushed oat with a noise and gavd a sheet of flame, 
carrying with it particles of charcoal and dost : IV. gas collected by boring the 
masonry; it rushed out violently, burning with a blue coloured flame: V. the 
same taken an hour after : VL gas collected by boring the masonry at the back of 
the fbrnuce about 3J feet above the tuydre ; it burnt with a white flame, giving off 
fumes of oxide of sine ; it was collected through porcelain tubes : VII. gas collected 
through gun-barrels lined with porcelain; it was evolved with sufficient force to 
project scoria and even cast-iron. 

The fhraace was working with cold blast under v a pressure of ‘44 inch of mercury. 
The charges hod the following composition : — Charcoal, 253 lbs. ; minerals (various), 
397 lbs. ; limestone, 254 lbs. Thirty- two charges were driven in twenty-four hours ; 
the furnace was stopped after every twenty charges ; the produce being 8970 lbs. of 
black cast-iron ; the daily yield being about 6175 lbs. 

The experiments show that while the carbonic acid progressively diminishes down- 
wards, the carbonic oxide progressively increases, the former altogether disappearing 
at a depth of 27 feet. On examining the numbers representing the oxygen and 
carbon referred to 100 nitrogen, it is seen that they diminish progressively to a depth 
of 19 feet, the oxygen combined varying from 42*5 to 28-2. The proportion of 
carbon in the same sone rises from 28*5 to 32*8 ; a result brought about as much fly 
the carbonic acid disengaged from the minerals as from the giiseous products of the 
distillation of the charcoal. It is seen that the reduction of the mineral is already 
considerably advanced at the depth of 19$ feet; and this, so to speak, without any 
consumption of charcoal, but through the conversion of carbonic acid into carbonic 
oxide. The hydrogen decreases as the carbonic oxide increases ; showing that this 
gas exercises no influence in the redaction of ( the ore. 

The results obtained by M. Ebelmen from a coke furnace at Seraing were as 
under: — 

i 


No. of experiment - 

I. 

II. 

I1L 

IV. 

V. 

VL 

Depth - - - - - 

1 ft. 

l ft. 

4 ft. 

9 ft. 

10 ft. 

10 ft. 

19 ft. 

45 ft. 

Carbonic add . 

Carl onto oxide - 

Hydrogen .... 

Carburet ted hydrogen - 
Nitrogen ----- 

11*89 

98*61 

9*71 

o-.o 

57*00 

11*89 

9 8*95 
3*04 

*50*04 

9*85 

98*06 

0*97 

1*4B 

59*64 

m 

1*08 

85*9 

179 

0*88 

61*07 

1*13 

85*85 

9-08 

(K9 

61*15 

010 

3G-30 

9*01 

0*95 

01*34 

0-00 
45-05 
0-95 
007 
54 G3 

Totals - - - - 

100*00 

100*00 

100*00 

100*0!) 

100-00 

100*00 

100*00 

100 00 

Oxygen, per 100 nitrogen 

45*0 

45*6 

40*0 

90*6 

802 

80*6 

m 

41*9 


a 

35*7 

j 

99*4 

»■? j 

80*0 


41*3 


L Gas obtained by plunging an iron tube, three centimetres in diameter, about 
one foot into the furnace : II. the same; the gas burnt spontaneously : IV. two 
consecutive analyses of the same gas : V. the gas was collected try an iron tube : 

' VL gas collected by piercing the masonry two feet above the tuyfcres ; the gai watf- 
accompanied by fames of eyanide of potassium, bat no cyanogen could be detached. 

The flirnsce was 50 fret high j the air was supplied through two tny&res, and was 
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heated to 218° i it was driven at the rate of 26,840 gallons per minute under apmsore 
of *5 of mercury. The charges were composed of, imroasted minerals, 1484 lbs.) 
forge cinders, 1484 lbs. s limestone, 948 lbs. ; coke, 1765 lbs. The metal was ran 
every twelve honrs, and 17,500 lbs. of white crystalline cast-iron obtained, which was 
run on thin plates and taken directly to the paddling-furnace. The yield of the 
mineral was 42 per cent, and tbs consumption of coke 1500 per 1000 of cast-iron, 
rising from 1800 to 2000 per 1000 of iron When the furnace was working for foundry 
iron. * 

The analyses show a rapid diminution of carbonic acid, and indicate that in the 
upper regions of the fornace an energetic reduction of ore takes place by the oxide 
of carbon under the influence of the high temperature of the ascending gases. 
Between one and nine feet the limestone is calcined. The reduction of the ore takes 
place at this region by the conversion of carbonic oxide into carbonic acid, without 
change of volatile and without consumption of carbon. The increase in the hydrogen 
is too small to induce a supposition that aqueous vapour in decomposing can dissolve 
any notable quantity of carbon. The gases collected at a depth of about 12 feet 
represent about the mean composition of the gaseous mixture ; from that point to a 
depth of 45 feet, two-thinjp of the total height of the furngce, the gases do not 
sensibly vary, andUare composed almost entirely of carbonic oxide and xutrogen. At 
12 feet the oxygen is to the nitrogen as 29*9 to 100 ; in atmospheric air it u as 26*3 
to 100. The difference, 8*6, represents the oxygen arising from the reduction of the 
silicates of iron constituting the forge cinders, which thus is seen to take place 
between the tuyfere and a depth of 12 feet These silicates are well known to be 
decomposed with difficulty, but they are reduced at the high temperature prevailing 
in that sone of the furnace, and their reduction gives rise to a corresponding quantity 
of carbonic oxide, to a consumption of fuel, and to a considerable absorption of latent 
heat The other minerals are reduced higher up in the furnace, and this is common 
to all coke fornaces, being due to ’the high temperature of the ascending gases, a 
temperature much higher than exists in charcoal fornaces, a flu* larger quantity of 
combustible being consumed. Hence it is that forge cinders can be successfully used 
in coke furnaces; while in charcoal furnaces the introduction of small quantities 
only alters the working of the furnace, makes the iron white , and corrodes rapidly 
the walls of the furnace iu consequence of the imperfect reduction. 

From hiB eudiometric experiments on the gases from coke and charcoal fhrnaces, 
Ebelmen deduces the following conclusions: — 

1. That the amount of carburetted hydrogen is too small to exercise any influence 
oveg the chemical phenomena of the furnace. 

H That the atmospheric air thrown into the furnace by the tuy&re produces suc- 
cessively carbonic acid and carbonic oxide, at a small distance from the opening. 
The first of these reactions gives rise to on exceedingly high temperature-; the second, 
on the contrary, causes a great absorption of latent heat, and a corresponding lower- 
ing of the temperature of the gaseous current The limits of the zone of fusion bears 
relation to the space in which the transformation of carbonic acid into carbonic oxide 
takes place, 

3. That the ascending current consisting of carbonic oxide and nitrogen, with a 
little hydoogen, produces in ascending two distinct effects: it communicates one 
part of its sensible heat to the materials of the descending column ; it becomes charged 
with all the volatile products disengaged at different heights, and it redaces the oxide 
of iron to the metallic state. Sometimes this transformation gives rise to an increase 
in the quantity of carbonic oxide ; sometimes, on the contrary, it effects the conversion 
of carbonic oxide into carbonic acid without change of volume, and without com- 
bustion of foel. Whenever the redaction of oxide of iron takes place with the 
production of carbonic oxide, there is a consumption of feel, and an absorption of 
latent heat It is essential, therefore, to the good working of the fornace, that the 
minerals should arrive completely reduced to that part where the temperature is suf- 
ficiently elevated for the conversion of carbonic acid into corbonio oxide by contact 
with carbon ; this condition is nearly always realised when the oxide of iron is in a 
free state in the mineral. The redaction of the oxide when in combination with 
silica requires, on the other hand, a high temperature, and it can only take place in 
that aone of the fornace where the carbonic acid has completely disappeared. 

4. That the sone where carbolic oxide exists alone is much more extended in coke 
than in charcoal fhrnaces; and is nearer the month in the former than in the latter t 
it fells lower, however, in the cylinder with hot blast; the quantity of heat remaining 


That the volatile pseourmfdters from the distillation of the charcoal pane into 
the escape gates, and exert no influence on the reduction of the minerals. 

The mutual relation of the carbonic acid and carbonic oxide, which is observable 
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In the analyses of Ebehnen, is not found in those of Bunsen and Plsyfirir; this is at- 
tributed by Ebehnen to the eirenmstanoe that the litter ebemists collected their fMes 
through narrow iron tribes, which, becoming intensely heated and partially choked 
by the fragments of ore and foel introduced by the rapid stream of gas, so modified 
the composition of the gases, that the analysis, however carefully conducted, oobld not 
represent aoenrately their real composition. Ebslmen collected his gases through 
wide tubes, and from the lower parts of tbb fornace, by piercing the solid masoniy. 
It is obvious, however, that none but very general conclusions cftn be drawn from the 
analysis of the fornace gases, in whatever way they may be collected, for their 'com- 
position cannot be the same under all circumstances, the nature of the foel, the pres- 
sure of the blast, and (as Mr. Parry's experiments prove) the shape of fog fornace 
itself; must each exert an influence in modifying the circumstances which affect their 
composition. Although, therefore, it is impossible to fix the precise region of the furnace 
where the reduction of the oxide of iron brains to take place, that is! to define pre- 
cisely foe limits of the u zone of reduction, we may in considering foe theory of foe 
production of crude iron divide the furnace into four zones. 1. The zone of reduc- 
tions 2. The zone of carburation ; 3. The zone of fusion : 4. The zone of oxidation. 
The zone of reduction will vary in extent, according as jhe fornace is a working with 
coal or with coke ; with hot blast or with cold. The zone of carbcuration commences 
just below foe top of the bosses, the reduced metal in a soft and malleable state here 
acquires carbon, its rapid sinking being retarded by foe contraction which foe aides 
of the furnace begins to undergo from this point downwards. As foe carbonised 
metal passes through foe zone of fosion it melts, together with foe earthy matters 
which serve to protect it from foe oxidising effects of foe fourth zone, that of oxida- 
tion, through which it passes in its passage to the crucible. If the temperature of 
foe zones or fosion and oxidation be not much higher than the melting point of spe- 
cular iron, the metal in foe crucible will be white, with little or no graphite; and if 
foe iron remain sufficiently long in the zone of fcarburation to take np foe maximum 
quantity of carbon, it will be bright iron. The redaction of silicon appears to take 
place at abont the melting temperature of specular iron: it exists therefore in small 
quantity in white iron, and in greatest abundance in foe grey iron smelted from re- 
fractory ores, which require a high temperature. 

The proportion of carbonic acid in the gases obtained from different heights in a 
fornace, has been studied by MM E. Montefiore Levi and Dr. Emil Schmidt (Zeit- 
achrift dea Oaten Ingenieuroeremea, 1852). They foond that the zone from which this 
gas is entirely absent is of very limited extent, for although it is not met with at a 
height of 8 feet from the tnyfere, it exists at 9 feet to the extent of 4 a 78 per cent, 
above which point it diminishes np to 15 feet, where it is 0. From this point it 
again increases, amounting at a height of 30 feet to 3*5 per cent It then gradually 
diminishes, until, at a point from 87 to 39 feet above the tnydre, it amounts to only 
1*69 or 1*91 per cent ; after which it goes on increasing with rapidity and regularity 
up to the fornace mouth. The carbonic acid existing in the fornace gases between 
15 and 30 feet is referred by these chemists r to the decomposition of foe limestone used 
as a flax ; and its gradual diminution above this point indicates a reaction of consi- 
derable importance, that namely of foe carbonic acid upon foe ignited coke carbon 
being taken np and carbonic oxide formed. Now, the quantity of carbon taken np by 
275 parts of carbonic acid to convert it into carbonic oxiie, amounts to 75 parts, and as 
in foe fhrnace experimented with, 20,000 kilogrammes of limestone, containing about 
8000 kilogrammes of carbonic acid were consumed every 24 hoars, a Ions of foel 
equivalent to 2173 kilogrammes of carbon was daily occasioned by foe conversion of 
this carbonic acid into oarbonie oxide, and this may be considered equivalent to 2500 
kilogrammes of coke with 11 per cent of ash. The beat absorbed by foe conversion 
of foe carbonic acid of the limestone into a gaseous state is found by calculation, 
taking the specific heat of carbonic acid at 0*22, and foe heating power of coke at 
6000, to be equivalent to that developed by foe combustion of 322 kilogrammes of 
coke. Now it was demonstrated by Dulong that the anantity of heat disengaged in 
foe conversion of carbon into carbonic oxide is much leaa than that disengaged in foe 
conversion of oarbonio oxide into carbonic acid, although foe same quantity of oxygen 
is required in both cases. The conversion of oarbonio add into carbonic oxide by 
passing over ignited carbon, is essentially a twofold action j a combination of carbon 
with oxygen, and adeeemposition of carbonic acid into carbonic oxide and oxygen : foe 
former is aoeompeoied by development, foe latter by absorption of beat ; foe latter 
preponderates to snob an extent as to indicate a loss of temperature equivalent to the 
heat developed by foe combustion of 1609 kilogrammes of coke. t 

These considerations led the authors to employ bnrnt lime in working blast fhrnacea, 
and thus to obviate the loss of heat : the results were not at first satisfactory, foe 
management of foe ftumaoe being very difficult, and foe slags black and pasty j but 
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subsequently the working wis tegular and good, and the saving of ooke and the in* 
crease of production are stated to have been very evident) moreover the raw iron was 
of better quality, and all the interior parts of the furnace, especially the tymp stone, 
remained in a much better state of preservation than when limestone was used. The 
following table shows the quantity of coke consumed for every 100 kilogrammes of 
raw iron, and the production during six months. The figures in the first column refer 
to the furnace, in which limestone jklone was used ; the second column to the same 
furnace, in which burnt lime alone was used ; and the third column to the furnace 
in which limestone was used for three months, and burnt lime for the next three 
months. 





Quantity of Coka 4n kilogramme* 
consumed for every 100 kilogramme* 
raw Iron. 

Reduction daring 96 days, In 
kilogrammes. 




1. 

With 

Limestone. 

9. 

With 

burnt Lime. 

s. 

With 

Limestone. 

1. 

With 

Limestone. 

9. 

With 

burnt Lime. 

s. 

With 

Limestone. 

April - 

•3 


165 * 

145 

163 

436,000 * 

601,000 

459,000 

May - 

- 


165 

147 

159 

447,000 

582,000 


June - 



160 

147} 

164 

With 

burnt Lime. 

477,000 

588,000 

488,000 

With 

burnt Lime 

Jnly - 

- 

- 

161 

146} 

149} 

462,000 


537,000 

August 

• 

- 

156} 

145 

146 

465,000 

if'^J 

552,000 

September 

- 

- 

153 

147} 

146 

477,000 


600,000 

Mean - 

Average from April 

160} 

146} 

3 

154] 

461,000 

573,000 

516,000 

to June - 
Average from July 

* • 

m m 

162 

“ 

• • 

469,000 

to September 

" 

* 

m m 

147} 

“ 

- 

563,000 


The very regnlar and uniform results given in this table, show that by the use of 
burnt lime, the consumption of coke for every 100 kilogrammes of raw iron was 
reduced by 14 to 15} kilogrammes, while at the same time the production of iron 
increased, within a certain period, as much as 22 to 24 per cent. 

Hitherto the opinion of metallurgists, with regard to the use of burnt lime, was 
rather unfiivourable than otherwise, but since the above experiments were made (at 
Ougr6e), it has been employed with good results in England and Wales, and as much 
as 12 kilogrammes of coke have, it is stated, been saved for every 100 kilogrammes of 
limestone, which was replaced by 63 of burnt lime. 

Varieties and chemical constitution of cast iron. — In commerce there are four prin- 
cipal varieties of cast iron, known respectively as Nos. 1, 2, 3, and 4, or dark prey, 
bright grey, molded, and white; these terms, although convenient, do not, however, 
indicate th/| intrinsic value of the iron thug denominated, as the variable qualities of 
ore, fuel, and limestone may exercise such an influence on the resulting crude iron, as 
to render a low denomination of one manufacturer of greater commercial value than 
a higher denomination of other makers. The general characters of the four varieties 
are these: — No. 1. Colour, dark grey, in largo rounded grains, obtained commonly 
near the commencement of the casting when the furnace is in good working order, 
and when an excess of carbon is present ; in flowing it appears pasty, and throws ont 
bine scintillations. It exhibits a surface where crystalline vegetations develop them- 
selves rapidly in very fine branches ; it congeals or fixes very slowly ; its surface, 
when cold, is smooth, concave, and often charged with plumbago; it has but a 
moderate tenacity, is tender under the file, and susceptible of a dull polish. When 
melted over again, it passes into No. 2, and forms the best castings. No. 2, colour 
bright grey, of small-grained structure, and interspersed only with small graphite 
laminn; possesses great tenacity, is easily filed, turned, and bored; may even be 
hammered to a certain extent ; does not readily crack from change of temperature. 
No. 3 is a mixture of white and gsey iron. On strongly molded iron, little stars and 
■pots of grey iron are found, interspersed in bright or flowery iron ; weakly mottled iron 
exhibits white specks on a grey ground. In ttreahed iron, grey iron is found above 
and below, and bright iron in the middle, with strong demarcations. No. 4. White 
ini varies from tin white to greyish white ; it is very brittle, cracking easily, even 
by change of temperature; a is extremely hard, sometimes even more so than 
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hardened steel, so that it will reset the strongest file, and ssratehes glass easily. 
Fracture sometime laminar, sometimes lamino-mdiatin& sometimes finely splintered, 
sometimes dense and oonchoidal As the fracture changes from laminal to conohpidal, 
the colour likewise varies from white to greyish. Mean specific gravity, 7*5. Ex- 
pands less thmn grey oast iron when heated, cannot be welded, because it becomes 
pasty at the very lowest welding heat. When heated to the melting point it does 
not suddenly pass into the fhsed state like grey pig iron, bat is converted before 
foging into a soft pasty mass. In this variety of pig iron the whole of the carbon is 
united to the iron ; it is never used for casting, but always- for conversion into 
malleable iron. The bright iron obtained from spathic iron ore contains the largest 
proportion of carbon (5*3 per cent according to Karsten). A white iron is always 
the result of a derangement in the working of the fhmace, though it by no means 
follows that when the iron is white the fornacc most necessary be in a disordered 
state, the presence of manganese, for example, has a tendency to make white cast 
iron ; but the quality may be excellent The white iron resulting fr6m derangement 
flows imperfectly, and darts out in casting abundance of white scintillations ; it fixes 
very quickly, and on cooling exhibits on its surface irregular asperities, which make 
it extremely rough ; it is exceedingly hard, though it is easily broken, the fracture 
beingradiated and lanssllar; the bar iron it affords is of inferior description. This kind 
of iron is always produced when the furnace is carrying a heavy burden of forge 
cinders containing sulphur and phosphorus. 

Thus there are two distinct kinds of white cast iron * 1st That obtained from ores 
containing a large proportion of manganese crystallising in large plates ; this variety 
is highly prised for making steel. 2nd. That resulting from a heavy mineral burden, 
or from a general derangement of the furnace, or from the rapid chilling of fused grey 
iron crystallising in small plates ; both are hard and brittle, the first more sothan the 
last. Cost iron, which by slow cooling is grey, becomes white when it is cooled 
rapidly; on the other hand, when white iron is melted and allowed to cool very 
gradually, a portion of the carbon crystallises odt as graphite, and grey cast iron is 
produced. 

In some iron works six varieties of pig iron are recognised, which may be classified 
thus: — 1. First foundry iron, large crystals; 2. Second foundry iron, large and 
small crystals mixed; 3. Dark grey, all small crystals; 4. Bright grey; 5. Mottled; 
6. White, verging on mottled. 

The subjoined table exhibits the' composition of some different varieties of Conti- 
nental, English, and American ernde irons. The methods of determining the various 
elements which nearly always accompany cast iron, are given at the end of this 
article. 
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Besides the substances enumerated in the above table, other metals, such as copper, 
arsenic, chromium, titanium, cobalt, sine, tin, aluminium, and the metals of tbe niMi— 
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and alkaline earths, are occasionally found in erode iron, but very rarely in quantities 
that can at all affect the qualities of the product. The elements, the quantitative 
estimation of which has been given in the above analyses, do, however, materially 
modify the physical qualities of cast iron. We shall, therefore, offer a few observa- 
tions on ea ch . 

1st. Carbon, — Iron can take up any quantity of carbon up to a little over 5 per 
cent, at whioh point it becomes sftturated i the compound thus formed is the white 
crystalline pig or specular iron (i) (r) (*) (Q; when absolutely pure its composition is 
94*88 iron and 6*19 ctrbon, it is a tetra-carbwret, Fe*C. Th most highly earburetted 
iron whioh Faraday and Stodart could produce, consisted of iron 99*86 carbon 6*64. 
There seems no reason for admitting, as some metallurgists have done, the existence of 
a polycarburet of iron containing 18*3 percent of carbon, inasmuch as iron containing 
under 6 per cent appears to be completely saturated. The specific gravity of pure 
tetra-carburet of iron is 7*66 ; it is the most fusible of all the carburets of iron, its 
melting point bSing 1600° Centigrade ; it is brittle and silver white, and crystallises 
in oblique prisms, which are frequently tabular. According to Gurlt the carburet of 
iron existing in grey pig is the octo-carbvret, Fe*C, the crystals of which belong to the 
regular or cubic system, but almost always appear in grey iron in the form of con- 
fused octahedral groups. The specific gravity of pure octo-carbflret of iron, according 
to the same authority is 7*1 5, and its composition 97*33 iron and 9*63 carbon *, its colour 
is iron grey, its hardness is inferior, and its fasibility less than that of specular iron ; 
the groups of crystals often found in cavities in large castings are composed of this pe- 
culiar carburet Gurlt very ingeniously endeavours to show that in grey pig-iron the 
carbon of the octo-carburet is partially replaced by silicon, sulphur, and phosphorus, and 
the iron by manganese and other metals. In like manner the carbon of the tetra-carburet 
may be partially replaced by silicon, phosphorus, or sulphur, the eliminated carbon 
appearing in the form of graphite : the same decomposition is effected by heat, and 
specular iron, if exposed to a temperature considerably above its fusing point, becomes 
grey ; if cooled slowly, the graphite separates in large flakes, if rapidly, in minute 
particles. Some metallurgists suppose that in grey cast iron, a portion only of the 
iron is chemically united with carbon, the rest of the metal being dissolved in the 
earburetted compound in the form of malleable iron : we incline however to the opinion 
of Gurlt, that the whole mass of the iron is in a state of combination with the electro- 
negative constituents, such as carbon, sulphur, phosphorus, and silicon. Thus in the 
white pig-iron of heavy burden (a), there is a deficiency of carbon, that element being 
replaced by sulphur and phosphorus. 

Karsten gives as the mean of several analyses, 3*5865 per cent as the quantity of 
carbon in cast-iron smelted with charcoal from spathic ore. Ho states, that iron 
containing as little as 9*3 per cent of carbon still retains the properties of cast-iron, 
particularly the faculty of separating graphite when allowed to cool slowly. With 
9 per cent of carbon iron is not forgeable, and scarcely so if it contain only 1*9 per 
oent With this quantity of carbon it is steel, though not of the weldable kind (cast 
steel) ; even with so small a proportion of carbon as 1 -75 per cent it is weldable only 
in a slight degree; the latter property increases as the hardness of the iron decreases. 
An amount of from 1 *4 to 1*5 per cent of carbon in iron denotes the maximum of both 
hardness and strength. Iron containing 0*5 per cent of carbon is a very soft steel, 
and farms the boundary between the steel (i e. iron whioh may yet be hardened) and 
malleable or bar iron. These limits lie perceptibly higher if the iron be pure ; and 
lower if it contain silicon, sulphur, and phosphorus. 

The composition of the various carbides of iron, according to Berihier, is as under : — 



FeC®. 

FeC*. 

FeC. 

Fe*C. 

Fe^C. 

Fe»C. 

Iron 

0*600 

0*690 

0*819 

0*899 

0*947 

0*9643 

Carbon - 

0*400 

0*310 

0*183 

0*101 

0*053 

0*0357 


In the blast farnace, the reduced iron may take up carbon in two different ways; 
1. By immediate contact with the incandescent feel *, and 9. By taking carbon from 
carbonic oxide; thus Fe + 2CO » FeC + CO*. That iron decomposes carbonic 
oxide is considered by Le Play and Laurent, to be proved by the fallowing ex- 
periment : pure oxide of iron and charcoal were heated in two separate porcelain 
boats, placed in a glass tub*; the air in the tube famished oxygen to the carbon s 
carbonic oxide was formed, which was converted into carbonic acid, at the expense 
of the oxygen of the oxide of irofl ; the carbonic acid was again transformed into 
carbonic oxide, by taking up a fresh quantity of carbon, which was again converted 
into carbonic acid by taking oxygen from the oxide of iron, and this went on until the 
whole of the oxide of iron was reduced, the metallic iron then decomposed carbonic 
oxide, producing carbonic acid and carbide of iron ; and this went on till a certain 
quantity of cartel had combined with the iron, when the action ceased. If the 
charcoal be tery strongly ignited previous to the experiment, the carbonisation of the 
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Iron does not take place, neither does pnre carbonic oxide carbonise iron when pawed 
oYcr the metal at a red heat : the effect in the experiment above described may 
therefore be doe to the carbnretted hydrogen evolved from the charcoal Iron begins 
to take up carbon when heated only to the softening point, the carbon gradually 
penetrates the metal, converting it first into steel and then into east-iron ; conversely 
melted east-iron gives up carbon to soft iron, which it converts into steel When 
white iron ( Fe 4 C) ip heated with acids, yearly thfi whole of the carbon is eliminated 
in combination with hydrogen. Grey iron only gives np to hydrogen the carbon 
which was chemically combined with the iron, the uncombined carbon or graphite 
remains unacted upon ; the dark spot produced upon grey iron by a drop of nitric 
acid arises from this separation of graphite. For the amounts of carbon in the 
different varieties of steel, see Steel. 

Phosphorus.— In very few specimens of crude iron is this element wholly absent ; 
when it exists in small quantities only, it is said rather to improve the iron fbr 
eastings, as it imparts to the metal the property of fusing tranquilly ; in a larger 
proportion it weakens the iron. In like manner a very small quantity of phosphorus 
hardens bar iron without materially influencing the other properties, but when it 
exceeds *5 per cent it renders the bar brittle, cold- short, as it is termed. According to 
Schafhaeutl, both ca&iron and steel are improved by phosphorus and,by arsenic ; he 
found the latter in the celebrated Donnemora iron, and in the •Lowmoor iron, and 
the former in the equally famous Russian (CCND) iron. 

Sulphur, — This element imparts to crude iron the property of becoming viscid, and 
of solidifying quickly with cavities and air-bubbles. It is not certain to what extent, 
or if at all, the presence of minute proportions of sulphur reduces either the tenacity 
or the toughness of cast-iron of given quality in other respects. It is stated in the 
Report of the Commission of Inquiry, as to the manufacture of ordnance on the con- 
tinent, on the authority of Scliiir and Mitscherlich, that in certain Swedish works 
pyrites is thrown into the furnace with the other constituents of the charge, to produce 
the fine grey mottled iron required for gun founding, and it is added that the effect 
may be analogous to that of the oxidising flame in a reverberatory fhrnace. It is 
certain that sulphur possesses the property of concentrating carbon in iron : and os 
mottled iron is a mixture of white and grey iron, it is not difficult to see how the 
addition of pyrites may determine the formation of this variety of cast-iron in a fur- 
nace, which without it would produce grey iron only : but it is scarcely credible that 
any intelligent founder would resort to such a method of making iron for casting 
cannon, in which the highest possible degree of tenacity is required. The fine grey 
mottled iron, which from its tenacity is known to bo best fitted for large castings, is said 
to be prepared without difficulty, by charging the fhrnace partly with roasted and partly 
with raw ore, and so regulating the blast that the yield shall be regular, and the slag 
nearly colourless ; these two ores, having different degrees of fusibility, are reduced 
after different periods in the furnace, and hence afford one of them grey, and the 
other white iron, the result being, provided the minerals are properly proportioned, a 
mottled iron, harder and more tenacious than grey iron, obtained by mixing or by 
smelting in the cupola. It is desirable that the temperature of the fhrnace should be 
kept as low as possible, the production of dark grey graphitic iron resulting always 
from intensity of heat. 

When sulphur is melted with iron containing the largest amount of cheftiically com- 
bined carbon, sulphuret of iron is formed on the surface ; underneath a layer of 
graphite, and beneath that, a layer of iron with the maximum of carbon : and when 
grey iron containing 8*81 per cent, of graphite is melted with sulphur, white iron, 
containing iron 94*03, combined carbon 4*98, and no graphite, is formed. The tendency 
of sulphurous ores to produce white metal in their treatment in the blast furnace, has 
long been known ; it was supposed that this was occasioned by the too great fusibility 
which the sulphur gave to the cast iron, but ores containing large proportions of phos- 
phoric acid will produce very grey iron, notwithstanding their fusibility, so that this 
explanation does not serve ; the experiments above described point to the true reason. 
The sulphur present in the ore (if as sulphuric acid reduced in the fhrnace) enters 
into combination with the iron, displacing a corresponding proportion of carbon, which 
becomes concentrated in the remainder of the metal, forming white iron. To guard 
against this, and in order to obtain a metal which shalPcontain a minimum amount of 
sulphur, the slags should contain the maximum amount of lime, M. Berthier having 
shown that this . earth decomposes sulphuret of ^ron at a high temperature, in the 
presence of carbon. M. Janoyer states, that the proportion of lime and silica in the 
slag may be as 54 to 36 ; it is doubtful whether such a highly basic cinder would be 
sufficiently fhsible. Direct experiments, however, have shown that the amount of 
sulphur in cast-iron diminishes in proportion as the amount of lime in the slag in- 
creases. A still better flux is oxide of manganese, and it is found that when the 



iron. 


723 

manganiferous spafhose ore constitutes part of the burden of the fornace, sulphur 
almost entirely disappears from the erode iron. M. Janoyer believes that he has 
proved experimentally, that the whitening of east-iron smelted from sulphurous ores, 
is due, in part at least, to the subtraction of a portion of its carbon, and its volati- 
lisation in the form of sulphuret of carbon, by which the temperature of the furnace 
is lowered ; but his experiments qq this point require confirmation. The presence of 
a very small quantity of sulphur acts vtff injuriously upon bar iron, so small a pro- 
portion as fgjgg rendering the metal 11 hot short," that is, incapable of being worked at 
a red-heat under the hammer. If the quantity of sulphur in the crude iron exceeds 
0*4 per cent, it is scarcely possible to manufacture it into good wrought iron. 

Sitican.— Like carbon this element enters into combination with iron in all propor- 
tions up to as high as 8 per cent The largest quantity found by Karsten in pig- 
iron was 3 a 46 per cent, but in the above table a specimen (ft) is quoted from Coal- 
brook Dale containing 4*88 per cent: and we have lately found it in a sample of 
Nova Scotia iron as high as 5 a 8 per cent Generally speaking, grey cast-iron contains 
more silicon than white, and the greater the quantity of graphite in the crude iron the 
larger the amount of silicon, because the higher the temperature of the furnace ; but 
this again will depend materially on the quality of the coal, fr§m the ash of which the 
silicon is pAbablf principally derived. A clean strong coal yielding a small per 
centage of ash frumisnes a cast-iron with less silicon than on inferior coal, the mineral 
burden being the same. Pig-iron smelted with hot blast contains more silicon than 
when the blast is cold, because of the higher temperature which prevails in the fusion 
zone of the furnace. Some analyses illustrating this fact have been already given. 
According to the experiments of MM. Janoyer and Gauthier the amount of silicon 
in hot blast cast-iron may be greatly influenced by varying the proportion of lime- 
stone in the furnace. Pig-iron obtained with a charge yielding a cinder in which the 
lime and alumina were to the silica as 7 is to 10, had little strength, breaking readily, 
and analysis showed that it contained S per cent of silicon. By increasing the amount 
of lime in the charge, so as to obtain a cinder in which the bases were to the silica as 
8 is to 10, and at the same time employing a blast of the highest attainable temperature, 
the iron produced had a much greater strcngrli. When the proportion of bases to 
silica in the cinder was as 20 is to 19, the iron contained only an inappreciable amount 
of si!:con, and the strength was increased in the proportion of 65 to 45. When the 
maximum quantity of lime was used the consumption of fuel was on the average in- 
creased to the extent of 6 per cent. 

On reading the above account of the experiments of Messrs. Janoyer and Gauthier, 
the writer of this article induced the furnace manager of the Blaina Iron Works to 
increase the yields of lime on one of his furnaces to as great an extent as in his judg- 
ment it wonld bear, and when the furuace was under the full influence of the excess 
of flux to forward him samples of the grey pig for analysis. The following results 
show that, contrary to the statement of MM. Janoyer and Gauthier, no advantage, 
os regards a diminution in the amount of silicon, was hereby obtained, the proportion 
of that element being not perceptibly qltcred, though there is a slight diminution 
observable in the percentage of sulphur. 

Grey pig, with usual Oroj plr, with extra 

q burden of lime. burden or lime. 

Sulphur - 0-067 - 0*045 

Silicon - 2*900 - 8*930 

As the presence of silicon in pig-iron affects in a remarkable degree the yield as 
well ns the strength of paddled bars, it is of importance that this element should be 
removed as effectually as possible by a refining process before the crude iron is sub- 
mitted to the puddling process. Pigs with 3 per cent of silicon give about 6 per 
cent of silica, and this requires somewhere about 12 per cent of iron to form a cinder 
sufficiently fluid to allow the puddled iron to become aggregated into balls; this can 
of coarse be obtained only by burning that amount of iron m the paddling ftirnnce 
after the expulsion of the carbon, and while the mass is in a powdery state. This 
powdery mass is composed of small granules of iron mixed up with a gluey infusible 
cinder. The pnddler turns over this mass repeatedly to expose the iron to the oxidising 
influence of the fornace ; 4he silica now taking up sufficient oxide of iron to give it 
fluidity begins to separate from the iron, and forms a pool at the bottom. After some 
time the puddler, finding the mass of cinder accumulating pretty fast, makes the first 
attempt to “ ball on.” In order to save as much iron as possible, he keeps the damper 
down and works the powdery mass at as low a red heat as possible. The balls, even 
when made, will not bear much heat under the hammer without falling to pieces, 
hence an imperfect weld in the hammered mass and rolled bar is the result, and 
although the iron may be chemically pure it is deficient in itrenath* By protracting 
the process and waiting more iron, there is no doubt but that the iron might be ixn- 
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proved, tor the einde? would become richer in oxide, more fluid, and consequently 
offer lea resistance to a perfect weld. Iron, on the contrary, with a null percentage 
of silicon may be “ belled up N directly it ii M dried, 1 * and the short time required for 
that operation be conducted at the highest heat of the fhmaoe. A good, welding 
of the maM is the consequence ; such iron is iCnmg, and the labour of the puddler in 
obtaining it is much lea than in the former case. r Every pound of silica most have 
twice its weight of iron to form a cmdSr sufficiently rich in oxide to allow the 
particles of iron to beoome properly agglutinated. Such bdfflg the influence of 
silicon on both the yield and the strength of wrought iron, and such being the waste 
attendant on its removal in the refinery, it becomes an object of much practical im- 
portance to prevent as for as possible the fofmation of a filicide of iron in the blast 
foresee, and the observations of MM. Janoyer and Gauthier on this point require 
carefol verification. 

Manganese. — The presence of this element in pip-iron does not appear to exert 
much influence either for good or for bad on the quality of the metal, and even when 
it exists in quantity amounting to 4 or 5 per cent in the crude iron, it disappears 
almost entirely during the conversion of the cast-iron into wrought or malleable. It 
has already been obsen/ed that the cinder from iron smeltyri from mangpniferous ores 
contains, generally speaking, more sulphur than slags or cinders from iron ores con- 
taining no mang anese. We have had numerous opportunities of confirming this, and 
have therefore on this account alone attached much importance to the existence of 
manganese in iron ores; but our attention has more recently been directed to another 
point which we think especially worth of notice of iron manufacturers, namely, to 
the almost perfect removal of phosphorus from pig-iron containing a very large pro- 
portion of that element, and at the same time a high percentage of manganese. As 
our experiments on this important point are still in progress, we shall merely here 
quote a few in illustration of the purifying action we have alluded to. 

Iron made from a highly phosphorised ore containing no manganese.* — 

Phosphorus 

percent. 


Pig 3*080 

Puddled bar - - 0*838 

Rough down bar ....... 0*572 


The finished bar was cold short in the highest degree, it was in fhet nearly worthless. 
Iron made from a highly phosphorised ore oontamipg a large percentage of man- 
ganese. 

Phosphorus. 

Pig .... 2*60 
Paddled bar - 0*30 

Do. ... o*20 
Finished bar ... 0*11 


- 7*20 
"1 0*80 


The iron was carefolly watched daring tjie puddling process. It melted very thin, 
and took rather more work than usual ; as soon as the boiling commenced it was very 
violent, the metal forcing itself out of the door hole until it was checked. When it 
“ came to nature," as the workmen term it, it worked beautifully and stood stay amount 
of heat, in fact the heat could with difficulty be raised to the requisite degree. The 
yield was 82 owts. 2 qrs. 24 lbs. of pig to produce one ton (of 20 cwts.) of puddled bar ; 
this is about the vield of good mine iron when properly puddled. Hie finished bar 
exhibited none or the cold ahortquality, it was exceedingly ductile, indeed excellent 
horseshoes were made from it The puddling cinder had the following composition : — 


Silica ......... 8-240 

Protoxide of iron ....... 70*480 

Oxide of manganese ...... 12*800 

Phosphoric acid 7*660 

Sulphur .535 


t 09*715 

Other observations have shown that highly manganiferous pig (without phos- 
phorus) is puddled with difficulty, and sometimes with considerable waste, so (hat the 
advantages 'Of an alloy of manganese would seem to be confined to (hose varieti es of 
erode iron into the c omposition of which phosphorus largely enters. 

The Conversion qf Crude or Carburised Iron into MaMeabl e Iron, This is effected 

by one or more operations, which are necessarily of an oxidising nature, the object 
being to eliminate from the east iron the carbon in the form of carbonic oxide gas, 
end (he s ili co n , sulphur, phosphorus, and other foreign bodies in the form of uMued 
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products, which pass either partially or wholly into the scoria or cinders. The pig* 
Iron is either saqjeeted to a preliminary decarbnration in the oxidising blast hearth, 
or “ refinery,” and the operation thus commenced afterwards completed in the oxi- . 
dising air-furnace, or “ puddling furnace j ** or the complete conversion of the crude 
iron S effected by one (mention m the puiiiing furnace, by the process called “boiling.” 
It is said (BlcuthotR) that, at s evqpl works abroad, the attempt to arrest the progress 
of decarbnration in the puddling or boiling furnace at that point in which the con- 
version has proceeded only so far as to leave the iron in the state of steel, or sub- 
carburet, has been successful, and that a valuable natural or puddled steel, not requiring 
cementation before conversion into refined or cast steel, has been the result 
English Method of refining. — The finery fhrnace is composed of a body of brick- 
work, about 9 feet square, rising but little above the surface of the ground. The 
hearth, the bottom of which is of millstone grit, placed in the middle, is 24 feet deep; 
it is rectangular, being in general 8 feet by 2, with its greatest side parallel to the face 
of the tuyeres, and it is made of cast iron in four plates. On the side of the tuyeres 
there is a single brick wall, on the three sides sheet iron doors are placed, to prevent 
the external air from cooling the metal, which is almost always worked under an 
open shod or in the open air, bat never in a space surrounded by walls. The chimney, 
from 15 to Iff feet Jiigh, is liipporc i upon four columns of c&Btiron; its lintel is 4 feet 
above the level of the hearth, in order that the labourers may work without restraint 
The air is supplied by the blowing cylinders which supply the blast fhrnace, and enter 
the hearth through 6 tuyeres, so arranged that the current issuing from those on the 
opposite sides of the crucible are not disposed in the same plane. These tuy&xvs. like 
those in the furnaces in which cast iron is made, are provided with double casings, 
through which a current of cold water is constantly flowing, and each pipe is furnished 
with a suitable stop valve for regulating the volume of the blast. The tuyeres are 
placed at the height of the lip of the crucible or hearth, and are inclined towards the 
bottom, at an angle of from 25° to 80°, so as to point upon the bath of melted metal 
as it flows. The quantity of air blown into the fineries is considerable, being nearly 
400 cubic feet per minute for each finery. The ground plan of a finery is shown in 
JYg.1012, ▲ being the hearth, b the tapping hole, b the chill mould, and aaaaaa the 

nozzles of the tuyeres. The operation of re- 
fining crude iron is conducted ns follows: A 
fire is lit in the centre of the hearth, which is 
first urged by a gentle blast; a charge of pig, 
about 2 tons, is then laid on, and the whole is 
covered up dome-form with a heap of coke ; 
the full power of the blast is now turned on, 
the cast iron melts, and flowing down gradually 
collects in the crucible, more coke being added 
as the first quantity burns away. The ope- 
ration proceeds by itself, the melted metal 
is not stirred about ns in some modes of re • 
finery, and the temperature is always kept 
high enough to preserve the metal liquid. 
During this stage the coals arc observed con- 
tinually heaving np, a movement due in part 
to the action of the blast, but in part to 
an expansion caused in the metal by the dis- 
charge of carbonic oxide gas. Wlion all the 
pig-iron is collected at the bottom of the hearth, 
which happens in about two hours, it is blown 
vigorously for some time longer, the tap-hole is 
opened, and the fine metal runs out with the slag into the chili mould, or pit, as it is 
called, whieh has been previously washed with a thin clay liquid, to prevent the refined 
metal from adhering to its surface. The chill mould is in a prolongation of the 
tapping hole ; it is a heavy cast iron trough, about 10 feet long, 3 feet broad, and 2 to 
sf inches deep. The slag, from its inferior specific gravity, forms a cnist on the 
surface of the metal : its* separation is facilitated by throwing cold water in large 
quantities on the fluid mass immediately that the entire charge has left the refinery. 
This sudden chilling of the metak makes it exceedingly brittle, so that it can be broken 

into smaller pieces by heavy hammers, for the subsequent operation of puddling. The 

refined metal is very white, hard, and brittle, and possesses in general a fibrous ra- 
diated texture ; or some tim es a cellular, including a considerable number of small 
simerical cavities, like a decomposed amygdaloid rock. The loss of iron in the re- 
finery process isvery large, varying from uiito 20 per cent In the Welsh ironworks. 
1 ton of white iron takes from 1} to 2 hours to refine, the consumption of coke being 
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from 6 to 8 cwts* and the loti about 8 cwts. Gray iron tikes from 7 to 9 cwts. of 
coke per ton, the time required to refine being from 9} to 9 hoars, and the loss ofirod 
per ton 4 ewt The pig-iron to be dee arborised in the refinery is frequently mixed 
with rich silicates (forge cinders), and occasionally with oxides of iron, the object 
being to protect the melted metal in some degree from the oxidising effects of the 
blast, and to react on the carbon which it contains^ The quantity employed depends 
on the degree to which the pig-iron is rearborised. The crude iron, from which 
wrought iron of the best quality is produced, is that possessing a medium degree of 
carboration, or what is generally termed grey pig-iron. White iron, which possesses 
an inferior degree of fluidity to grey pig-iron, and which comes as it is termed more r a- 
pidly to nature, is that quality which u mort generally employed in the manufacture 
of wrought iron, especially when the conversion is effected in the single operation of 
boiling in the puddling raniace ; but this species of pig-iron being the result of im- 
perfect re-actions in smelting, is always more impure than grey iror obtained from 
the same materials, and does not produce wrought iron of the best quality. 

The coke employed in the refinery should be as free as possible from shale, and 
should contain only a low percentage of ash ; it should especially be free from sul- 
phuret of iron, which it often contains in considerable quantity, as it is found that 
nearly the whole of this sulphuret enters into combination with gie nfetal, and does 
not pass off in the slags. 

Refineries are sometimes worked on hot fluid iron, run direct from the hearth of 
the blast fornaoe, a considerable saving, both of time and foel, being hereby effected. 
Various proposals have been patented for the employment of fluxes to assist in the re- 
moval of the impurities of cast iron, both in the refining andpuddlingfornaces. Thus Mr. 
Hampton patented, in 1855, a flux, prepared by slaking quick lime with the solution of 
an alkali, or alkaline salt MM. Du Motay and Fontaine propose, in a patent secured in 
1856, to purify and decarbonise iron in the refining and puddling fornaoe, by the em- 
ployment of fluxes prepared from the scoriae of the puddling furnace, from oxides of iron 
and silicates or carbonates of alkalies, or other bases. Mr. Pope ( 1856) proposes to add 
the residue obtained by the distillation of Boghead or Torbane mineral, to such foel as is 
employed in the refining of iron. Mr. Sanderson, of Sheffield (1855), employed for the 
refining of iron such substances as sulphate of iron, capable of disengaging oxygen 
or other elements, which will act upon the silicium, aluminum, &c^ contained in the 
metal These and various other schemes have been suggested with the object of lessening 
the enormous waste which pig-iron undergoes on its passage through the refinery; for as 
the process is at present conducted, the partial elimination of the carbon, sulphur, phos- 
phorus, &c., is only effected at the expense of alarge quantity of iron, which is oxidised 
by the blast, and passes in the form of silicate into the slag ; the desideratum is the dis- 
covery of some method of reducing the oxide of iron, and substituting for it some other 
base, which will form with silica a sufficiently fusible silicate. Mr. Blackwell suggests 
that the decarburation of pig iron might be effected by remelting it in a cupola furnace, 
either alone, or with minerals containing nearly pure oxides of iron ; the oxide of iron 
would be reduced by the carbon of the pig-iron, while the silicates of the foel, with 
the silica, alumina, and other easily oxiflisable alloys eliminated from the crude 
iron, would be separated in the form of fusible earthy glass. The employment of 
steam as a purifying agent for crude iron has been patented by several perqpns. Mr. 
Nasmyth in 1854 obtained a patent for the treatment of iron in the puddling furnace 
with a current of steam, which being introduced into the lower part of the iron, passes 
upwards, and meeting with the highly heated metal undergoes decomposition, both 
elements acting as purifying agents. The steam employed is at a pressure of about 5 
pounds per square inch, and passes into the metal through a species of hollow rabble, 
the workman moving this about in the fosed metal until the mass begins to thicken, 
which occurs in from five to eight minutes after the introduction of the steam ; the 
steam pipe is then removed and the puddling finished as usual 

The advantages are said to consist in foe time saved at each heat or puddling 
operation (from ten to fifteen minutes) ; the very effective purification of foe metal ; 
and foe possibility of treating highly carbonised pig-iron at once in foe puddling 
fornaoe, foe preliminary refining being thus avoided. In October 1855, Mr. Bessemer 
patented a somewhat similar process for foe conversion of iron into steel, the steam 
highly heated, or a mixture of air and steam, being forced through foe liquid iron 
run from foe fornaoe into skittle pots, steam being used only at an early stage of the 

S rocess, and foe treatment finished with heated air. in foe early part of the woe year 
fr. Martien of New Jersey obtained a patent for a partial purification of crude iron, 
by causing air or steam to pass np through foe liquid metal, as it flows along gutters 
from the top hole of foe fornaoe or finery forge; and he subsequently proposed to mdflde 
v ifo foe air or steam, other purifying agents, such as chlorine, hydrogen, and coal gat, 
oxides of manganese, and sine, &e. Other methods of treating crude iron with air and 
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•team were made the sutyects of patents by Mr. Bessemer in December 1855 and January 
*1856. In October a patent for the employment of steam in admixture with cold blast in 
the smelting foraace and fining forge, was obtained by Messrs. Armitage and Lee, of 
Leeds, and in August a patent was obtained by Mr. George Parry, of the Ebbw Vale Iron « 
Works, for die purification of iron by means of highly heated steam. The fluid iron 
is allowed to run into a reverberatory fornaoe previously heated, and the steam is 
made to impinge upon it from several tuybres, or to pass through the metal Steel is 
to be obtained by tmatin^ highly carburetted iron with the steam, and then running 
it into water, and losing it with the addition of purifying agents, or adding to it in 
the foraace a smal l quantity of clay, and afterwards about 10 or 15 per cent of calcined 
spathose ore. Mr. Parry observing that when steam was sent through the molten 
iron, as in Mr. Nasmyth's process, the iron quickly solidified, conceived the idea of 
communicating a high degree of heat to the steam by raising the steam pipe a couple 
of inches atxrfe the surface of the metal, so that it might be exposed to the intensely 
heated atmosphere of the fornacc ; and also of inclining the jet at an angle of 45°, so 
as to give the molten mass a motion round the furnace while the pipe was maintained 
in the same position at a little distance beyond the centre : when this was done, in a 
few minutes the iron began to boil violently, the rotatory mo^on of the fluid bringing 
every part of it successively into contact with the highly heated mixture of steam and 
atmospheric air, and no solidification taking place. Having thus ascertained the pro* 
per way of using steam as a refining agent, it occurred to Mr. Parry that, as the pre- 
sence of silicon in the pigs for puddling affects in a remarkable degree the yield of 
iron, as well as its strength, it is a matter of consequence that this element should be 
removed as completely as possible previous to the puddling operation ; the steaming 
of the iron would probably therefore be more profitably applied in the refinery than in 
the puddling foraace. Pig iron containing 3 per cent of silicon gives 6 per cent of 
silica, which, to form a cinder sufficiently fluid to allow the balling np of the iron, 
would require from 10 to 12 per cerft. of iron ; and this can, of course, only be obtained 
by burning that amount of iron in the puddling furnace, after the expulsion of the 
carbon, and while the mass is in a powdery state. The superheated steam is injected 
on the surface of the iron in the refinery by water tuyeres, similar to those used for 
hot blast at smelting furnaces ; they are inclined at an angle of about 45° ; some are 
inserted at each side of the door of the furnace, and are pointed so as to cross each 
other, and give the iron a circulating motion in the foraace. The tuydres are from 
2 to } an inch in diameter ; a little oxide of iron or silicate in a state of fbsion on the 
surface of the iron accelerates the action, as in common refineries, and increases the 
yield of metal, but to a much greater extent than when blasts of air are UBed. The 
steam having been turned on, the mass of iron commences circulating around the iu- 
clined tuyeres, and soon begins to boil, and the action is kept uniform by regu- 
lating the flow of the steam. The most impure oxides of iron may be used in this 
process, such as tap cinder or hammer slag flrom puddling furnaces, without injury to 
the quality of the refined metal made ; the large quantities of sulphur and phosphorus 
which t hey contain being effectually rejnoved by the detergent action of the heated 
steam. When 4 cwt of cinders are used to the ton of pig, 20 cwt. of metal may be 
drawn, the impurities in the pig being replaced by refined iron from the cinders. 

We hare had several opportunities of witnessing this beautiful refining process at the 
Ebbw Vale Iron Works, and have made the following analysis of the cinders and 
metal which frilly bear out the above statements: — 

Pig Iron. Refined melal. 

Graphite ----- 2*40 - - - 0‘30 

Silicon .... - 2 68 - - - 0‘32 

Slag ------ 0*68 - - - 0*00 

Sulphur ----- 0*22 - - - 0*18 

Phosphorus .... 0*13 - 0*09 

Manganese ----- 0*86 - - - 0*24 

Forge dndera thrown Cinder run ont of 
into the refiuery. the refinery. 

Sulphur ----- 1*84 - - - 0*16 

Phosphoric aqid - - - 2*06 - - - 0*129 

A ton of grey iron may be refined by steam in half an hour, using seven jets of 
steam | of an inch in diaroeteit and with a pressure of from 30 to 40 lbs. ; the tem- 
perature of the steam being from 600° to 700° F., the orifices of the tuydrec being 
2 or 8 inches above the surface of the iron. As the fluidity of the metal depends 
l yon the heat which it is receiving from the combustion of the fuel in the grate, and not 
on any generated in it by the action cf the steam, it is evident that the supply of the lattef 
in a given time most not exceed a certain limit, or the temperature of the fluid iron 
will become reduced below that of the foraace. This however partly regulates itself 
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and does not require much nicety in the management, for, if too much steam be 
given, the ebullition becomes so violent, as to came the cinders to flow over the 
bridges, giving notioe to the refiner to slack his blast. The u forge cinders " used in 
the steam refinery contain 66 per oent of iron | the u nm ont * cinder contains only 
SO; 40 per cent of iron, or thereabouts, have therefore been converted into refined 
metal, and the resulting cinder is as pure as the ordinary Welsh mine, with its yield 
of 25 per cent, of iron. The following is the result of one week’s work of the steam 
refinery:— cwt. qnl It*. 


Pigs used 



m 

cwt. 

- 396 

qrsl 

0 

lbs. 

15 

Metal made - 

- 

- 

- 

893 

3 

1 

Loss - - 

• 

. 


- 2 

1 

14 

Yield - - 

. 

. 

. 

- 20 

0 

14 


The quantity of cinder (paddling) used was 8} cwt per ton of pig. •When 1} cwt. 
of cinders were used to 1 ton of pig, the yield was invariably SO cwt. over a make of 
about 100 tons. 

Burning by gas ( German method). — The most simple form of gas reverberatory 
fornace is that known qs Eck's fornace, which is employed at the government works 
of Gleiwits and Kdnigshhtte, for refining iron made on' the spot. The following 
description and plan of this furnace is extracted from a report to the secretary of 
state for war, from the superintendent of the Royal Gun factories. Colonel Wilmot, 
R. A., and the chemist of the War Department, Professor Abel 

The gas generator (which replaces the fire-place of the ordinary reverberatory 
fornace) is an oblong chamber, the width of which is 3 feet 9 inches, and the height 
from the sole to the commencement of the sloping bridge 6 m r-, 

feet 4 inches. It topers slightly towards the top, so as to foci- | 

litate the descent of the foel, which is introduced through a late- 1013 j 

ral opening near die top of the generator. Its oubscol contents j | j 

are about 44 fret 1015 □ | e — «-|i 

The air necessary for the production of the gas is supplied by H 

a feeble blast, and enters the generator from the two openings 
or tuyeres of a long air chest of iron plate (fig*- 1013, 1014, 1015) jjpjj i | 

fixed at the hack of the chamber, near the bottom. The space j 

between the air chest and the sole of the chambers serves as | ; 

a receptahle for the slag and ash from the foeL There are open- □ It lj j 

fogs on the other side of the chamber, opposite the tuyeres, H i 

which are generally closed by iron plugs, but are required ! 

when the tuydres have to be cleaned out There is an opening j \ 

below the air-chest, through which fire is introduced into L*J LJ 

the chamber, when the furnace is set to work, and which is 
then bricked up, until at the expiration of about 14 days it be- 1( *i| 

comes necessary to let the firo die out, when the slag and 1 lj 

ash which have accumulated on the Bole of tho chamber are 


removed through this opening. 

The hearth of the fornace is constructed of a somewhat loamy sand ; its general 
thickness is about 6 inches, its form is that of a shallow dish, with a slight incline 
towards the tap hole ; the iron is prevented from penetrating through the hearth by 
the rapid circulation of cold air below the fire-bridge and the plate of the hearth. 

Fig*. 1016 and 1017, represent the upper oblong air-chest provided with a series of 
tuyeres, which enter the top of the fornace just over the fire-bridge at an angle 
of 300. The air forced into the fornace through these tuyeres 1016 

serves to inflame and bum the gases rushing out of the gene- 
rator, and the direction of the blast throws the resulting flame 
down upon the metal on the hearth, in front of the bridge. 

This air-chest communicates, like the other one, by pipes, 
with the air accumulator of the neighbouring blast furnace. 

The amount of pressure employed u about 4 lbs. ; but the 
supply of air, botn to the generator and the inflammable gases, 
admits of accurate regulation by means of valves in the con- 
necting pipes. There is an openibg in the arch at both sides i 0 17 
of the fornace, not for from the bridge, into which, at a certain 
stage of the operations tuy&res are introduced (befog placed at 
an angle of 25°) alto connected with the blast apparatus and 
provided with regulating valves. 

The refining process Ts conducted as follows : — The hearth of the fornace having 
been constructed br repaired, a brisk coal-fire is kindled in the generator, through 
the opening at the bottom, which is afterwards bricked up. About 20 cubi* fc*of 
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coals are then introduced from shore, and the necessary supply of air admitted to 
the generator through the lower air- cheat When these coals nave been thoroughly 
ignited, the generator is filled with coals, and a very moderate supply of air 
through the tuydrea below (ft r the generation of the gas), and thorn over the bridge, 




Longitudinal Section. 


Cinr it* combnation,) until the furnace ia dried, irhen the eupply of air at both place! 
is increased, so as to raise the hearth to the temperature necessary for baking it 
thoroughly, upon which, about 40 cwt of iron are introduced ; the metal heing dis- 
crihhte^ over the whole hearth as uniformly as possible, and- the sue of the pieces 





„CroM Motion ate,*, on Plan. Bodalev. 


'with ooal, and the supp! It of air admitted from below is diminished by a regulation 
of the yahre, whenever fresh coal is supplied, as the latter, at first, always yields gas 
more freely. The arrangement of the upper row of tuyeres effects the combustion 
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of gases Just as they pass from the ge n er at or on to the hearth. The hottest portion of 
the flimaea is of coarse near the fire-bridge, ue. where the blast first meets with the 
gases. Daring the melting process the iron is shifted occasionally, so that the cooler 
portion near & fine may in its tarn become melted without loss of time. When 
the iron is ascertained to be throughly freed, about 6- lbs. of erasted limestone are 
thrown orer its surface for the purpose of converting the dross which has separated 
into frsible slag. The two side iny&res are now introduced into the frrnaces through 
the openings above alluded to, the widths the noisle employed depending upon the 
power of the blast filed. The air rushing from these tuyeres impinges with violence 
upon the iron, and the two currents meeting an eddying motion is imparted to the 
freed metaL In a short time the motion produced in the mass is considerable t the 
supernatant dag is blown aside by the blast, and the surface of the iron thus exposed 
undergoes refinement, while it changes continually, the temperature of the whole 
mass being raised to a frll white heat, by the action of the air. The iron is stirred 
occasionally, ta order to insure a proper change in the metal exposed to the action of 
the blast A shovelfrl of limestone is occasionally thrown in (the total qnantity 
used being about 1 per cent of the crude-iron employed). The slag produced is ex- 
ceedingly frsible, and is allowed to remain in the furnace until die metal is tapped, 
and on cooing it separatqp from it completely. » 

The duration of the treatment in this frrnacc after the metal is fried, varies from 
two hours and a half to five hours, according to the product to be obtained. For 
the preparation of perfectly white iron, the treatment is carried on for five hours. A 
sample is tapped to examine its appearance, when it is believed to be sufficiently 
treated. 

When the charge is to he withdrawn from the furnace, the side tuyfcre nearest the 
taphole is withdrawn, so that the blast from the opposite tuyere may force the metal 
towards the hole. The fluid iron, as it flows from the taphole is fully white hot, and 
perfectly limpid ; it chills, however, very rapidly, and soon solidifies. A few pails 
of water are thrown upon those portions of the metal which arc not covered with the 
slag, which flows ont of the frrnace, the object being to cool it rapidly, and thus 
prevent the oxidation of any quantity of iron. The loss of metal during the treat- 
ment is said not to exceed 5 per cent. 

With regard to the purification which the iron undergoes in the gas reverberatory 
furnace, it appears to be confined chiefly to the elimination of carbon and silicium, 
the amount of sulphur and phosphorus undergoing but little alteration, as appears from 
the following analysis (Abet ) : — 

Tig iron. Refined iron. 


Silicium - 4*66 

Phosphorus - - 0*56 

Sulphur - 0*04 


0-62 

0*50 

003 


Nevertheless the iron thus refined is highly esteemed far all castings which are 
required to possess unusual powers of resistance : some experiments made to ascertain 
the comparative strain borne by the refined metal, and the same metal as obtained from 
the blast furnace, showed the strength of the former to be greater by one half than 
that of the latter. 

Thefperation of puddling.— In the year 1783 and 1784, Mr. Henry Cortof Gosport 
obtained two patents, one for the puddling, and the other for the rolling of iron, “ dis- 
coveries," says Mr. Scrivenor, “ of so much importance in the manufacture, that it 
must be considered the era from which wc may date the present extensive and 
flourishing state of the iron trade of this country." 

The object of Mr. Cort’B processes was to convert into malleable iron, cast or pig 
iron, by means of the flame of pit-co&l iu a common air frrnace, and to form the re- 
sult into bar by the use of Tollers in the place of hammers. The process was ma- 
naged in the following manner : — u The pigs of cast iron produced by the smelting 
furnace are broken into pieces, and are mixed iu such proportions according to their 
degree of carbonisation, that the result of the whole snail be a grey metal The 
mixture is then speedily run into a blast furnace, where it remains a sufficient time to 
.allow the greater part of the iconic to rite to the surface. The frrnace is now 
tapped, and the metal nms into moulds of sand, by which it is formed into pigs, about 
half the sixe of those which are broken into pieces A common reverberatory frr- 
naoe heated by coal is now charged with about 2£ cwt of this half refined grey iron. 
In a little more than half an hour, the metal will he found to be nearly melted \ 
at this period the flame u turned off; a little water is sprinkled over ir v and a workman, 
toy introducing an iron bar through a hole in the side of the frraaee, begins to stir 
the half fluid mass, and divide it into small pieces. In the course of about 50 minn^ 
from the commencement of the process, the iron will have been reduced by constanl 
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stirring to the consistence of small gravel, and wffl be considerably cooled. The 
fiiw h dun toned on again, the workmen continuing to. stir the metal, and in three 
minutes* time toe whole mass becomes soft and semifluid, upon which toe flame is 
then turned off, The hottest part of the iron now begins to heave and swell, and 
emit a deep lambent blue flame, which appearance is called fermentation ; toe heaving 
motion and accompanying flame soon spread over toe whole, and toe heat of toe 
metal to be rather increased than diminished tor the next quarter of an hour; 
after this period toe temperature again talff , the blue flame is less vigorous, and in a 
little more than a quarter of an hour the metal is cooled to a dul? red, and toe jets of 
flame are rare and taint During the whole of toe fermentation toe stirring is con* 
tinned, by which toe iron is at length brought to toe consistency of sand ; it also 
approaches nearer to toe malleable state, and in consequence adheres less than at 
first to toe tool with which it is stirred. During toe next half hour toe flame is turned 
off and on several times, a stronger fermentation takes place, the lambent flame also 
becomes of a clearer and lighter blue s the metal begins to dot, and becomes much 
1 ms fusible and more tenacious than at first The fermentation then by degrees sub- 
sides | toe emission of blue flame nearly ceases ; toe iron is gathered into lumps and 
beaten with a heavy-headed tool. Finally, the tools are withdrawn, the apertures 
through whidi they were worked are dosed, and the flam^is again turqgd on in tall 
force for six or eight minutes. The pieces being thus brought to a high welding 
heat are withdrawn and shingled; after this they are again heated and passed 
through grooved rollers, by which the scoria are separated, and the bars thus forcibly 
compressed acquire a high degree of tenacity.” But this mode of refining did not 
produce altogether toe desired result It was irregular ; sometimes the loss of iron 
was small, but at others it was very considerable, and there were great variations in 
the quality of toe iron, as well as in the quantity of fuel consumed. These difficulties 
were, however, removed by the introduction of toe coke finery by toe late Mr. Samuel 
Homfray, of Penydarran, upon which toe puddling and balling feraaces came imme- 
diately into general use, with toe addition of rollen in lieu of hammers. 

Mr. Gort*s first patent, which is for “ rolling," is dated 17th January, 1783 ; his 
second, that for 11 puddling,” is dated 13th February, 1784. It has been attempted, 
though we think very unjustly, to detract from Cort’s merits as an original inventor, 
by referring to toe patents of John Payne, and Peter Onions, dated respectively 21st 
November, 1728, and 7th May, 1783. The first was to a certain extent, undoubtedly, 
a patent for “ rolling ; ” for too bars rendered malleable by a process indicated, are 
44 to jpowS between the large metall renders which have proper notches or furrows upon 
their surface:*' but there is no proof that any practical use was made of Payne*s pro- 
cess, while that of Cort was almost immediately and universally adopted : it may be 
true therefore that Cort was toe rediscoverer and not toe actual discoverer of the 
process of rolling, but this in no way detracts from his merit, inasmuch as by his im- 
provements, he was enabled to make available that which was previously useless. 
The same observation applies to toe patent of Onions, which to a certain extent anti- 
cipated that of Cort for puddling. Onions employed two tamaees — a common smelt- 
ing furnace, and a furnace of stone and brick, bound with iron work and well annealed, 
into which toe fluid metal was received from toe smelting furnace. When toe liquid 
metal had been introduced into toe second tarn ace by an aperture, it was closed up 
and subjected to toe beat of tael and blast from below, until toe metal 4 became 
less fluid, and thickened into a kind of paste ; this toe workman by opening a door 
turns and stirs with a bar of iron, and then closes toe aperture again, after which 
blast and fire is applied until there is n ferment in toe metal ; toe adherent particles of 
iron are collected into a mass, reheated to a white heat, and forged into malleable iron. 
That toe procees of puddling is here indicated there can be no doubt, but the actual 
operation was impracticable until Henry Cort invented toe furnace in which it could 
be conducted. 

Neither Mr. Cort nor his taxnily appear to have derived much advantage from his 
important discoveries — discoveries which changed us at once from dependent importers 
of iron into vast exporters to every country of toe world, and which may be considered 
to have founded toe iron industry of Great Britain. So long ago as 1811, the chief 
representatives of the trade assembled at Gloucester unanimously acknowledged their 
indebtedness to Mr. Cort for toe improvements of which he *as the author, and this 
acknowledgment has been repeated within toe last few years by Robert Stephenson. 
Fasrbairn^Mauddau and Field, Cubit t, Bended, Sir Charles Fox , Bidder , Urawshay, 
Bade y, and many others. In working out his inventions, Cort is said to have expended 
a fortune of 20,000/L, and when his patents were completed, toe leading iron masters 
L of the country contracted to pay him 10s. a ton for their use, so that he would note 
only have beat repaid, but munificently rewarded, had he not unfortunately connected 
himself with a man named Adam Selnooe, chief dark of the Navy Pay Offioe, who 
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proving to bq * definite?, committed suicide, having previously destroyed the patents 
and the agreements with ironmasters belonging to his partner, Henry Cort Upon 
the death of Sellicoe, the premises, stock, and entire effects of Cort were sold by a 
summary process obtained by the Navy Pay Office, and the unfortunate man was thus 
completely rained. 

The puddling furnace is of the reverberatory form. It is bound generally with iron, 
as represented m the side view.jgy. 1084, by means of horisontal and vertical bars, 



which are joined together and fixed by wedges, to prevent them from starting 
asunder. Very frequently, indeed, the reverberatory furnaces are armed with cast 
iron plates over their whole surface. These are retained by upright bars of cast iron 
applied to the side walls, and by horisontal bars of iron, placed across the arch or 
roof! The fhrnace itself is divided interiorly into three parts ; the fireplace, the 
hearth, and thecae. The fireplace varies from to 4£ feet long, by from 8 feet 8 
inches to 3 feet 4 inches wide. The door-way, by which the coke is charged, is 
8 inches square, and is bevelled off towards the outside of the fhrnace. This opening 
consists entirely of cast iron, and has a quantity of coal gathered round it. The bars 
of the fire grate are movable, to admit of more readily clearing them from ashes. 

Fig. 1025 is a longitudinal section referring to the elevation,^. 1084, and fig. 1086 



is a ground plan. When the fhrnace is a single one, a square hole is left in the side 
of the fireplace opposite to the door, through which the rakes are introduced, in 
order to be heated. , 

a is the fire-door; b , the grate; c, the fire-bridge; dd, cast iron hearth-plates, 
resting upon oast iron beams e e n which are bolted upon both sides to the cast iron 
binding plates of the fhrnace. /is the hearth covered with cinders or sand ; g, is the 
main working door, which may be opened and shut by means of a lever /, and chain 
to move it up and down. In this large door there is a hole 5 inches square, through 
wffich the iron may be worked with the paddles or rakes ; it may also be dosed auw 
tight There is a second working door A, near the floe, for introducing the east iron. 
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10 that it may soften slowly, till it be ready for drawing towards the bridge, <■ iathe 
chimney, from SO to 50 feet high, which receives commonly the flues of 'two fomaoes, 
each provided with a damper plate or register. Fig. 

1027, shows the main damper for the top of the com- 
mon chimney, which may be opened or shot to any 
degree by means of the lever and chain. Kfig. 1025, 
is the tap or floss hole for running off the slag qp 
cinder. c 

The sole is sometimes made of bricks, sometimes . 
of east iron. In the first case it is composed of fire- 
bricks set on edge, forming a species of flat vault It 
rests immediately on a body of brickwork either solid 
or arched below. When it is made of cast iron, which 
is now beginning to be the general practice, it may 
be made either of one piece or of several It is commonly in a singh piece, which, 
however, causes the inconvenience of reconstructing the fornace entirely when the 
sole is to be changed. In this case it is a little hollow, as is shown in the preceding 
vertical section ; but if it consists of several pieces, it is usually made flat 

The hearths of east jpon rest upon cast iron pillars, to the number of four or five ; 
which are supported on pedestals of cast iron placed on lav(Je blocks of sftme. Such an 
arrangement is shown in the figure, where also the square hole a, fig. 1025, for heating 
the rake irons, may be observed. The length of the hearth is usually 6 feet ; and its 
breadth varies from one part to another. Its greatest breadth, which is opposite the 
door, is 4 feet In the furnace, whose horiiontal plan is given above, and which pro- 
duces good results, the sole exhibits in this part a species of ear, which enters into 
the mouth of the door. At its origin towards the fireplace, it is 2 feet 10 inches 
wide ; from the fire it is separated, moreover, by a low wall of bricks (the firebridge) 
10 inches thick, and from 3 inches to 5 high. At the other extremity its breadth is 
2 feet The curvature presented by the sides of tie sole or hearth is not symmetrical; 
for sometimes it makes an advancement, as is observable in the plan. At the ex- 
tremity of the sole farthest from the fire, there is a low rising in the bricks of 24 
inches, called the altar, for preventing the metal from running out at the floss hole 
when it begins to fase. Beyond this shelf the sole terminates in an inclined plane, 
which leads to the floss, or outlet of the slag from the furnace. ThisJfaM is a little 
below the level of the sole, and hollowed out of the basement of the chimney. The 
slag is prevented from concreting here, by the flame being made to pass over it, in its 
way to the sunk entry of the chimney ; and there is also a plate of cast iron near 
this opening, on which a moderate fire is kept up to preserve the fluidity of the sconce, 
and to burn the gases that escape from the furnace, as also to quicken the draught, 
and to keep the remote end of the furnace warm. On the top of this iron plate, and 
at the bottom of the inclined plane, the cinder accumulates in a small cavity, whence 
it afterwards flows away ; whenever it tends to congeal, the workman must clear it 
out with his rake. 

The door is a cast iron frame filled up inside with fire-bricks ; through a small bole 
in its bottom the workmen can observe the fctate of the furnace. This hole is at other 
times shut with a stopper. The chimney has an area of from 14 to 16 inches. 

The hearth stands 8 feet above the ground. Its arched roof, only one bqjck thick, 
is raised 2 feet above the fire bridge, and above the level of the sole, taken at the 
middle of the furnace. At its extreme point near the chimney, its elevation is only 
8 inches ; and the same height is given to the opening of the chimney. Hie sole is 
covered with a layer of finely pounded cinders from previous workings mixed with 
mill cinders ; formerly the bottoms were of sand, by which great loss of iron was oc- 
casioned, and the metal obtained of inferior quality. 4 

The fine metal obtained by the coke is puddled by a continuous operation, which 
calls for much care and skill on the part of the workmen. To charge the puddling 
furnace, pieces of fine metal are successively introduced with a shovel, and laid one 
over another on the sides of the hearth, in the form of piles rising to the roof ; the 
middle being left open for puddling the metal, as it is successivelyfosed. Indeed, the 
whole are kept as for separate as possible, to give free circulation to the air round the 
piles. The working door of thfe faraace is now dosed, foqji is laid on the grate, and 
the mouth of the fireplace, as well as the side opening of the grate, are both filled up 
with coal, at the same time that the damper is entirely opened. 

The fine metal in. about twenty minutes comes to a white-red heat, and its thin 
edged fragments begin to melt and fall in drops on the sole of foe fornace. At this 
period foe workman opens the small hole of the furnace door, detaches with a rake 
foe pieces office metal that begin to melt, tries to expose new snr&oes to foe aotibn 
of foe heat, and in order to prevent foe metal from running together as it softens, he 
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removes it from the vicinity of the fire bridge. When the whole of the fine metal has 
thus got reduced to a pasty condition, he most lower the temperature of the furnace 
to prevent it from becoming more fluid. He then works about with his paddle the 
dotty metal which swdls up, exhibiting a kind of fermentation occasioned by the 
discharge of carbonxo oxide, horning with a bine flame as if the bath were on fire. 
The metal becomes finer by degrees and less fosible, or, in thelanenage of the work- 
men, it begins to dry. The duengagement«of carbonic oxide diminishes and soon 
stops. The workman £ontmues meanwhile to paddle the metal till the whole charge 
is reduced to the state of incoherent sand ; the register is then progressively opened. 
With the return of heat the particles of metal begin to agglutinate, die charge be- 
comes more difficult to raise, or, in the labourer's language, it words heavy. The 
refining isnow finished, and nothing remains but to gather the iron into balls. The 
puddler with his paddle takes now a little lump of metal as a nucleus, and makes it 
roll about on thejurfroe of the furnace, so as to collect more metal, and form a ball 
of about 60 or 70 lbs. weight With a kind of rake called in England a dolly , and 
which he heats beforehand, the workman sets this ball on that side of the fornaee 
moat exposed to the action of the heat in order to unite its different particles, which 
lie then (squeezes together to force out the scoria. When all the balls are fashioned, 
the small opening of the working door is closed with brick to cafcse the heat to rise, 
and to facilitate theVelding. Each ball is then lifted out either with the tongs, 
if roughing rollers are to be used, as in Wales, or with an iron rod welded to the lump 
as a handle, ifthe hammer is to be employed, as in Staffordshire. It is usual to in- 
troduce a fresh charge when the portion under operation has' arrived at the pasty con- 
dition | when this is done, the entire process is effected in about hour. 

The charge for each operation is from 4 cwts. to 4} cwts. of refined metal, and 
sometimes the cuttings of bar ends are introduced, which are puddled apart The loss 
of iron is here very variable, according to the degree of skill in the workman, who by 
negligence may suffer a considerables body of iron to scorify or to flow into the 
hearth and raise the bottom. Taking the average of 8ft furnaces for 22 years* work- 
ing Mr. Truran finds the consumption of refined metal to produce one ton of paddle 
ban to be 21 cwt. 1 qr. 20 lbs. The consumption of coal is likewise subject to varia- 
tion. With coal of good quality, and suitable for reverberatory furnaces, the ton of 
puddled ban is produced with a consumption of from 12 to 15 cwt. ; but, if the coal 
be of the anthracitic character, from 18 cwt. to 1 ton will be required. About five 
puddling furnaces are required for the service of one smelting furnace and one refi- 
nery. Each furnace, with good workmen, turns out about 28 tons of paddled ban 
weekly. 

The cast iron bottom and sides of the puddling furnace are kept cool by currents of 
air, or, in those portions exposed to the greatest heat, by water. The cinders of the 
charcoal finery are much esteemed for lining the bottom. When melted into one 
uniform mass, with the addition of oxide of iron, these scons form a bottom offering 
great resistance to the action of the melted metal 

Various patents have been taken out within the last four or five yean for the em- 
ployment of chemical agents to assist in the purification of iron in* the puddling 
furnace : some of these have already been alluded to. One of the latest is that of 
M. Charles Panvert of Chatellerault, who proposes to employ a cement composed of 
the following substances : — oxide of iron, 14 parts; highly aluminous clay, SO parts; 
carbonate of potash, 1 part ; carbonate of soda, 1 jiart The iron is to be placed with 
the cement in layers, and heated in the furnace in the ordinary manner. After ce- 
mentation it ia welded, and then drawn into bars ; it is stated to become thus as soft 
and tenacious as iron made from charcoal Schafhmnlt’s compound, for which a 
patent was secured in 1835, is said by Overmann to furnish very satisfactory results, 
and where competent workmen are employed, a good furnace is said to make a beat in 
two hours, producing neither too much nor too little cinder in the fornaee. The com- 
pound consists of common salt, 5 parts ; oxide of manganese, S parts ; fine white plastio 
clay, 2 parts. The pig is heated as in common operations. It is melted down by a 
rapid heat, the damper is closed, and the cinder and metal diligently stirred. In the 
meantime the above mixture, in small parcels of about half a pound, is introduced in 
the proportion of one per cenf. of the iron employed ; if, after this, the einder does 
not rise, a hammer slag (rolling mill einder) may be applied. 

The 11 BoUina” process.— In this operation, which was the invention of Mr. Joseph 
Hall, pig iron u converted into malleable iron without the intervention of the refinery, 
and without any excessive waste : it is, therefore, of great value, especially as it 
allows of the use of better qualities of pig iron than those usually employed. The 
construction of the "boiling" fornaee does not materially differ from^ that of the 
44 puddling ** fornaee, except in the depth of the hearth, that is, in the distanee from 
the work plate below the door to the bottom plate, which, in the former, ia double, or 
Vol. IL SB 
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■early so, that of the latter. In the puddling furnace the distance between the bottom 
and top seldom exceeds twenty inches, while in the boiling furnace it varies from 
twenty to thirty. In puddling the fhraace is charged with metal alone, but in boiling 
cinder is charged along with the metal, and the temperature rises much higher. The 
bottom of the fhraace is covered with broken cinders from previous workings, or 
with the tap cinder from the puddling ftiraace, which has been sutjected to a process 
of calcination in kilns ; this material, whjph constitutes an admirable protection to the 
iron plates of the furnace, is called by the workmen “bull dor ; " its preparation was 
patented by Mr. Hall in 1889. It is made in the following manner : the tap cinder 
from the puddling fhraace is placed in layers in a kiln, and so arranged that a 
draught shall pass through from the fire holes on one side to those on the other ; the 
kiln is filled up to the top with broken cinders, and over the whole is laid a layer of 
coke ; about the third or fourth day, the more fusible part of the cinder begins to run 
out of the bottom holes, leaving in the kiln a fine rich porous silicate, of iron, which is 
the substance used for lining the boiling furnace, the fluid portion being injected. 
In 8 or 10 hours the “ bull dog ” is melted by the intense heat of the fhraace, covering 
the bottom, and filling up all the interstices in the brickwork ; the heat is now some- 
what lowered by diminishing the draught, and the charge of pig (from 8} to cwts) 
introduced in fragments of a convenient and uniform siau, together with 30 or 40 lbs. # 
of cinder ; the doors of the furnace are now closed, and all accesrf of cold atmospheric ' 
air prevented, throwing fine cinder or hammer slag round the crevices, and stopping 
up the work hole with a piece of coal. In about a quarter of an hour the iron begins 
to get red-hot ; the workman then shifts the pieces bo as to bring the wholo to a state 
of uniformity as regards heat In about half an hour the iron begins to melt ; h is 
constantly turned over, and at intervals of a few minutes cinder is thrown in; the sur- 
face of the mass is sera to be covered with a blue flame; it soon begins to rise ; a kind 
of fermentation takes place beneath the surface, and the mass, at first but 2 inches 
high, rises to a height of 10 or 12 inches, and enters into violent ebullition. During 
the time that this 11 fermentation ” is taking place, constant stirring is required to pre- 
vent the iron from settling on the bottom. The boiling lasts about a quarter of an 
hour ; after which the cinder gradually siuks, and the iron appears in the form of 
porous spongy masses of irregular size, which are constantly stirred to prevent their 
adhering together in large lumps, to facilitate the escape of the carbon, and to sepa- 
rate the cinder which, when the operation has been successfully conducted, flows over 
the bottom apparently as liquid as water. The iron is now M balled up,” as in the 
operation of puddling, The objections to the boiling process are: the wear and tear 
in the furnace which occurs in treating grey pig iron, particularly that of the more 
fluid description ; the slowness of the operation, and the amount of manual labour 
which it entails to produce good results. In some works the crude iron is run di- 
rectly into the boiling furnace from the blast furnace, by which mnch saving of coal 
is effected, and a product of a more uniform quality obtained ; bat the labour of the 
workman becomes more oppressive from the additional heat to which he is sutgected 
from the close proximity of the blast furnace. Ironmasters are not agreed as to the 
respective merits of the M boiling” and “ puddling ” systems; some maintain that the 
former is more economical than the latter, which involves “ refining; ” others think 
that boiling iron has a tendency to communicate to it the “ red short ” quality. Ac- 
cording to the observations of Mr. Trnran, in several works where both fiiethods are 
employed, the largest quantity of iron is first passed through the refinery. 

Mr. Hall, the inventor of the boiling system, in descanting on the merits of his pro- 
cess, describes how, with the same pig, the iron may be made weak and cold short ; 
or tough, ductile, and malleable. For the first proceed this : — Pass the pig through 
the refinery, then puddle agreeably to the old plan on the sand bottom ; that is, melt 
it a* cold as possible ; drop the damper quite close before the iron is all melted, dry the 
iron as expeditiously as may be, with a large quantity of water; and, lastly, proceed 
to ball in a proper number of 44 young” balls ; the result will be a very inferior quality 
of manufactured iron. On the other hand, to produce a malleable iron of very superior 
quality, first chaige the fhraace with good forge pig iron, adding, if required, a 
sufficiency of flax, increasing or diminishing the same in proportion to the quality 
and nature of the pig iron used. Secondly, melt the iron to a boiling consistency. 
Thirdly, clear the iron thoroughly before dropping down the damper. Fourthly, 
keep a plentiful supply of fire upon the grate. Fifthly, regulate the draft of the 
fhraace by the damper. Sixthly, work the iron into one mass, before it is divided 
into balls ; when thus in balls, take the whole to the hammer as quickly as possible, 
after whieh roll the same into bars. The bars being cot into lengths, and piled to 
the desired weights, are then heated in the mill fhraace, welded and compressed by 
passing through the rolls, and thus finished for the market In this way, from the pig 
to the finished mill bar, one entire process that of the refineiy, is saved. Mr. Hail 
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states that, by hit process, he can obtain malleable iron of any character (premising 
that the ores from which the pig is smelted are of good quality), from the softness a i 
lead to the hardness of steel, and farther that he can exhibit different qualities in the 
same bar, one end being crystalline, nearly as brittle as glass, the other end equal to 
the best iron that can be produced far fibre and tenacity, while the middle exhibits a 
character approximating to both ; and as a farther illustration of the excellence of die 
iron that may be made by the “ pi| boiling* process, he refers to a specimen in the 
Geological Museum, Jermyn 8treet, London, labelled “ Specimen of two and a 
quarter inch round Iron, tied cold, manufactured at the BloomHeld Iron Works, 
Tipton, Staffordshire." This specimen has been called a “ Staffordshire knot," it was 
made from a bar two inches and a quarter in diameter, and nearly seven inches in 
circumference ; also to a “ Punched Bar," half inch thick, made at one process far the 
smithy, commencing with a half inch punch, and terminating with one six and a half, 
without exhibitjpg die slightest fracture. 

Mr. Hall was led to the discovery of the M boiling " principle, by noticing the 
exceedingly high fusion which took place on subjecting puddling furnace slag to a 
high degree of heat, and the excellence of the bloom of iron produced by the opera- 
tion : it occurred to him, that if such good iron could be made from cinder alone, a 
very superior product ought to be obtained from good pig iiftn, with equally good 
fluxes, and the resiftt of experiments fully answered his expectation, though far a long 
time he was unable to make his discovery practically useful, on account of the diffi- 
culty of getting furnaces constructed capable of rendering the intense heat required 
and the corroding action of the fluxes. Puddling furnace* were then made of brick 
and clay, with sand bottoms. He succeeded at last by lining the interior of the furnace 
w : th iron, and protecting them with a coating of prepared tap cinderB. 

In America, the “ puddling " and “ boiling ” processes are both in use. Overman 
gives preference to the latter as being the most profitable, but it can only be em- 
ployed to a limited extent for lack oft cinder ; in a rolling mill forge, therefore, half 
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the furnaces are employed far boiling, and half for puddling, the latter supplying 
cinder far the former. In the eastern states where the fael is anthracite, double 

puddling furnaces are em- 
ployed and a blast is used, the 
1 ncombustibility of this variety 
of coal rendering it impos- 
sible to get the requisite neat 
by merely the draught of the 
chimney. Fig. 1028 represents 
an anthracite furnace bisected 
vertically through the grate, 
hearth, and chimney. Itdiffers 
from the ordinary puddling 
furnace chiefly in the greater 
depth of the grate, which is 
made to contain from twenty 
to twenty-faur inches of coal, 
and "in the lesser height of the chimney^ which, as a blast is employed, need only 
b i sufficiently high to carry the hot gases out of the farnace ; the letters tz, a, a, a, 
a indicate the position of tbe iron cross binders, which serve to bind together the 
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east iron plates of the enclosure, and to prevent the sinking of the roof from the 
expansion and contraction of the brickwork. 

The blast machines are fans, the best form of which is shown in do. 1029. (Oner- 
Mom) The wings of this frn are encased in a separate box j a wheel is thus formed, 
which rotates in the outer box, the figure shows a horiaontal section through the axis. 
The wings are thus connected, and form a closed wheel, in which the air is whirled 
round, and thrown out at the periphery! The Inner case, which revolves with the 
wings, is fitted is closely as possible to the outer case, at the centre near a, a, a, a. 
The speed of the wings is sometimes as much as 1800 revolutfbni per minute. The 
motion of the axis is produced by means of a leather or india-rubber belt and a pulley. 
This variety of fim is usedat the puddling furnaces at Ebbw vale, where the foel is 
small coaL 

Fig. 1080 la a horiaontal section of the double anthracite puddling fornace. The 



grate measures 3 feet by ff. The width of the fornace externally is from 5 J to 6 feet 
The hearth is usually 6 feet in length It hasrfwo work doors, one directly opposite 
the other. Two sets of workmen are required therefore at foe same time ; double 
foe quantity of metal is charged, and foe yield is twice that of a single fornace ; foe 
economy is in foe room, fuel and labour; one good puddler only being required to 
manage the operation. Double puddling furnaces are also used in several works in Eng- 
land, but as Mr. Trnran observes, foe economical advantages attending them m 
point of foel are lost if foe peddlers do not work well to time : they must bring their 
heats to the respective stages simultaneously, for if one is kept waiting for a short 
period by the other, the loss in iron more than balances foe reduced consumption 
of coal. This difficulty of obtaining men who will work well in concert has 
operated against the use of foe double furnace, which would otherwise certainly 
supersede foe single ; as, combined with foe process of running foe iron in liquid from 
foe blast fornace, foe consumption of foel is under foe one half of foe quantity 
demanded with single fomaces. 

Puddling fornaees are sometimes constructed with what are called “ water boshes. 9 * 
The health is surrounded with heavy cast iron plates, in which is formed a passage of 
an inch or an inch and a half bore, through which a current of eold water is caused 
to flow, foe object being to protect foe fornace from the destructive action of foe heat 
and cinder. Overman found such fornaees to work well with fosible metal such as is' 
produced from a heavy burden on foe blast furnace, or from ores containing phos- 
phorus ; but with iron requiring a strong heat, snch as results from a light burden on 
the blast fornace, or when it contains impurities firmly and intimately combined, 
puddling fornaees with cooled boshes failed to make good malleable iron. 

We do not know whether foe iron manufheturers in England will assent to foe fol- 
lowing proposition laid down by foe American metallurgist, via. “ That foe smaller 
the amount of coal consumed, or the lower the temperature of the hearth in foe blast 
fornace, foe better will be the quality of foe metal) that ii, the more fit it will be- 
come for improvement in the puddling fornace. The advantage of heavy burden in 
the blast fornace, is not only that it reduces the first cost of foe metal, but makes a 
far superior article for subsequent operations. The worst cold short, or sulphurous 
metal, smelted by a low heat, is quite as good as foe best metal from the best ore 
smelted by a high temperature.** Whatever may be thought of the latter part of 
this quotation, no iron manufacturer will deny that ckreful attention to the blast 
fornace is foe best security of success in foe puddling fornace, and that a access in 
foe one is in p r o portion to the economy observed In relation to the other. See 
PunnuNO bt Michiotbet. 

In foe antamn of 1856 the attention of ironmaster! was powerfully excited by a 
+ proposal from Mr. Bessemer to manufacture malleable iron and steel from crude iron, 
without fiuL The first experiment was only partially successful, but Mr. Bessemer, 
eonscious of the correctness of his principle, pursued his investigations with undi- 
minish ed seal, and foe result is that he is rewarded by the most derided success. See 
Steel. t< 
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One of the objections urged against the Bessemer preoess was that the high tem- 
perature to which the iron was subjected destroyed its fibrous character. 

It is more than probable that iron containing only 0*05 per cent of carbon h as 
almost lost the property of becoming fibrous by any treatment ; for without going so 
fhr as to assert that the development of fibre depends on the presence of carbon, or that 
carbon, exercises a specific function in bringing about this molecular condition of the 
iron, analysis shows $at the toughest and most flexible ter iron contains a far larger 
quantity of carbon than that above indicated, as will be seen by the allowing analyses 
by Gay-Lussac, Willson, Karsten, and Bromeis. 


Amount of Carton in Bar Iron. 

Best ter iron from Sweden ........ 

H *1 - 

Bar iron from Creusat 

Bar iron from Champagne 

Bar iron from Berry ---------- 

Cold abort bpr iron from ]£ o*elle - - - - - • 

Soft bar iron analysed by Karsten 

Hard ter iron by Karsten --------- 

Three different varieties produced from white pig iron by the Swabian 
method of refining, analysed by Bromeis ------ 

Three different varieties produced from white pig iron by the Swabian 
method of refining, analysed by Bromeis ------ 

Three* different varieties produced from white pig iron by the Swabian 
method of refining, dnalysed by Bromeis ------ 

Three varieties produced from various kinds of pig iron by the Magde- 
sprung method of refining - - - 


Carbon. 

0*293 

0*240 

0*159 

0*193 

0*162 

0144 

0*200 

0*500 

0*318 

0*354 

0*40 

0-324 


Machines for forging and condensing iron. — To prepare the puddle balls for the 
rolling mills, they have to undergo the process “ shingling ; M or “ blooming ; ” this is 
effected either by the hammer or by the squeezer: the latter has almost entirely 
superseded the former, as it effects the object at less cost, though, perhaps, with hardly 
such good results as to quality. These mechanisms are moved either by steam 
engines or by water-wheels. We shall offer some details concerning them. 

The main driving shaft usually carries at either end a large toothed wheel, which 
communicates motion to the different machines through smaller toothed wheels. Of 
these there are commonly six, four of which drive four different systems of cylinders, 
and the two others work the hammer and the shears. The different cylinders of an 
iron work should never be placed on the same arbor, because they are not to move to- 
gether, and they must have different velocities according to the diameter. In order to 
economise time and facilitate labour, care is taken to associate on one side of the 
motive machine the hammer, the shears, jand the reducing cylinders, and on the 
other side, to place the several systems of cylinders fbr drawing out the iron into 
liars. For the same reason the puddling furnaces ought to be grouped on the side of 
the hammev and the reheating furnaces on the other side of the works. 


1031 6. 
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The hammers, fig. 1031, are made entirely of east iron j they are nearly 10 feet long 
and oonsist usually of two parts, the helve c, and the head or pane a, The lattef 
enters with friction into the former, and is retained in its place by wedges of iron or 
wood. The head consists of several feces or planes receding from each other, for 
the purpose of giving different forms to the ball laps pa. A ring of oast iron a, called 
the cam-ring bag, bearing movable eamavft 3, drives the hammer 4 by lifting it up 
round its fotorum/ and men letting it fell alternately* In on% iron work, this ring 
was found to be Sreet in diameter, 18 inches thick, and to weigh 4 tons. The weight 
of the helve (handle) of the corresponding hammer was 3 tons and a hal£ and that of 
the head of die hammer 8 hundred weight* 

The anvils consists also of two parts ; the one called the pane of the anvil, is the coun- 
terpart of the pane of the hammer ; it likewise weighs 8 hundred weight The second p, 
named the stock of the anvil, weighs 4 tons. Its form is a parallelepiped, with the 
edges rounded. The bloom or rough ball, from the puddle furnace, is laid and turned 
about upon it, by means of a rod of iron welded to each of them, called a porter. Since 
the weight of these pieces- is very great, and the shocks very considerable, the utmost 
precautions should betaken in setting the hammer and its anvil upon a substantial 
mass of masonry, as snown in the figure, over which is life a double, or even quadruple 
flooring of wood, formed of beams placed in transverse layers close to each other. Such 
beams possess an elastic force, and thereby partially destroy the usurious reaction of the 
•hock. In some works, a six-feet cube of cast iron is placed as a pedestal to the anvil 
Forge hammers are very frequently mounted as levers of the first kind, with the 
centre of motion abont one- third or one-fourth of the length of the helve from the cam 
wheel. The principle of this construction will be understood by inspection of fig, 1038. 
The short end of the lever which is struck down by the tappet c, is driven against the 
end of an elastic beam a, and immediately rebounds, causing the long end to strike a 
harder blow upon the anvil a. * 

Fig. 1032 is the German forge-hammer ; to the left of 1, is the axis of the rotatory 

cam, 2, 3, consisting of 8 sides, 
each formed of a strong broad bar 
of cast iron, which are joined to- 
gether to make the octagon wheel 
4, 5,6, are cast-iron binding rings 
or hoops made fast by wooden 
wedges; b 9 b, are standards of the 
frame work e, /, m, in which the 
helve of the forge hammer has its 
fulcram near h. A, the sole part 
of the frame. Another cast-iron 
base or sole is seen at m. n is a 
strong stay, to strengthen the 
frame- work. Atr two parallel 
hammers ore placed, with cast- 
iron heads and wooden helves, s is the anvil, a very massive piece of cast iron, t is 
the end of a vibrating beam, for throwing back the hammer from it forcibly by recoil 
x y is the outline of the water-wheel which drives the whole. The cams or tappets are 
shown mounted upon the wheel 6, g, 6. 

Squeezers are machines which condense a ball by pressure. They are either single 
or double, their construction will be readily understood from fig. 1033, which represents 



a single level sqoeeser of the simplest construction ; the bed plate a is cagt in one 
pieees it ii 8- feet long, 15 inches wide, and 12 inches high. The whole is screwed 
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down on a solid ibnndation of stone, brick, or timber : b Is the movable part, which 
makes from 80 to 90 motions per minute. The motion is imparted by the crank c, 
which in torn is driven by means of a strap and pulley by the elementary power. The 
diameter of the fly wheel is from 3 to 4 feet The anvil d is abort two feet in length 
and from 19 to 14 indies in width; it is a movable plate, at least 3 inches thick, 
which if htfnrad can be replaced bjt another ; the feee of the working part of the lever 
exactly fits the anvil, and consists of pldtes attached by means or screws. It is 
desirable to have all fliese fece plates in small parts of 8 or 10 inch^p in width, by this 
means they are secured against breaking by expansion and contraction. The whole 
machine, including the crank and everything, is made of cast iron, and weighs from 4 
to 5 tons. According to Overman this machine is both cheap and durable, and will 
aqueese 100 tons of iron per week. 

Fig. 1034 represents the double squeezer, employed at many English iron works. 
The drawing n taken from a machine at the Dowlais iron works, figured in Mr. 
Tmran’s work. Many other forms are in use. 



Fig. 1085 represents Brown's patent bloom squeezer. The heated hall of puddled 
iron x, thrown on the top ia gradually pressed between the revolving rollers as it 



descends, and at last emerges at the bottom, where it is thrown on to a movable 
“ Jacob's ladder," by which it is elevated to the rolls. This maehine effects a con- 
siderable saving of time, will do the work of 19 or 14 farnaces, and may be constantly 
going at a feeder to one or two pairs of rolls. There are two distinct forms of this 
machine ; in the one figured the bloom receives only two com pr essions; in another, 
which is much more effective it is squeezed four times before it leaves the rails 
aiA fells upon the Jacob's ladder. Another form of squeezer if shown in fig. 1086. 

A table ▲▲ with a ledge rising up from it to a height of abort 9 feet, so as to 
form an open box, is firmly imbedded in masonry ; within this ia a revolving box, 0 , 
of si mi lar character, much smaller than the last, and placed ecoentrically in regard to 




744 


IRON. 


it The ball or bloom d is placed between the inneraost revolving box® and the outer 
ease ▲▲where the space between them is greatest and is carried round till it emerges 
at a, com pre sse d and fit tor the rolls. * 

Cylinder*. — The compression between cylinders 
now effects, in a few seconds, that condensation and 
distribution of the» fibres, which 40 years ago could 
not be accomplished till after many heats in the fer- 
naee, and many blows of the hanjner. The cylinders 
may be distinguished into two kinds : 1, those which 
serve to draw oat the ball, called puddling roOe , or 
roughing rolls, and which are, in feet reducing cylin- 
ders; 8, the cylinders of extension, called rmrt, for 
drawing into bars the massive iron after it has re- 
ceived a welding, to make it more nfelleable. This 
second kind of cylinders is subdivided into several 
varieties, according to the patterns of bar iron that 
are required* These may vary from 8 inches square 
0 to less than one-sixth of ^n inch. 

Beneath the cylinders there is usually formed an oblong fosse, info which the scoria* 
and the scales fell when the iron is compressed. The sides of this fosse, constructed of 
stone, are founded on a body of solid masonry, capable of supporting the enormous 
load of the cylinders. Beams of wood form in some measure the sides of this pit, to 
which cylinders may be made fest, by securing them with screws and bolts. Massive 
bars of cast iron are found, however, to answer still better, not only because the up- 
rights and bearers may be more solidly fixed to them, but because the basement of 
heavy metal is more difficult to shatter or displace, an accident which happens fre- 
quently to the wooden beams. A rill of water is supplied by a pipe to each pair of 
cylinders, to hinder them from getting hot ; as Also to prevent the hot iron from ad- 
hering to the cylinder, by cooling its sur&ce, and perhaps producing on it a slight 
degree of oxidisemeut 

The shafts are 1 foot in diameter for the hammer and the roughing rolls ; and 
6 inches where they communicate motion to the cylinders destined to draw the iron 
into bars. 

The roughing rode are employed either to work out the lump or ball immediately 
after it leaves the puddling furnace, as in the Welsh forges, or only to draw out the 
piece, after it has been shaped under the hammer, as is practised in most of the 
Staffordshire establishments. These roughing cylinders are generally 7 feet long, 
including the trunnions, or 5 feet between the bearers, and 18 inches diameter ; and 
weigh in the whole from 4 to tons. They contain from 5 to 7 grooves, commonly 
of an elliptical form, one smaller than another in regular progression, as is seen in Jig. 
1037. The small axis of each ellipse, as formed by the union of the upper and under 
grooves, is always placed in the vertical direction, and is equal to the great axis, or 
horixontal axis of the succeeding groove ; so that in transferring the bar from one 
groove to another, it must receive a quarter of a revolution, whereby the iron gets 
elongated m every direction. Sometimes the roughing rolls serve as preparatory 
cylinders, in which case they bear towards one extremity rectangular graves, as the 
figure exhibits. Several of these large grooves are bestudded with small asperities 
analogous to the teeth of files, for biting the lump of iron, and preventing its sliding. 
On alevel with the under side of the grooves of the lower cylinder, there is a plate of 
cast iron with notches in its edge adapted to the grooves. This piece, called the apron, 
rests on iron rods, and serves to support the balls and bars exposed to the action of 
the rollers, and to receive the fragments of ill-welded metal, which fell off during the 
drawing. The houeina frame* in which the rollers are supported and revolve, are 
made of great strength. Their height is 5 feet ; their thickness is 1 foot in the side 
perpendicular to the axis of the cylinders, and 10 inches in the other. Each pair of 
bearers is connected at their upper ends by two iron rods, on which the workmen rest 
their tong* or pincers for passing the lump or lor from one side of the cylinders to the 
other. 

The cods or bushes are each composed of two pieces ; the one of hard brass, which 
presents a cylindrical notch, is framed into the other which is nied o of cast iron, as is 
clearly seen in Jig. 1087. « 

The iron bar delivered from the square grooves, is eut by the shears into short 
lengths, which are collected in a bundle in order to be welded together. When this 
bundle of bars has become hot enough in the flxrnaoe, it is conveyed to the rollers, 
which differ in their arrangement ‘according as they are meant to draw iron from a 
Urge or small piece. The first, Jig. 1037, possess both elliptical and rectangular 
grooves; are 1 foot in diameter sad 3 feet long between the bearers. The bar u not 
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finished under these cylinders, hot is transferred to another pair, whose grooves have 
the dimensions proper for the bar, with a round, triangular, rectangular, or fillet 
form. The triangular grooves made use of for square iron, have for their profile an 
isosoeles triangle slightly obtuse, so that the space left by the two grooves together may 
be a rhombus, differing little from a square, and whose smaller diagonal is vertical. 
When the bar is to be passed suoaemvely through several grooves of this kind, the 
larger or horisontal diagonal of each following groove is made equal to the smaller or 
upright of the preceding one, whereby the iron must be turned qpe fourth round at 
each successive draught, and thus receive pressure in opposite directions. Indeed the 
bar is often turned in succession through die triangular and rectangular grooves, that 
its fibres may be more accurately worked together. The decrement in the capacity 
of the grooves follows the proportion of 15 to 11. 

When it is intended to reduce the iron to X037 


a small rod, tie cylinders have such a dia- 
meter, that three may be set in the same 
housing frame. The lower and middle 
cylinders are employed as roughing rollers, 
while the upper and mid<ye ones are made 
to draw out the red. When a rod or bar is 
to be drawn with a channel or gutter in its 
face, the grooves of the rollers are suitably 
formed. 

To draw out square rods of a very small 
sise, as nail-rods, a system of small rollers 
is employed, called slitters. Their ridges 
are sharp-edged, and enter into the opposite 
grooves a£ inches deep ; so that the fiat bar 
m passing between such rollers it instan- 
taneously divided into several slips. For 
this purpose the rollers represented in Jig. 
1038, may be put on and removed from the 
shaft at pleasure. 

1038 


The vdocity of the cylinders varies with 
their dimensions. In one work, cylinders 
for drawing out iron of from one-third to 
two-thirds of an. inch thick, make 140 re- 
volutionseper minute ; while those for iron 
of from two-thirds of an inch to 3 inches, 
make only 65. In another work, the 
cylinders for two inch iron, make 95 revo- 
lutions per minute { those for iron from two- 
thirds of an inch to an inch and a third* 
make 128; and those for bars from one-third 
to two-thirds of an inch, 150. The rough - 
i*g rollers move with only one-third the 
velocity of the drawing cylinders. 

The shingling and plate rolling mill is 
represented m fiL 1037. The shingling mill, 
for converting the blooms from the telling 
ftimaoe into bus, consists of two sets of 
grooved cylinders, the first being called 
puddling roll* or roughing rolls p the second 
are for reducing or drawing the iron into 
mill-bars, and are called simply rolls. 

& 0 , 0 , a, are the powerful uprights or 
s t an d ards called housing fronts, of cast iron, 
in which the gudgeons of the rolls are set to 
revolve ; 6, 6,6,6, are bolt rods for bind- 
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tag these frames together at top and bottom j c, are the roughing roDi, having each a 
leriee of triangular gro ove ^ snob that between those of the upper and under cylinder, 
rectangular concavities are formed in the circumference with slightly sloping sides. 
The end groove to the right of c, should be channelled like a rough file, m order to 
take the better bold of the blooms, or to bite the metal as the workmen say ; and give 
it the preparatory elongation for entering into add passing through the remaining 
grooves till it eoxnes to the square ones, where it becomes a mill-bar. d, </, are fee 
smooth cylinders, hardened upon the surfece, or eh tiled, as it is cfilled, by being cast in 
iron moulds for rolling iron into plates or hoops, e, 4 4 4 are strong screws with 
rectangular threads, which work by means of a wrench or key, into the nuts s' s' a 7 s', 
fixed in the standards ; they serve to regulate the height of the plummer blocks or 
bearers of the gudgeons, and thereby the distance between the upper and under 
cylinders. / is a junction shaft \ g % g, g, are solid coupling boxes, whiqh embrace the 
two separate ends of the. shafts, and make them turn together. A, A, are junction 
pinions, whereby motion is communicated from the driving shaft f 9 through the 
under pinion to the upper one, and thus to both upper and under rolls at once, i, s, 
are the pinion standards in which their shafts run ; they are smaller than the up- 
rights of the rolls. A; A, are screws fer fastening the her! pieces l to the top of the 
pinion standards. All the standards are provided with sole plates id, whereby they are 
screwed to the foundation beams n of wood, or preferably iron, as shown by the 
dotted lines 5 0, 0, are the binding screw bolts. Each pair of rolls at work is kept 
cool by a small stream of water let down upon it from a pipe and stop-cock. 

In the cylinder drawing, the workman who holds the ball in tonga passes it into the 
first of the elliptical grooves, and a second workman, on the other side of the 
cylinders, receives this lump and hands it over to the first, who repasses it between 
the rollers after bringing them somewhat closer to each other by giving a turn to the 
adjusting pressure screws. After the lump has nassed five or six times through the 
same groove it has got an elliptical form, and is called in England a bloom. It is next 
passed through a second groove of less sixe, which stretches the iron bar. In this 
state it is subjected to a second pair of cylinders, by which the iron is drawn into 
flat bars four inches broad and half an inch thick. Fragments of the hall or bloom 
fell round about the cylinders, which are afterwards added to the puddling charge. 
In a minute and a half the rude lump is transformed into bars with a neatness and 
rapidity which the inexperienced eye can hardly follow. A steam engine of thirty 
horse power can rough down in a week 800 tons of coarse iron. 

This iron, called mill-bar iron, is however of too inferior a quality to be employed 
in any machinery, and it is subjected to another operation, which consists in welding 
several pieces together, and working them into a mass of the desired quality. The 
iron bars, while still hot, are eat by the shears into a length proportional to the sixe of 
the iron bar that is wanted, and four rows of these are usually laid over each other 
into a heap or pile which is placed in the re-heating furnace, and exposed to a free 
circulation of heat, one pile being set crosswise over another. In a half or three 
quarters of an hour the iron is hot enough, and the pieces now sticking together are 
carried in successive piles to the bar drawing cylinders to be converted into strong 
bars, which are reckoned of middle quality. When a very tough iron is wanted, as 
for anchors, another welding and rolling must be given. In the re-heating toveni the 
loss ia from 8 to 10 per cent, on the large bar, and from 10 to 18 in smaller work. 
The consumption of coala in heating the large piles averages 7 cwts. to the ton of iron 
charged ; in the smaller sizes 10 cwts. ; and in heating the snide rolled iron 13 cwts. 

The re-heating furnace is shown in section in Jig, 1039 : it differs but little from a 
puddling fhrnace. The whole interior, with the exception of the hearth a, is made of 
1039 fire-brick j the hearth is made 

of sand. For this purpose a 
pure siliceous sand is required ; 
the coarser the better. The 
hearth slopes considerably to- 
wards the flue, the olject of 
which is to keep, the hearth dry 
and hard. The iron wasted in 
reheating combines with the 
silica of the sand, forming a 
very ftisible cinder, which flows 
off through the opening at A, 
at which there is a small fire 'to 
keep the cinder liquid. The 
thickness of the sand bottom is 
from 6 to 18 inches, resting on fire-brick: it generally requires re-making after two 
or three heats. The height of the fire-brick arch, or its distance from the sand 




IRON. 


747 

bottom, i« from 8 to IS inches. The area of the flre-plaee averages 12 fret, and (he 
width of the farnace varies from 5 to 8 feet When the piles are charged into the 
furnace (he door if shat and fine coal if dusted around its edges to exclude the cold 
air i the temperature is raised to (he highest intensity as quickly as possible, and 
the workman tarns the piles over from time to time that they may he brought to an 
uniform welding heat in the shortest possitye time 

It is thought by many (hat a purer iron is obtained by subjecting the balls as they 
come out of (he puddling furnace to the action of (be hammer at first rather than to 
the roughing rollers, as by the latter process vitrified specks remain in die metal, 
which the hammer expels. Hence in some works the balls are first worked under 
the forge hammer, and these stampings being afterwards heated in (he form of pies or 
cakes, piled over each other, are passed through the roughing mill*. 

Bars intended for boiler or tin plates are made from the best cold blast mine iron. 
The raw pig is refined in (he usual manner with coke, the loss amounting to from 
2$ to 8 cwts. per ton. It is then refined a second time with charcoal, the loss 
amounting again to from 2$ to 8 cwts. per ton. After this second refining it is beaten 
into flat plates white hot by (he tilt hammer and thrown into cold water ; the sadden 
chilling makes it more easily broken into small slabs. The sldbs are piled in heaps 
and welded in th ekollow fire, coke being the foel ; the slabs are laid across (be fire, 
and do not come into contact with the foel ; the blast is thrown under (he foel, and 
the heat is immense ; when the piles are nearly at the fusing point, they are with- 
drawn and passed under the rollers ; they are again heated m the hollow fire, then 
again rolled and heated a third time in the ordinary reverberatory fornaee, after 
which they are drawn oat into fiat bars for boiler plates, or for tin plate; the loss in 
these operations amounts to from 3$ to 4 owt per ton. About 9 heats are ac- 
complished in 12 hours, each heat consisting of 2$ cwts. of refined metal, and con- 
suming 5 baskets' of charcoal. • 

The bare intended for tin plates are repeatedly heated and rolled until of the 
requisite thinness, the plates are then cut into squares, and annealed by exposing 
them for several hoars to heat in covered iron boxes, being allowed to cool very slowly; 
this gives the plates the proper degree of pliancy. The next operation is that of 
pickling ; the plates are immersed in dilute sulphuric acid for the purpose of re- 
moving from their surfaces all oxide and dirt; after remaining in the acid for (he re- 
quisite time, they are thoroughly washed in successive troughs of water, and then 
dried in sawdust ; finally the surfaces of (he metal are prepared for (he reception 
of the tin, by rubbing them with leather upon cushions of sheepskin. The spent 
sulphuric acid is run out into evaporating pans, and the sulphate of iron crystallised 
out. In order to tin the plates, they are immersed in a bath of melted tin, the sur- 
face of which is covered with tallow or palm oil ; when sufficiently covered, they 
arc transferred to the brusher on the left hand side of the tinner ; he passes a rough 
brush rapidly over each side of the plate, whereby the superfluous tin is removed ; he 
then plunges the plate again into the tin bath, and passes it on to his left hand neigh- 
bour, who gives it a washing. The plat* passes through several hands before k is 
dried. Great skill is required in the tinning process ; nevertheless in a well-conducted 
work th^wzfffeni do not amount to more than 10 per cent; a small percentage of 
which are so bad as to require to be reworked. Great care is taken to avoid waste, 
tin being worth 150 /. per ton. A box of 225 sheets of tin plates 10 inches by 
14 consumes about 8$ lbs. of tin. See Tim Plate. 

The processes pursued in the smelting works of the Continent have frequently in 
view to obtain from the ore malleable iron directly, in a pare or nearly pure state. 
The furnaces used for this purpose are of two kinds, called in French, 1. Feux ds 
Loupes, or Forges CaUdanes \ and 2. Foumeaux d piics , or Forges AUemandes. 

In the Catalan, or French method, the ore previously roasted in a kiln is afterwards 
strongly torrefied in the forge before the smelting begins ; operations which follow in 
immediate succession. Ores treated in this way should be very fosible and very rich ; 
such as black oxide of iron, hematites, and certain spathose iron ores. From 100 
parts of ore, 50 of metallic iron have been procured, but the average product is 35. 
The fornaces employed are rectangular hearths, Jigs. 1040 and 1041, the water-blowing 
machine being employed to give (he blast See Metalluboy. There are three 
varieties of this forge; the Catalan, the Navarrese, and the Biscayan. The dimensions 
of (he first, (he one most generally employed, are as follows : 91 inohes long, in (he 
direction pfj %, 1041 ; 18$ broad, at (he bottom of (he hearth or creusei, in (be line 
A b ; and 17 inches deep ,fig. 1040. The tuyfere, gp 9 is placed 9$ inchesabove (he bottom, 
s8 that its axis is directed towards the opposite side, about 2 inches above the bottom. 
But it must be movable, as its inclination needs to be changed, according tothe stage 
of the operation, or (he quantity of the ores. It is often raised or lowered with pellets 
of cl|y; and even with a graduated circle, for the workmen make a great mystery of 
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tbit muter. The hearth is lined with a layer of brampu (loom and charcoal dust 
worked togetoerYand the ore after being roasted is sifted ; the small powder being set 
aside to be used m the course of fbe operation. The ore is piled up on the side opposite 
to toe blast hi a sharp saddle ridge, and it occupies one-third of toe fhraaoe. In toe 
remaining space of two-thirds, the charcoal is put, To solidify the small ore on toe 
hearth, it is covered with moist cinders mined with day. 



The fin is urged with moderation daring toe first two hours, toe workman being 
continually employed in pressing down more charcoal as the former supply burns 
away, so as to keep toe space fbfl, and prevent toe ore from crumbling down. By a 
blast so tempered at the beginning, the ore gets well calcined, and partially reduced in 
the way of cementation. Bnt after two hours, toe fall force of toe air is given ; 
at which period toe fission onght to commence. It is easy to see whether the torre- 
faction be sufficiently advanced, by toe aspect of toe flame, as well as of toe ore, 
which becomes spongy or cavernous ; and toe workman now completes toe fission, by 
detaching the pieces of ore from the bottom, and* placing them in front of toe tuyfere. 
When toe fine siftings are afterwards thrown upon toe top, they most be watered, 
to prevent toeir being blown away, and to keep them evenly spread over toe whole 
snrfooe of the light fuel. They increase toe quantity of toe products, and give a 
proper ftnibility to the scoria. When the scoria are viscid, the quantity of siftings 
most be diminished ; but if thin, they must be increased. The excess of slag is 
allowed to ran off by the chio or floss hole. The process lasts from five to six hours, 
after which the pasty mass is taken out, and placed under a hammer to be cat into 
lamps, which are afterwards forged into bars. 

Each mass presents a mixed variety of iron and steel ; in proportions which may 
be modified at pleasure s for by using much of the siftings, and making toe tuydre dip 
towards toe sole of toe hearth, iron is toe chief product ; but if the operation be con- 
ducted slowly, with a small quantity of siftings, and an upraised tny&re, the quantity 
of steel is more considerable. This primitive process u favourably spoken of by 
M. Brongniart The weight of the lump of metal varies from 200 to 400 pounds. 
As the consumption of charcoal is very great, amounting in the Palatinate or Rhein- 
kreii to seven timet the weight of iron obtained, though in toe Pyrenees it is only 
thrice, toe Catalan forge can be profitably employed only where wood is exceedingly 
cheap and abundant. » 

The Fonneaux it pike of toe French, or Stvck-ofen of toe Germans, resembles fig. 
575 (Copper) ; toe tuyere (not shown there) having a dip towards toe bottom of the 
hearth, where the smelted matter collects. When toe operation is finished, that is at 
least once in every 24 hours, one of the sides of toe hearth must be demolished, to 
take out the pasty mass of iron, more or less pure. This furnace holds a middle 
place in too treatment of iron, between toe Catalan forge and the cast -iron Jfosf-q/e*, 
or high-blast fiiraaces. The stuckrofim are from 10 to 15 feet high, and about 8 feet 
in diameter at the hearth. Most usually there is only one aperture for toe tuyfere and 
for working s with a small one for toe escape of the dag j on which account, toe 
bellows are removed to make way for the lifting out of the lump of metal, which is 
done through an opening left cm a level with toe sole, temporarily closed with bricks 
and potter’s day, while toe ftumace is in action. 

This outlet being dosed, and toe furnace filled with chaipoal, fire is kindled at the 
bottom. Whenever toe whole is in combustion, toe roasted ore is introduced at the 
top in alternate chargee with charcoal, till toe proper quantity has been introduced. 
The ore foils down ; and whenever it comes opposite to the tuydre toe slag begins to 
flow, and toe iron drope down and collects at the bottom of the heath into the mass or 
at*ck t and in proportion as this mass increases, thefiou -hole tor the slag and the tnyfere - 
is raised higher. When the quantity of iron accumulated in toe hearth is judged to 
be sufficient, toe bellows are s to pped, toe scoria are raked oil; toe little brick wall is 
token dem and toe mass of iron is removed by rakes and tonga This mass is then 
flattened under toe hammer into a cake from 8 to 4 i n c he s thick, and is out into^two 
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lamps, which an submitted to a new operation ; when it is treated in a peculiar 
refinery, lined with eharooal brtuqve, and exposed to a nearly horizontal blast The 
above mass seised in the jaws of powerful tongs, is heated before the tuyfere § a por- 
tion of the metal flows down to the bottom of the hearth, loses its carbon in a bath 
of rich slags or fosed oxides, and forms thereby a mass of iron thoroughly refined. 
The portion that remains in the tongs fhmishes steel, which is drawn out into bars. 

This process is employed in Cafnida for smelting a granular oxide of iron. The 
mass or ttuck amounts to from 15 to SO Hundred-weight after each operation of 24 
hours. Eight strong flien are required to lift it out, and to carry it under a large hammer, 
where it is cut into pieces of about 1 cwt each. These are afterwards refined, and 
drawn into bars as above described. These furnaces are now almost generally aban- 
doned on the Continent, in favour of ckahoal high or bhut/maees. 

Fig, 1042 represents a sc hachiqfen (but without the tuydre, which may be supposed to 
be in the usual place), and is, like all the continental 
HauU Fmsmedux, remarkable for the excessive thickness 
of its masonry. The charge is put in at the throat, near 
the summit of the octagonal or square concavity, for they 
are made of both forms. At the bottom of the hearth 
there is a dun-stone withJfts plate, for permitting the 
overflow of the slag, while It confines the subjacent fluid 
metal . as well as a tymp stone with its plate, which forms 
the key to the front of the hearth j the boshes are a wide 
fonncl, almost flat, to obstruct the easy descent of the 
charges, whereby the smelting with charcoal would pro- 
ceed too rapidly. The bottom of the hearth is con- 
structed of two large stones, and the hinder part of one 
great stone, called in German rvckstoin (back stone), which 
the French have corrupted into ntsljne. In other coun- 
tries of the Continent, the boshes are frequently a good 
deal more tapered downwards, and the hearth is larger 
than here represented. The refractory nature of the 
Harts iron ores is the reason assigned for this pecu- 
liarity. 

In Sweden there are blast-fernaces, schachtofen , 35 feet in height, measured from 
the boshes above the line of the hearth, or crauet Their cavity has the form of an 
elongated ellipse, whose small diameter is 8 feet across, at a height of 14 feet above the 
bottom of the hearth j hence, at this part, the interior space constitutes a belly corre- 
sponding with the upper part of the bodies. In other respects the details of the con- 
struction of the Swedish furnaces resemble the one figured above. Marcher relates 
that a furnace of that kind whose height was only 30 feet, in which brown hydrate of 
iron ( hematite ) was smelted, yielded 47 percent in cast iron, at the rate of 5 hundred 
weight a day, or 36 hundred- weight oue week after another ; and that in the production 
of 100 pounds of cast iron, 130 pounds of charcoal were consumed. That furnace 
was worked with forge bellows, mounted yith leather. 

The (lecarburation of cast iron is merely a restoration of the carbon to the snrfaoe 
in tracing inversely the same progressive steps as had carried it into the interior during 
the smelting of the ore. The oxygen of the air, acting first at the surface of the 
cast metal upon the carbon which it finds there, burns it : fresh charcoal, oozing 
from the interior, comes then to occupy the place of what had been dissipated ; till, 
finally, the whole carbon is transferred from the centre to the sorfhee, and is there 
converted into either carbonic acid gas or oxide of carbon t for no direct experiment 
has hitherto proved which of these is the precise product of this combustion. 

This divisibility of carbon through the whole mass of iron constitute! a movement 
by meant of which cast iron may be refined even without undergoing fusion, as is 
proved by a multitude of phenomena. Every workman has observed that steel loses 
a portion of its steely properties every time it is heated in contact with air. 

On the above principle, cast iron may be refined at one operation. Three kinds of 
iron are susceptible of this continuous process : — 1. The speckled cast-iron, which 
contains such a proportion of oxygen and carbon as with the oxygen of the sis and 
the carbon of the fuel may*produce sufficient and complete saturation, but nothing in 
excess. 2. The dark grey cast-iron. 3. The white cast-iron. The nature of the 
crude metal requires variations both in the form of the furnaces, and in the mani- 
pulations. 

Indeed malleable iron may be obtained directly from the ores by one fosion. 
This mode of working is practised in the Pyrenees to a considerable extent All the 
ores of iron are not adapted for this operation. Those in which the metallic oxide is 
mixed with much earthy matter, do not answer well j but those composed of the pure 
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black oxide, red oxide, and carbonate, succeed mooli better. To extract the metal 
from inch oree, it is sufficient to expose them to a high t e mper a ture, in contact either 
with charcoal, or with carbonaceous gases s the metallic oxide is speedily reduced. 
Bat when several earths are present, these tend continually, during the vitrification 
which they suffer, to retain in their vitreous mass the unreduced oxide of iron. Were 
such earthy ores, as our ironstones, to be put into the low furnaces called Catalan, 
through which die charges pass with great rapidity, and in which the contact with 
the fliel is merely momentary, there woula be found in the crucible or hearth merely 
a rich metallic glass, instead of a lamp of metal. • 

In smelting and refining by a continuous operation, three different Stages may be 
distinguished: — 1 . The roasting of the ore to expel the sulphur, which would be leaa 
easily separated afterwards. The roasting dissipates likewise the water, the carbonio 
acid, and any other volatile substances which the minerals may contain. 2 . The de- 
oxidisement and reduction to metal by exposure to charcoal or carburet ted vapours. 
8 . The melting, agglutination, and refining of the metal to fit it for the heavy hammers 
where it gets nerve. There are several forges iu which these three operations seem 
to be confounded into a single one, because, although still successive, they are prac- 
tised at one single heating without interruption. In other forges, the processes are per- 
formed separately, or mu interval elapses between each ««tage of the york. Three 
systems of this kind are known to exist: — 1 . The Corsican mefodl; 2 . The Catalan 
with wood charcoal s and, 8 . The Catalan with coke. 

The Muces of Corsica are a kind of semicircular basins, 18 inches in diameter, 
and 6 inches deep. These are excavated in an area, or a small elevation of masonry, 
8 or 10 feet long by 5 or 6 broad, and covered in with a chimney. This area is quite 
similar to that of the ordinary hearths of our blast-furnaces. 

The tuydre stands 5 or 6 inches above the basin, and bos a Blight inclination down- 
wards. In Corsica, and the whole portion of Italy adjoining the Mediterranean shores, 
the iron ore is an oxide similar to the specular oqn of the Isle of Elba. This ore con- 
tains a little water, some carbonic acid, occasionally pyrites, but in small quantity. 
Before deoxidising the ore, it is requisite to expel the water and carbonio acid com- 
bined with the oxide, as well as the snlphar of the pyrites. 

The operations of roasting, reduction, fusion, and agglutination are executed in the 
mine furnace. These are indeed divided into two stages, but the one is a continuation of 
the other. In the first, foe two primary operations are performed at once the reduc- 
tion of a portion of foe roasted ore is begun at foe same time that a portion of foe raw ore 
is roasted : these two substances are afterwards separated. In foe second stage, foe de- 
oxidisement of the metal is continued, which had began in the preceding stage $ it is 
then melted and agglutinated, so as to form a ball to be submitted to foe forge-hammer. 

The roasted pieces are broken down to the sise of nuts, to make foe reduction of 
foe metal easier. In executing foe first step, foe basin and area of foe furnace must 
be lined with a bnuque of charcoal dost, S, 4, or even 5 inches thick : over this brasqm 
a mound is raised with lumps of charcoal, very hard, and 4 or 5 inches high. A 
semicircle is framed round foe tuy&re, the inner radius of which is 5 or 6 inches. 
This mass of charcoal is next surrounded wjfo another pile of the roasted and broken 
ores, which must be covered with charcoal dust The whole is sustained with large 
blocks of the raw ore, which form externally a third wall 
These three piles of charcoal, with roasted and unroasted ore, are raisAl in three 
successive beds, each 7 inches thick : they are separated from each other by a layer 
of charcoal dust of about an inch, which makes foe whole 24 inches high. This is 
afterwards covered over with a thick coat of pounded charcoal. 

The blocks of raw ore which compose foe outward wall form a slope 3 the larger 
and stronger pieces are at the bottom, and foe smaller in foe upper part The large 
blocks are sunk very firmly into foe charcoal dust, to enable them better to resist the 
pressure from within. 

On the bottom of foe semicircular well formed within foe charcoal lumps, kindled 
pieces are thrown, and over these, pieces of black.charcoal *, after which foe blast of 
a water-blowing machine (prompt) is given. The fire is kept np by constantly throw- 
ing charcoal into the central well. At foe beginning of foe operation it is fornst 
down-witb wooden rods, lest it should affect foe building ; but when foe heat becomes 
too intense for the workmen to come so near the hearth, a long iron rake is employed 
for the purpose. At the end of about 8 hours, the two processes of roasting and 
redaction are commonly finished : then foe raw ore. fio longer exhales any Aimes, and 
the masted ore, being softened, unites into lumps more or less coherent 
The workman now removes foe blocks of roasted ore which form foe outer casing, 
rolls them to the spot where they are to be broken into small pieces, and pulls down 
foe bratqv* (small charcoal) which surrounds the mass of reduced ore. 

Theeecond operation is executed by cleaning foe hash, removing the slags; cover- 
ing the basin anew with 2 or 3 hrasques (coats of pounded charcoal), and piling np to 
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the right and the left two heaps of charcoal dost Into the interval between these 
conical piles two or three baskets of charcoal are cast, and on its top some cakes of 
the reduced erode metal being laid, the blast is resumed. The cakes, as they heat, 
undergo a sort of liquation, or sweating, by the action of the earthy glasses on the 
unreduced black oxide present Very nuible dags flow down through the ; and 
the iron, reduced and melted, passes finally through the coals, and mile into the slag 
h«in below. To the first puce? of cakes others are added in succession. In pro- 
portion as the slags proceeding from these run down, and the melted iron fUls to 
the bottom, the thin^lag is run off by an upper overflow or chio hale, and the reduced 
iron kept by the heat in the pasty condition, remains in the basin : all its parts get 
agglutinated, forming a soft mass, which is removed by means of a hooked pole in 
order to be forged. Each lump or bloom'ot malleable iron requires 3 hours and a half 
for its production. 

The iron obtained by this process is in general soft, very malleable, and but little 
steely. In C&sica four workmen are employed at one forge. The produce of their 
labour is only about 4 cwt of iron from 10 cwt. of ore and 20 of charcoal, mingled 
with wood of beech and chestnnt. Though their ore contains on an average 65 per 
cent of iron, only about 40 parts are extracted ; evincing a prodigious waste, which 
remains in th^c slags. § » 

The difference ‘between the Corsican and the Catalonian methods consists in the 
latter roasting the ore at a distinct operation, and employing a second one in the re- 
duction, agglutination, and refining of the metal. In die Catalonian forges,‘HK) pounds 
of iron are obtained from 300 pounds of ore and 310 pounds of charcoal; being a 
produce of only 83 per cent. It may be concluded that there is a notable loss, since 
the sparry iron ores, which are those principally smelted, contain on an average from 
54 to 56 per cent of iron. The same ores smelted in the ordinary blast furnace 
produce about 45 per cent of cast iron. 

On the Continent, iron is frequer/ly refined from the cast metal of the blast fur- 
naces by three operations, in three different ways. In one, the pig being melted, 
with aspersion of water, a cake is obtained, which is again melted in order to form 
a second cake. This being treated in the refinery fire, is then worked into a blown. 
In another system, tho pig iron is melted and cast into plates : these are melted anew 
in order to obtain crude balls, which are finally worked into blooms. In a third mode 
of manufacture, the pig-iron is melted and cast into plates, which are roasted, and 
then strongly heated, to form a bloom. 

The French fusible ores, such as the silicates of iron, are -very apt to smelt into 
white cast iron. An excess of fluxes, light charcoals, too strong a blast, produce the 
same results. A surcharge of ores wluch deranges the furnace and affords impure 
slags mixed with much iron, too rapid a slope in the boshes, too low a degree of heat, 
and too great condensation of the materials in the upper part of the furnace ; all tend 
also to produce a white cast iron. In its state of perfection, white cast iron has a 
silver colour, and a bright metallic lustre. It is employed frequently in Germany for 
the mauufacture of steel, and is then called steel floss, or lamellar floss, a title which 
it still retains, though it be hardly silver white, and has ceased to be foliated. When 
its colour takes a bluish grey tinge, and its fracture appears striated or splintery, or 
when it exhibits grey spots, it is then tty\ed Jlower floss. In a third species of white 
cast iron %e observe still much lustre, but its colour verges upon grey, and its texture 
is variable. Its fracture has been sometimes compared to that of a broken cheese. 
This variety occurs very frequently. It is a white cast iron, made by a surcharge of 
ore in the furnace. If the white colour becomes less clear and turns blnish, if its 
fracture be contorted, and contains a great many empty spaces or air-cells, the metal 
takes the name of cavernous-floss, or tender floss. The whitest metal cannot be em- 
ployed for casting. When the white is mixed with the grey cast iron, it becomes 
riband or trout cast iron. 

The German rflning forge. — Tigs. 1043, 1044, represent one of the numerous refinery 
furnaces so common in the Harts. The example is taken from the Mandslholz works, 
in the neighbourhood of Elhingerode. Fig. 1044 is an elevation of this forge, d is the 
refinery hearth, provided with two pairs of bellows. Fig. 1043 is a vertical section, 
showing particularly the construction of the crucible or hearth in the refinery forge d. 
o is an overshot water wheSl, which gives an alternate impulsion to the two bellows a b 
by means of the revolving shaft c, and the cams or tappets df eg. 

d, the hearth, is lined with cast-iron plates. Through the pipe 4 cold water may be 
introduced, under the bottom plate m, in order to keep down, when necessary, the tem- 
perature of the crucible, and fecilitate the solidification of the loupe or bloom. An ori- 
fice n,figs. 1043, 1044, called the chio (floss hole), allows the melted slag or cinder to 
flow off from the surfkee of the melted metal A copper pipe or nose piece oondnots 
the blast of both bellows into the hearth, as shown at b x 9 Jtg* 1044. 
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The snbstanee subjected to this mode of refinery is ft grey carbonaceous east iron, 
from the works of Rothehfitte. The hearth d, being filled and heaped orer with live 



charcoal, anon the side opposite to the tuydre x % fig§. 1043, 1044, long pigs of cast iron 
are laid with their ends sloping downwards, and are drawn forwards successively into 
the hearth by a hooked poker, so that the extremity of each may be plunged into 
the middle of the fire, at a distance of 6 or 8 inches from the month of the tuy&re. 
The workman proceeds in this way till he has melted enough of metal to form a loupe. 
The cast iron, on melting, frails down in drops to the bottom of the hearth ; being 
covered by the ftued slags, or vitreous matters more or less loaded with oxide of iron. 
After running them off by the orifice *, he then ^orks the cast iron by powerfhl stir- 
ring with an won rake (rmgartty till it is converted into a mass of a pasty consistence. 

During this operation, a portion of the carbon contained in the cast iron combines 
with the atmospherical oxygen supplied by the bellows, and passes off in the form of 
carbonic oxide and carbonic acid. When the lamp is coagulated sufficiently, the 
workman turns it over in the hearth, then increases the heat so as to melt it afresh, 
meanwhile exposing it all round to the blast, in order to consume the remainder of 
the carbon, that is, till the iron has become ductile, or refined. If one fusion should 
prove inadequate to this effect, two are given. Before the conclusion, the workman 
runs off a second stratum of vitreous slag, but at a higher level, so that some of it may 
remain upon the metaL 

The weight of such a loupe or bloom is about S ewts., being the product of 2 ewts. 
and ^ of pig iron ; the loss of weight is therefore about 26 per cent 149 pounds of 
charcoal are consumed fbr every 100 pounds of bar iron obtained. The whole ope- 
ration lasts about ff hours. The bellows are stopped as soon as the bloom is ready ; 
this is immediately transferred to a forge hammer, the cast-iron head of which 
weighs 8 or 9 ewts. The bloom is greatly condensed thereby, and discharges a 
considerable quantity of semi-fluid cinder. The lump is then divided by the hammer 
and a chisel mto 4 or 6 pieces, which are re -heated, one after another, in the same 
refinery fire, in order to be forged into bars, whilst another pig of cast irowis laid in 
its place, to prepare for the formation of a new bloom. The above process is called 
by the Germans Mump-Jrioche*, or lump refining. It differs from the durch brech- 
frwchcn, because in the latter the lump is not turned over in mass, but is broken, 
and exposed in separate pieces successively to the refining power of the blast near the 
tuydre. The French call this qffhuwe par portum»t it is muon lighter work than the other. 

The quality of the iron is tried in various ways ; as, first, by raising a bar by one 
end, with the two hands over one’s h e ad, and bringing it forcibly down to strike 
across a narrow anvil at its centre of percussion, or one-third from the other extre- 
mity of the bar i after whioh it may be bent backwards and forwards at the place of 
percussion several times j 2, a heavy bar may be laid obliquely over props near its 
end, and struck strongly with a hammer with a narrow pane, so as to curve it in op- 
posite directions i or while heated to redness, they may be kneaded backwards and 
forwards at the same spot, on the edge of the anvil This 5s a severe trial, which the 
hoop L, Swedish iron, bears surprisingly, emitting as it is hammered a phosphoric 
odour, peculiar to it and to the bar iron or Ulverstonfc, which also resembles it in tar- 
nishing a good steel The forging of a horse-shoe is reckoned a good criterion of the 
quality of iron. Its freedom from flaws is detected by the above modes; and its 
linear strength may be determined by suspending a scale to the lower end of a hawi- 
drawn wire, of a given siae, and adding weights till the wire breaks. The treatises 
of Bartow, Tredgold, Hodgkinson, and Fairbairn may be consulted with advantage 
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on the methods of proving the strength of different kinds of iron, in a great variety of 
circumstances. 

Dry assay qf iron ores. — The object of a dry assay of an iron ore is to ascertain 
by an experiment on a small scale the amount of iron which the ore should yield 
when smelted on the large scale in the blast ftunace. For this purpose the metal 
must be deoxidised, and such a ten^perature produced as to melt the metal and the 
earths associated with it in the ore, so thatsthe former may be obtained in a dense 
button at the bottom oj the crucible, and the latter in a lighter glass or slag above it 
Such a temperature can only be obtained in a wind fomace connected with a chimney 
at least 30 feet in height, and when made expressly for assaying the fornaoe, is gene- 
rally built of sueh a sise that four assays may be made at the same time, vis. about 
14 inches square, and S feet in depth from the under side of the cover to the moveablo 
bars of iron which form the grate. In order that the substances associated with tbe 
iron in the ore should form a fosible compound, it is usually requisite to add a flux, 
the nature of which will depend upon the character of the ore under examination. 
Berthier divides iron ores into five classes : 1. The almost pure oxides, such as the 
magnetic oxide, oligistic iron , and the hematite* $ 2 . Ores containing silica, but free or 
nearly so from any other admixture ; 3. Ores containing silica and various bases,' but 
little or no lime*, 4. pres confluning one or more bases, such as lute, magnesia, alumina, 
oxide of manganese , oxide of titanium, oxide of tantalum, oxide of chromium, or oxide of 
tungsten, but little or no silica ; 5. Ores containing silica, lime, and another base, and 
which are fosible alone. Ores of the first class may be reduced without any flux, 
but it is always better to employ one, as it greatly facilitates the formation of the 
button ; borax may be used, or, better, a fusible earthy silicate, such as ordinary flint 
glass. Ores of the second class require some base to serve as a flux, such as carbonate 
of soda, a mixture of carbonate of lime and day, or of carbonate of lime and dolomite : 
ores of the third class are mixed with carbonate of lime in the proportion of from one- 
half to three-fourths of the weight of *he foreign matter present m the ore. Ores of 
the fourth class require as a flux silica in the form of pounded quarts, and generally 
also some lime ; the manganeaian spathic ores which belong to this class may lie 
assayed with the addition of silica alone, but the magnesian spathic ores require lime. 
Ores of the fifth class require no flux. 

Method of conducting the assay. — One hundred grains of the ore finely pulverised 
and passed through a silk sieve are well mixed with the flux, and the mixture intro- 
duced into the smooth concavity made in the centre of a crucible that has been lined 
with charcoal ; the lining of the crucible is effected by partially filling it with coarsely 
powdered and slightly damped charcoal or brasque, which is then rammed into a 
solid form by the use of a light wooden pestle. The mingled ore and flux must be 
covered with charcoal The crucible thus filled is closed with an earthen lid luted 
on with fire clay i and it is then set on its base in the air fornace. The heat should 
be very slowly raised, the damper remaining closed during the first half-hour. In 
this way the water of the damp chareoal exhales slowly, and the deoxidation of the 
ore is completed before the fusion begins : if the heat were too high at first the luting 
would probably split, and moreover, the slhg formed would dissolve some oxide of 
iron, which would be lost to the button, and thus give an erroneous result. After 
half an hong the damper is gradually opened, and the fornace being filled with fresh 
coke, foe temperature is raised progressively to a white heat, at which pitch it must 
be maintained for a quarter of an hour; the damper is then dosed and foe fornace is 
allowed to cod. As soon as the temperature is sufficiently reduced, foe crucible is 
removed and opened over a sheet of brown paper ; foe brasque is carefolly removed, 
and the button of cast iron taken out and weighed. If the experiment has been 
entirely successful the iron will be found at the bottom of the crucible in a small 
rounded button, and foe slag will be entirely free from any adhering metallic globules, 
and will resemble in appearance green bottle glass -, should, however, foe slag contain 
small metallic particles, the experiment is not necessarily a failure, as they may 
generally be recovered by washing and foe magnet. But if on breaking foe crucible, 
the reduced metal should be (bund in a partially melted state and not collected into a 
distinct mass, it indicates either too low a temperature or an improper selection of 
fluxes, and the experiment ipust be repeated. The iron obtained is not chemically 
pure, but contains carbon, and if foe ore is manganiferous, manganese ; the result is 
therefore somewhat too high, though indicating with sufficient exactness for all manu- 
p u rposes the richness of the ore assayed. 

Humid assay qf iron orst.-— The quantitative determination of foe various sub- 
gtances that occur in iron ores, demands on foe part of foe operator a considerable 
amoftnt of skill and patience, and can only be profitably undertaken by those who 
have acquired in foe laboratory a thorough acquaintance with analytical operations. 
As, however, much attention has of late years been bestowed on the composition of 
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iron ora*, and aa certain dementi, tI*. m atuaxme, it Jphtar, and phoqAan w, am. 
frequently present, which Ter y considerably affect their commercial value, we deem 
it right to give a detailed account of the operations to be performed in order to arrive 
at an accurate knowledge of the composition of an ore. 

Taking for illustration a specimen of the most complicated composition, the 
■ubstandes besides iron to be looked for, and estimated, are water{hggroscopic and 
combined), organic Matter, Mulphur (as snbhurie acid , and as bisulphide cf ironjh phos- 
phoric acid, carbonic add, dHcic add, oxide qf manganese, ahtmina, tone, and alkalies j 
tin, copper, and arsenic, are also occasionally met with ; these metals are sought 
for when a suspicion of their presence is entertained by a special operation on a huge 
quantity of ore. f 

Too great care cannot be bestowed on the sampling of ores intended for analysis ; 
to expend so much time and labour on an isolated specimen (unless for a special 
otyeot) is worse than useless j the sample operated upon should bc^selected from a 
large heap, which should be thoroughly gone over, and several dosen pieces taken from 
different parts ; these should be coarsely powdered and mixed, and about half a pound 
taken from the mass should be preserved in a well corked bottle for examination. 

1. Determination of water ( hygroscopic and combined ). — About 50 grains of the 
ore are dried in the #ater oven till no forther loss of weight is experienced ; the loss 
indicates the hygroscopic water ; the reaidue is introduced into tube of hard glass, 
to which is adapted a weighed tube containing chloride of calcium ; the powder is 
then gradually raised to a low red heat, the combined water is thereby expelled, and 
its amount determined by the increase in weight of the chloride of calcium tube. 
Some ores (the hydrated hematites) contain as much as 12 per cent of combined water. 

2. Sulphuric acid and sulphur . — From 30 to 50 grains of the ore are digested with 
hydrochloric acid, filtered and washed. The filtrate, concentrated if necessary by 
evaporation, is precipitated by great excess of chloride of barium. Every 100 parts 
of the sulphate of baryta produced indicate 34«37 parts of sulphuric acid. The in- 
soluble residue on the filter is fosed in a gold crucible with nitre and carbonate of 
soda, the fosed mass is dissolved in hydrochloric acid, evaporated to dryness, mois- 
tened with strong acid, dilated and filtered ; from the filtrate the sulphuric acid is 
precipitated as sulphate of baryta, every 100 parts of which indicate 13748 parts of 
sulphur, and 25*48 parts of bisulphide of iron. 

In the analysis or hmmatites it is necessary to bear in mind that perchloride of iron 
is partially reduced when boiled with finely divided iron pyrites and hydrochloric 
acid, sulphuric acid being formed. — Dick. 


Phosphoric acid. — From 50 to 75 grains of the ore are digested with hydrochloric 
acid and filtered ; the clear solution, which should not be too acid, is boiled with 
sulphite of ammonia, added gradually in small quantities till it either becomes colour- 
less, or acquires a pale green colour, indicating that the peroxide of iron originally 
present has been reduced to protoxide ; the solution is nearly neutralised with car- 
bonate of ammonia, excess of acetate of ammonia added, and the liquid boiled ; strong 
solution of perchloride of iron is then added drop by drop, until the precipitate which 
forms has a distinct red colour ; this precipitate, which contains all the phosphoric acid 
originally present in the ore, is collected on a filter, washed, and redissolved in hydro- 
chloric acid, tartaric acid added, and then ammonia. From this ammoniacal solution, 
the phosphoric acid is finally precipitated as ammonio-phosphate of majgfiesia, by the 
addition of chloride of ammonium, sulphate of magnesia, and ammonia. The pre- 
cipitate is allowed 24 hours to subside, it is then collected on a filter, and if it has a 
yellow colour, which is almost invariably the case, it is redissolved in hydrochloric acid, 
and more tartaric acid being added, it is again precipitated by ammonia: 100 parts of 
the ignited pyrophosphate of magnesia correspond to 64*8 parta of phosphoric add. 

Alkalies . — It was ascertained by Mr. Dick, that nearly the whole of the alkali 
present in an iron ore are contained in that portion which is insoluble in hydro- 
chloric acid. The residue from about 50 graina of the ore is placed in a platinum 
capsule, moistened with ammonia, and exposed for several hoars to the action of 
hydrofluoric acid gas in a closed leaden dish ; it may be necessary to repeat the ope- 
ration if much silica is present ; it is then slowly heated to doll redness, and dis- 
solved in dilute hydrochloric acid $ the solution is mixed with excess of baryta water 
and filtered ; the excess of baryta is removed by carbonhte of ammonia, and the so- 
lution is evaporated to dryness and ignited ; the residue is redissolved in a little hot 
water, and a few drops of oxalate of ammonia added. If no precipitate or cloudiness 
occurs, it may be once more evaporated to dryness and gently ignited: the residue 
is chloride of potassium, 100 parts ' of which indicate 63 parts of potash.' Should 
oxalate of a mmoni a have occasioned a precipitate, it most be filtered aS, and? the 
clear liquid evaporated. The search for potash is troublesome and lengthy j it may 
be altogether omitted in a technical analysis. 
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Determmathm of the remaining constituents. — 25 or 30 grains of the finely powdered 
ore are digested for about half an hour with strong hydrochloric acid, diluted with 
boiling distilled water and filtered. The residue on the filter being thoroughly washed, 
the solution is peroxidised, if necessaiw, by the addition of chlorate of potash, nearly 
neutralised by ammonia, boiled with excess of acetate of ammonia, and rapidly 
filtered while not ; the filtrate (which should be colourless) together with the wash- 
ings, is received in a flask, ammonia is added, and then a few drops of bromine, and 
the flask dosed with /cork. In a fow minutes, if manganese be fie sent, the liquid 
acquires a dark colour j it is allowed to remain at rest for 24 hours, then warmed, 
and rapidly filtered and washed ; the broipi substance on the filter is hydrated oxide 
of manganese: it loses its water by ignition, and then becomes Mn* 0\ 100 parts of 
which correspond to 93 parts of protoxide. 

The liquid filtered from the manganese contains the lime and magnesia ; the former 
is precipitated by oxalate of ammonia, and the oxalate of lime formed converted by 
ignition into carbonate, in which state it is either weighed, having been previously 
evaporated with carbonate of ammonia, or it is converted into sulphate by the ad- 
dition of a few drops of sulphuric acid, evaporation, and ignition. The lime being 
separated, the magnesia is mown down as ammonlo-magnesiarf phosphate by phos- 
phate of soda and ammonia, and after standing for 24 hours it is collected on a filter, 
washed with cold ammonia water, dried, ignited, and weighed s 100 parts of car- 
bonate of lime correspond to 56*0 of lime ; 100 parts of sulphate of lime to 40*1 of 
lime, and 100 parts of pyrophosphate of magnesia to 35*7 of magnesia. 

The red precipitate collected on the filter after the boiling with acetate of am- 
monia, consists of the basic acetates of iron and alumina, together with the phosphoric 
acid. It is dissolved in a small quantity of hydrochloric acid, and then boiled in a 
silver or platinum basin with considerable excess of pure caustic potash ; the alumina 
(with the phosphoric acid) is herebyidissolved, the insoluble portion is allowed to 
subside, and the clear liquid is then decanted, alter which the residue is thrown on a 
filter and washed ; the filtrate and washings are supersaturated with hydrochloric 
acid, nearly neutralised with ammonia, and the alumina finally precipitated by car- 
bonate of ammonia. From the weight of the ignited precipitate, the corresponding 
amount of phosphoric acid determined by a separate operation is to be deducted, the 
remainder is calculated as alumina. The residue left after digesting the ore with 
hydrochloric acid, consists principally of silica, but it may also contain alumina, per- 
oxide of iron, lime, magnesia, and potash. For practical purposes it is rarely necessary 
to submit it to minute examination ; should such be desired, it must be dried, ignited, 
and weighed, then ftised in a platinum crucible with four times its weight of mixed 
alkaline carbonates, the fused mass dissolved in dilute hydrochloric acid, and evapo- 
rated to dryness, the residue moistened with strong hydrochloric acid, and after stand- 
ing at rest for some hoars, digested with hot water, filtered, and the silica on the filter 
ignited and weighed. The alumina, lime, oxide of iron, and magnesia in the filtrate are 
separated from each other according to the instructions given above j the potash is esti- 
mated by a distinct process. * 

Carbonic acid. — This acid, which constitutes a considerable part of the weight of 
that large and important olass of ores the clay ironstones, is estimated by noting the 
loss sustain^ after adding to a weighed portion of the ore sulphuric acid, and thus 
evolving the gas; or more roughly, by the loss sustained in the entire analysis 
Another method is to ftise 20 or 25 grains of the ore with 60 or 80 grains of dry- 
borax, and noting the loss, which consists of water and carbonic add ; by deducting 
the water obtained in a previous experiment, the quantity of carbonic acid is ob- 
tained. This method, however, can scarcely be recommended, on account of the cor- 
rosion of the orneible, though the results are very accurate. 

Determination tf the iron. — This is performed on a separate portion of the ore, 
either by the volumetric method of Marguerite, or by that of Dr. Penny : both give 
very exact results. Marguerite’s method is based on the reciprocal action of the 
salts of protoxide of iron and permanganate of potash, whereby a quantity of the 
latter is decomposed exactly proportionate to the quantity of iron. The ore 
(about 10 or 15 grains) is dissolved in hydrochloric acid) and the metal brought to 
the minimum of oxidation b\ treating the solution with sulphite of soda (or better, 
sulphite of ammonia), and boiling to expel the excess of sulphurous arid *, fine solution 
of permanganate of potash is theh cautiously added drop by drop, until the pink 
colour appears, and the number of divisions of the burette required for the purpose 
accurately noted. The solution should be considerably diluted, and there most he a 
sufficient quantity of free acid present to keep in solution the peroxide of iron formed 
and alio the oxide of manganese. The whole of the iron must be at the minimuss 
of oxidation, and the excess of sulphurous acid must be completely expelled j if 
the latter precaution be neglected an erroneous result will be obtained, as the nil* 
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phnrous arid will itself take oxygen from the permanganic acid, and thus reset in 
the same manner as iron. 

To prepare the permanganate of potash, 7 parts of chlorate of potasue, 10 parts of 
hydrate of potassa, and 8 parts of peroxide of manganese are intimately mixed. The 
manganese most be in the finest possible powder, and the potash haying been dis- 
solved in water, is mixed with the other substa&ces, dried, and the whole heated to 
very doll redness for an hour. The ftued mass is digested with water, so as to obtain 
as concentrated * solution as possible, and dilute nitric acid 'added till the colour 
becomes of a beaotifbl violet j it is afterwards filtered through asbestos. The solution 
must be defended from the contact of organic matter, and kept in a glass stoppered 
bottle* If the solution be evaporated it fields beaotifbl red adeolar crystals : it is 
better to employ the crystals in the preparation of the test liquor, as the solution keeps 
much better when no manganaie is present To prepare the normal, or test liquor, 
a certain quantity, say 15 grains, of piano-forte wire are dissolved ^n pure hydro- 
chloric acid i after the disengagement of hydrogen has ceased, and the solution is 
complete, the liquor is diluted with about a pint of water, and accurately divided by 
measurement into two equal parts, the number of burette divisions of the solution of 
permanganate required to produce in each the pink colqnr is accurately noted ; and 
this number is then employed to reduce into weight the result or* the analysis of an 
ore. A usefbl normal liquor is made by dissolving 100 grains of the crystallised 
permanganate in 10,000 grains of water. 

Penny's method is based on the reciprocal action of chromic acid and protoxide of 
iron, whereby a transference of oxygen takes place, the protoxide of iron becoming 
converted into peroxide, and the chromic acid into sesquioxide of chromium. The 
process is conducted as follows : — A convenient quantity of the specimen is reduced 
to coarse powder, and one half at least of this is still further pulverised until it is no 
longer gritty between the fingers. The test sedation of bichromate of potash is next 
prepared: 44*4 grains of this salt in fine powder are weighed out, and put into a 
burette graduated into 100 equal parts, and warm distilled water is afterwards poured 
in until the instrument is filial to 0. The palm of the hand is then securely placed 
on the top, and the contents agitated by repeatedly inverting the instrument until the 
salt is dissolved and the solution rendered of uniform density throughout Each divi- 
sion of the solution thus prepared contains 0-444 grains of bichromate, which Dr. 
Penny ascertained to correspond to half a grain of metallic iron. The bichromate 
must be pure, and should he thoroughly dried by being heated to incipient fusion. 
100 grains of the pulverised iron-stone are now introduced into a Florence flask with 
1 J os. by measure of strong hydrochloric acid and } ox. of distilled water. Heat is 
cautiously applied, and the mixture occasionally agitated until the effervescence 
caused by the escape of carbonic acid ceases, the heat is then increased, and the mix- 


ture made to bou, and kept at moderate ebullition for ten minutes or a quarter of an 
Lour. About 6 os. of water are next added and mixed with the contents of the flask, 
and the whole filtered into an evaporating basin. The flask is rinsed several times 
with water, to remove all adhering solution, and the residue on the filter is well washed. 
Several small portion! of a weak solution of red prussiate of potash (containing 1 
part of salt to 40 water) are now dropped upon a white porcelain slab, which is 
conveniently placed for testing the solution in the basin daring the nexJ operation. 
The prepared eolation of bichromate of potash in the burette is then added very 
cautiously to the solution of iron, which must be repeatedly stirred, and as soon as it 
assumes u dark greenish shade it should be occasionally tested with the red prussiate 
of potash. This may be eaaily done by taking out a small quantity on the end of a gloss 
rod, and mixing it with a drop of the solution on the porcelain slab. When it is noticed 
that the last drop communicates a distinct blue tinge, the operation is terminated ; the 
burette is allowed to drain for a few minutes, and the number of divisions of the test 
liquor consumed read off. This number multiplied by 3 gives the amount of iron 
per cent 'The necessary calculation for ascertaining the corresponding quantity of 
protoxide it obvious. . If the specimen should contain iron in the form of peroxide, 
the hydrochloric solution is deoxidised as before by sulphite of ammonia. The pre- 
KnwofpCToxlda of bon in an ora ii eaaily detected by diisohuW 90 or 40 mini in 


Protoxide of iron in an ore, two 
the ore that has been " — * * 


of peroxide and 
on a quantity of 


cubic centimetres of bichromate. strength it 1 gram of metallic iron «10 
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portion or the ore varying from 200 to 2000 grains is digested for a considerable time 
In hydrochloric add : the solution is filtered off; the iron in the filtrate reduced when 
necessary by sulphite of ammonia, and a current of sulphuretted hydrogen passed through 
it A small quantity of sulphur which is always suspended is collected on a filter and 
thoroughly washed ; it is then incinerated at as low a temperature as possible. Tlie 
residue (if any) is mixed with carbonate ofloda and heated upon charcoal before the 
blowpipe : any globules of metal that may bo obtained are dissolve*} and tested. 


(combined and nncombined), silicon , sulphur, phosphorus; those of less consequence, 
or of more rare occurrence, are manganesk, arsenic , copper ; zinc, chromium, titanium, 
cobalt, nickel, tin, aluminum, calcium, magnesium, and the metals of the alkalies. 

1. Determination of the total amount qf carbon About 100 grains of the iron in 

small pieceS' ar£ digested, at a moderate temperature, in 6 -os. measures of a solution 
formed by dissolving 6 oz. of crystallised sulphate of copper, and 4 os. of common 
salt in 20 os. of water and 2 os. of concentrated . hydrochloric acid. The action ia 
allowed to proceed until all, or nearly all the iron is dissolved. Carbon and copper 
are left insoluble ; these are collected on a filter, and washed fi?pt with dilute hydro- 
chloric acid (to pr&rent the precipitation of sub-chloride of copper), then with water, 
then with dilute caustic potash, aud finally with boiling water. The mixed carbon 
and copper are dried on the filter, from which they are easily removed by a knifo 
blade, and are mixed with oxide of copper, and burned in a combustion tnbe in the 
usual way, with a current of air, or, still better, of oxygen. The carbonic acid is col- 
lected in Liebig's apparatus, from which the amount of carbon is calculated. 

2. Graphite , or uncombined carbon. — A weighed portion of the finely divided iron 
(filings or borings may be used) is digested with moderately strong hydrochlorio 
acid, the combined parbon is evolved in combination with hydrogen, while the 
graphite is left undissolved. It is collected on a filter, washed, and then boiled 
with a solution of caustic potash, sp. gr. 1*27, in a silver dish ; the silica which 
existed in the iron in the form of silicon is hereby dissolved ; the clear caustic solu- 
tion is drawn off by a pipe or syphon, and the black residue repeatedly washed ; it 
is dried at as high a temperature u it will bear, and weighed ; it is then heated to 
redness in a current of air, until the whole of the carbon is burnt off. A reddish re- 
sidue generally remains, which is weighed, and the weight deducted from that of 
original black residue, foe difference gives foe amount of graphite. 

3. Silicon. — The amount of this element is determined by evaporating to dryness 
a hydrochloric solution of a weighed quantity of the metal : foe dry residue is re- 
digested with hydrochloric acid, diluted with water, boiled and filtered ; foe insoluble 
matter on foe filter is washed, dried and ignited, until the whole of foe carbon is 
boiled off; it is then weighed, after which, it is digested with solution of potash, and 
the residue, if any, washed, dried, ignited, and weighed: foe difference between foe two 
weightB gives foe amount of silicio acid, 100 parts of which indicate 47 ports of silicon. 

Phosphorus. — A weighed portion of the ipetal is digested in nitro-hydrochloric acid, 
evaporated to dryness, and the residue re-digested with hydrochloric acid. The solution 
is treated precisely as recommended for the determination of phosphoric add in ores; 
every 100 ports of pyrophosphate of magnesia indicate 28*56 parts of phosphorus. 

Sulphur.— In grey iron this clement is very conveniently and accurately estimated 
fay allowing the gas evolved by the action of hydrochloric addon a weighed quantity 
(about 100 grains) of the metal, in filings or borings, to pass slowly through a solution 
of acetate of lead addified by acetic acid : the snlphor, foe whole of which takes foe 
form of sulphuretted hydrogen, enters into combination with the lead, forming a black 
predpitate of sulphide of lead, which is collected, washed, and converted into sulphate of 
lead by digesting it with nitric add, evaporating to dryness, and gently igniting: 
100 parts sulphate of lead — 10*55 sulphur. The most minute quantity or snlphnr in 
iron is detected by this process. If, however, crude white iron is under examination, 
this method does not give satisfactory remits, on account of the difficulty with which 
it is meted upon by hydrochlorio acid ; it is better, therefore, to treat foe metal with 
nitro-hydrochloric acid, evaporate to dryness, re-digest with hydrochloric add, and then 
predpitate foe filtered solution with great excess of chloride of barium ; or foe finely 
divided metal may be fosed in a gold crocible with an equal weight of pare nitrate of 
soda and twice its weight of pure* alkaline carbonates ; the fused matt is extracted 
with water addified with hydrochloric acid, and finally predpitated by chloride of 
barium, 

JUangameM. — Thi» metal ia determined by the procem described, for it* retim e Holt 
fat one; the iron moat exist in the eolation m the form of a etqn toxi ae. ‘ 

Antnie and capper. — The nitre-hydrochloric aolntion of the metal k emantcA 
to dry-fern, re-digeated with hydrochloric acid, and Altered. Tho iron ia the dear 
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volution is reduced to protochloride br boiling with a sufficient quant% of sulphite 
of ammonia, the solution ia boiled till it has lost all Smell of sulphurousscid. It is 
them satumted with sulphuretted hydrogen, and allowed to stand for 24 hours in a 
dosed Teasel, the excess of gas is boiled oti, and the precipitate. If any, collected on a 
■ small filter and well washed j it is digested with monosulphide of potassium, which 
dissolves the sulphide of arsenic, leaving the sulphide of copper untouched ; the 
latter is decomposed by heating with niflne add, and the presence of copper evinced 
by the addition^ ammonia, which produces a fine blue colour ; the sulphide of 
arsenic ia precipitated from its solution in sulphide of potassium by dilute sulphuric 
add ; it may be redissolved in aquaregia, ana the nitric add having been expelled by 
evaporation, the arsenic may be reduced in Marsh's apparatus. 

NfcM and cohalt.—' These metals, if present, will be found in the solution from which 
the copper and arsenic have been precipitated by sulphuretted hydrogen. The solution 
is peroxidised, and the sesquioxide of iron predpitated by alight excess of carbonate 
of baryta, after which the nickel and cobalt are precipitated by sulphide of ammonium. 

Chromium and vanadium. — These metals which should be looked for in the car- 
bonaceous residue obtained by dissolving a large quantity of the iron in dilute hy- 
drochloric or sulphuric acid are detected as follows ( Wohler) : — The ignited residue 
is intimately mixed with one-third of its weight of nitrfe, and exposed for an hour in 
a crucible to a gentle ignition. When cool, the mass is powdered and boiled with 
water. The filtered solution is grsdually mixed and well stirred with nitric acid, 
taking care that it may still remain slightly alkaline, and that no nitrous acid ia 
liberated which would reduce the vanadic and chromic acids. The solution is then 
mixed with an excess of solution of chloride of barium as long as any precipitate is 
produced. The precipitate, which consists of vanadiate and chromate of baryta, is 
deeompoied with slight excess of dilute sulphuric acid, and filtered. The filtrate is 
neutralised with ammonia, concentrated by evaporation, and a fragment of chloride 
of ammonium placed in it In proportion ad* the solution becomes saturated with 
chloride of ammonium, vanadate of ammonia is deposited as a white or yellow 
crystalline powder. To test for chromium only, the mass after fusion with nitre ia 
extracted with water, and then boiled with carbunate.of ammonia; the eolation is 
neutralised with acetic acid, and then acetate of lead added ; the production of a 
yellow precipitate indicates chromic acid. 

Aluminium. — This metal is best separated from iron, by first reducing the latter to 
the state of protoxide by sulphite of ammonia, then neutralising with carbonate of 
soda, and afterwards boiling with excess of caustic potash, until the precipitate is 
black and pulverulent The solution is then filtered oflj slightly msi<lnlnt<*i with 
hydrochloric acid, and the alumina precipitated by sulphide of ammonium. 

Calcium and magnesium. — These metals are found in the solution from which 
the iron and aluminium have been separated ; they both exist probably (together with 
the aluminium) in the cast iron in the form of slag, and are best detected in the black 
residue which is left on dissolving the iron in dilute sulphuric or hydrochloric acid. 
After digesting this residue with caustic potash, and burning away the graphite, a small 
quantity of a red powder is left, which^is composed of silicic acid, oxide of iron, 
al umin a , lime, and magnesia ; if 500 grains of cast iron are operated upon, a suffi- 
cient quantity of insoluble residue will be obtained for a quantitative determination of 
its constituents. — H. M. N. 

Iron imported in 1863 and 1864. 
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The quantities of pig and puddled iron exported since 1850 have been aa follows : 


1850 


m m 

Toni. 

• 141,973 

1858 

Toni. 

- - - - 863,143 

1851 


- 

; 201,264 
- 240,491 

1859 

- - - - 816,376 

1852 


- 

1860 

- - - - 342,556 

1853 


- 

- 838, b8 5 

* 1861 

- 388,004 

1854 


- 

- 298,482 

1862 

- 444,708 

1855 


K 

- 291,776 

- 357,826 

1863 

-• - 466,423 

1856 


- 

1864 

- 465,985 

1857 


" 

- 422,086 

1865 

- 543,016 

The value of pig and 

puddled iron exported since 

1850 being as follows: — 

1850 


1 

£ 

- 348,074 

1858 

£ 

“ ~ - 1,084,170 

1851 



- 452,119 

1859 

901,927 

1852 



- 557,586 

1860 

974,065 

1853 



- 1,056,310 

1861 

- 1,044,804 

1854 



- 1,244,853 

1862 

- 1,303,641 

1855 


h - 

- 1,072,428 

1863 

- 1.287,968 

1856 



- 1,385,118 

1864 

- - - - 1,412,852 

1857 



- 1,609,115 

1865 

- 1,591,063 


For eleven months of the year 1866, the quantities reached 456,629 tons, as 
compared with 499,908 tons in the corresponding period of 1865, and 439,023 tons 
in 1864. 

IRON-BRIDGE. See Tubular Bridge. 

IRON LIQUOR. A solution of acetate of iron, used as tf mordant by calico 
printers. » 

IRON ; TELLURIC. A name given to native iron, of which there is no proof of 
meteoric origin. 

IRON WOOD. A name given to several of the hard, heavy, and close-grained 
woods. The Metrosideros wro, or true iron-wood, is a native of Java and Amboyna. 
The Chinese use it for making anchors. The Metrosideros pofymorpha is the wood 
of which the Sandwich Islanders make their clubs. Metrosideros buxifolia is a New' 
Zealand shrub, the wood of which is called in the country aki or Lignum vita. 
Other varieties of these woods are produced by the Siderosylon, found in many 
tropical countries. 

ISINGLASS (CoHede Poisson, Fr. ; Hausenblase , Germ.), Ichthyocolla, ixOvrfjcoAAo, 
from IxObs, a fish, and xrfAAa, glue, or Fish glue, is a whitish, dry, tough, semi-trans- 
parent substance, twisted into different shapes, often in the form of a lyre, and 
consisting of membranes rolled together. Good isinglqps is unchangeable in the air, 
has a leathery aspect, and a mawkish taste, nearly insipid; when steeped in cold water 
it swells, softens, and separates In membranous laminae. At the boiling heat it dis- 
solves in water, and the .solution, on coollag, forms a white jelly, which u semi-trans- 
parent, soluble in weak acids, bnt is precipitated from them by alkalies. It is gelatine, 
nearly pure; and if not brittle, like other glue, this depends on its fibrous and elastic 
texture. *The whitest and finest is preferred in commerce. Isinglass is prepared 
from the air-bladders of sturgeons, and especially the great sturgeon, the Accipenser 
huso , which is fished on the snores of the Caspian Sea, and in the rivers flowing into 
it, for the sake chiefly of its swimming bladder. It is also obtained from the A, std - 
lotus , and the A. GhlldenstadtiL We are informed that in Russia the Sihtris giants is 
also caught for the purpose of obtaining isinglass. 

The preparations of isinglass in Russia, and particularly at Astracan, consists in 
steeping the swimming bladders in water, removing carefully their external coat,- and 
the blood which often covers them, putting them into a hempen-bag, squeeiing them, 
softening them between the hands, and twisting them into small cylinders. They an 
ready for the market immediately after being dried in the son, and whitened with the 
ftunes of burning sulphur. 

In some districts of Moldavia, another process is* followed. The skin, the stomach,- 
the intestines, and the sWlmming bladder of the sturgeon are cut in small pieces^ 
steeped in cold water, and then gently boiled. The Jelly thus obtained is spread in 
thin layers to dry, when it assumes the appearance of parchment. This being softened 
in a little water, then rolled into cylinders, or extended into plates, constitutes an 
inferior article. 

•The swimming bladder of the cod and many other fishes, also fornishts a species of 
i bnt it is much more membranous, and less soluble than that of the sturgeon.* 

The properties of isinglass are the same as those of gelatine or pure glue ; and Ha 
uses are verv numerous. It is employed in co n s ider able quan t i t ies to clarify ale, wine, 
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liqueurs, and coffee. As an article of food to the luxurious in the preparation of 
creams and jellies, H is in great request Four ports of it convert 100 of water into 
a tremidons Jelly, which is employed to enrich many, soups and sauces. It is used 
along with gum as a dressing to give lustre to ribbons aqd other silk articles. 

Itis by covering thin silk with a coat of isinglass that court plaster is made. A 
solution of isinglass covered with carmine formff an excellent injection liquor to the 
anatomist M. Rochen has made another pretty application of isinglass. He 
plunges into a lirpid solution of it made by means of a watGvbath, sheets of wire 
gause set in window or lamp frames, which, when cold, have the appearance of glass, 
and answer instead of it for shades and other purposes. If one dip be not sufficient to 
make a proper transparent plate of isinglast, several may be given in succession, allow- 
ing each film to burden in the interval between the dips. The outer surface should 
be varnished to protect it from damp air. These panes of gelatine age now generally 
used for lamps instead of horn, in the maritime arsenals of France. — See Gelatine. 

Isinglass is known commercially as Leaf isinglass. Long and short staple, and 
Book isinglass. Dr. Boyle speaks of the Samooeg leaf, book, and long and short staple, 
in his paper On the Production of Isinglass along the coasts oflndia, with a Notice of its 
Fisheries. We receive from the Brasils, Pipe, Lump, a?d Honeycomb , Isinglass. 

Onr importations of isinglass in 1863 and 1864 were: — ' 




Russia - 
Hamburg - 
Brasil - 
British India : — 

Bombay and Scinde 
India, Singapore and Ceylon 
Singapore, and Eastern 
Straits Settlements - 
British Guiana - 
Other parts ... 


atomic constitution is one of the most important within the range of physico-chemical 
science, and beyond all others, it demands the highest powers of the philosopher, 
united with the mechanical care of the microscopic analyst The tendency of science 
leads to the conviction that many of the bodies which we now regard as distinct 
elements are only isomeric ; and such groups as chlorine, iodine, bromine, aid fluorine, 
as sulphur, selenium, and boron, and as carbon and silicon, may with the advance of 
our knowledge be shown to be modified conditions of one form of matter. This 
subject will be fully treated in Watts’ u Dictionary of Chemistry.” 

ISOMORPHISM. Mitscherlich was the first to observe that many groups of sub- 
stances, simple or compound, having an analogous constitution, crystallise in forms of 
the same crystalline character, or differ but little in their angles. Thus, alumina, 
red oxide qf\ ’iron, and oxide qf chrome crystallise in forms of the rhombohedral system. 

/I M. 1. ■»- 1 J- • J • _ ft 


forms of the prismatic system. 

For a development of this law, consult Brooke and Miller’s Minerabgg, and Dana's 
Sjgstem ofMnemfogw, and Watts’ “ Dictionary of Chemistry.” 

IfiOTOKFURATB OF AMMONIUM. Sea Mubsxide. 

1TACO LUMITE. The Brasilian, or rather Spanish, name of a micaceous and 
fa ^qhkh di a mond s are sometimes found. 

•tSTmJiaS V — Ifuikini teeth 
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fractures, shows lines of different colours, or stria, proceeding in the arc of a 
circle, and forming by their decussation minute or curvilinear lozenge-shaped spaces. 
By this character, which is presented by every, the smallest portion of an elephant's 
task in transverse section or fracture, true ivory may be distinguished from every 
other kind of tooth substance, and from every counterfeit, whether derived from 
tooth or bone. It is a character, this engine-turned decussatory appearance, — which 
is as characteristic of fbssil as of recent ivory. Although, however, no other teeth 
except those of thff elephant present the characteristics of true isrory, there are teeth 
in many other species of animals which, from their large size, and the density of their 
principal substance, are useful in the arts for purposes analogous to those for which 
true i voiy is used ; and some of thoso dental tissues, such as those of the huge tusks 
of the hippopotamus, are more serviceable for certain purposes, especially in the 
manuiheture of artificial teeth by the dentist, than any other kind of tooth-substance. 
The utility or teeth in commerce and in the arts, depends chiefly on a peculiar modi- 
fication in their laws of growth. For the most part teeth, as in our own frames, 
having attained a certain size and shape, cease to grow. They are 'incapable of re- 
newing the waste to which they are liable through daily use, and when worn away 
or affected Jy decay, thej^erish. Teeth of this kind are sai&to be of limited growth ; 
but there are o&er teeth, snob as the front teeth of the rat, rabbit, and all the rodent 
tribe, the tusks of the boar and hippopotamus, the long descending canine tusks of 
the walrus, the still longer spiral horn-like tusk of the narwhal, and the ivory tusks 
of the elephant, which are endowed with the property of perpetual growth; that is, 
they grow as long as the animal lives. 

“ In teeth of unlimited growth, fresh pulp, fresh capsule, and in some instances also 
fresh enamel organs are formed, and added to the pre-existing constituents of the 
tooth matrix, in proportion as those are calcified or converted into tooth substance ; 
and as fast as the ivory and enamel may be worn away from the summit of such a tooth, 
will ivory and enamel be formed at itq base, and thus the growth of the tooth is unin- 
terrupted. The ratio of the addition of the formative principles is at first greater than the 
ratio of abrasion, and the tooth not only grows, but increases in size. When, how- 
ever, the animal has attained its full growth, the tooth for the most part is reproduced 
without increase of size, or at most, augments only in length, and that incases where 
its summit is not perpetually worn down by being opposed to that of an opposite tooth." 

With respect to the distribution of the elephant, the same authority ( Professor 
Owen) has the following remarks:— 

“ In the present creation, elephants are restricted to the African and Asiatic con- 
tinent. The African elephant, as is well known, is a distinct species from the Asiatic 
one ; and some of the Asiatic elephants of the larger islands of the Indian Archipelago, 
as those of Sumatra, if not specifially distinct from the elephants of Continental Asia, 
form, at all events, a strongly marked variety. With reference, however, to the com- 
mercial relations of ivory, it is chiefly worthy of notice that in the Asiatic elephants, 
tusks of a size which gives them the value of ivory in commerce, are peculiar to the 
males, whilst in the African elephants, both males and females afford good-sized 
tusks, although there is a sexual difference of size in this species, those of the males 
being the largest In former times, and, as it would seem, before man existed to 
avail himself of this beautiful animal substance for use or ornament the large 
animals furnishing true ivory-proboscidian quadrupeds, as they are termed, from their 
peculiar prehensile nasal appendage, were much more widely spread over the globe 
and existed in far greater numbers than in the present day, more numerous in indi- 
viduals, more numerous in species, manifesting so great diversities in the confor- 
mation of their grinding teeth, as to have led the naturalist and the paleontologist to 
divide them into two genera, called Elephas and Mastodon. A true elephant roamed in 
countless herds over the temperate and northern parts of Europe, Asia, and America. 
This was the creature called by the Russians, Mammoth; it was warmly clad with 
both hair and for, as became an animal deriving sustenance from the leaves and 
branches of trees, which grow as high as the 6fith degree of north latitude. Some of 
the ivory of commerce is, or used to be, derived from the tusks of this extinct 
species." 

The ivory of the tusks 6f the African elephant is most esteemed by the manuiketurer 
for its density and whiteness. 

The outside of the tusk of (he elephant is covered by the cortical part, which is 
softer and less compact the interior substance, wi|fc the exception of the brown 
plate that sometimes lines the interior cavity. The hardest, toughest, whitest, and 
most translucent ivory has the pre fer ence m the market ; for many pnrpoees the 
horn of the narwhal being considered the beet. The horn of the narwhal is some- 
times ten feet long. 
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The ivorr of the Uppopotamni U preferred by dentiit.) it i* modi harder than that 
of the elephant, its odour is a purer white, and it is almost free from grain. The 
teeth of the walrus, sometimes called the sea-cow, which hang perpendicularly from the 
upper jaw, are also used for the same purpose. The masticating teeth of some of the 
luge animals are occasionally need as ivory ; those of the spermaceti whale are of a 
flattened oval section, and resemble ivory injection, bat they are dark coloured towards 
the centre, and surrounded by an oval bona of white ivory. 

Ivory has been u2*d for ornamental works from the earliest periods. Phidias is 
stated to have been famous for his works made in ivory combined with gold, and 
described as the Torentic Art The ivory statues of the ancients appear to have been 
formed upon centres, or cores of wood covered with plates of ivory. 

In our days ivory has been extensively employed by the miniature painter ; it is 
used by the turner in the manufacture of numberless usefol and ornamental articles ; 
the cutler makes his best knife handles from it ; and the philosophical instrument 
maker constructs his scales from this material 

When ivory shows cracks or fissures in its substance, and when a splinter broken off 
has a dull aspect, it is reckoned of inferior value. Ivory is distinguishable from bone 
by its peculiar semi-tri&sparent rhombohedral net-work, which may be^readily seen 
in slips of ivory cut transversely. 1 

Ivory is very apt to take a yellow-brown tint by exposure to air. It may be 
whitened or bleached, by rubbing it first with pounded pumice-stone and water, 
then placing it moist under a glass shade luted to the sole at the bottom, and exposing 
it to sunshine. The sunbeams without the shade would be apt to occasion fissures in 
the ivory. The moist rubbing and exposure may be repeated several times. . 

For etching ivory a ground made try the following recipe is to be applied to the 
polished surface: — Take of pure white wax, and transparent tears of mastic, each 
one ounce; asphalt, half an ounce. The mastic /md asphalt having been separately 
reduced to fine powder, and the wax being melted in an earthenware vessel over the 
fire, the mastic is to be first slowly strewed in and dissolved by stirring ; and then the 
asphalt in like manner. This compound is to be poured out into lukewarm water, well 
kneaded, as it cools, by the hand, into rolls or balls about one inch in diameter. These 
should be kept wrapped round with taffety. If white rosin be substituted for the 
mastic, a cheaper composition will be obtained, which answers nearly as well ; 2 ox. 
asphalt, 1 ox. resin, £ ox. white wax, being good proportions. Callot's etching ground 
is made by dissolving with heat 4 ox. of mastic in 4 ox. of very fine linseed oO ; filter- 
ing the varnish through a rag, and bottling it for use. 

Either of these grounds being applied to the ivory, the figured design -is to 
be traced through it in the usual way, a ledge of wax is to be applied, and the 
surface is to be then covered with strong sulphuric acid. The effect comes better out 
with the aid of a little heat ; and by replacing the acid, as it becomes dilnte by ab- 
sorption of moisture, with concentrated oil of vitriol. Simple wax may be employed 
instead of the copperplate engravers’ ground ; and strong muriatic acid instead of 
sulphuric. If an acid solution of silver or gold be used for etching, the design will 
become purple or black on exposure to sunshine. The wax may be washed away with 
oil of turpentine. Acid nitrate of silver affords the easiest means of tracing permanent 
black lines upon ivory. o 

Ivory may be dyed by using the following prescriptions : — 

'1. Black dye. — If the ivory be laid for several hours in a dilute solution of neutral 
nitrate of pure silver, with access of light, it will assume a black colour, having a 
slightly green cast A still finer and deeper black may be obtained by boiling the 
ivory for some time in a strained decoction of logwood, and then steeping it in a solution 
of red sulphate or red acetate of iron. 

2. Blue dye. — When ivory is kept immersed for a longer or shorter time in a dilate 
solution of sulphate of indigo (partly saturated with potash), it assumes a bine tint of 
greater or less intensity. 

8. Green dye, — This is given by dipping blued ivory for a little while in solution of 
nltro-muriate of tin, and men in a hot demotion of fustic. 

4. Yellow dye — is given by impregnating the ivorv first with the above tin mordant, 
and then digesting it with heat in a strained decoction of ftistic. The colour’ passes 
into orange, if some Brasil wood has been mixed with the fastic. A venr fine un- 
changeable yellow may be communicated to ivory by steeping it 18 or 24 hours in a 
strong solution of the neutral ehropate of potash, and then plunging it for some time 
in a boiling hot solution of acetate of lead. 

6. Red dye— may be given by imbuing the ivory first with the tin mordant, then 
plunging it in abath-of Braxti wood, eoohmesl, or a mixture of the two. Lac-dye may 
he used with still more advantage, to produce a scarlet tint. If the scarlet ivory be 
plunged for a little in a eolation ofpotub, It will become cherry red. 
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6. Vtoiet dye — -is given in the logwood hath, to ivory previously mordanted for a 
abort time with eolation of tin. When the bath becomes exhausted, it imparts a lilao 
hue. Violet ivory is changed to pnrple-red by steeping it a little while in water con- 
taining a few drops of nitro-mnriatic acid. 

With regard to dyeing ivory, it may in general be observed that the colours penetrate 
better before the snr&oe is polished than afterwards. Should any dark spots appear, 
they may be cleared up by rubbing then! with chalk ; after which the ivory should be 
dyed once more to produce perfect uniformity of shade. On taking it out of the boiling 
hot dye bath, it ought to be immediately plunged into cold water, to prevent the chance 
of fissures being caused by the heat 

Aniline dye *. — Any of these colours give a fine and permanent colour to Ivory. 

If the borings and chips of the ivory-turner, called ivory dust, be boiled in water, 
a kind of fine sise is obtained. 

Ivory modi flexible , — Ivory articles may be made flexible and semi-transparent, by 
immersing them in a solution of pure phosphoric acid of sp. gr. 1*130, and leaving them 
there till they lose their opacity ; they are then to be taken out, washed with water, 
and dried with a soft cloth ; it thus becomes as flexible as leather. It hardens on 
exposure to dry air, but ^psumes its pliancy when immersed^in hot water. Necks of 
children's sucldkg bottles are thus made. 

The following account of the methods of preparing this material, we extract from 
HoltzapffeTa Mechanical Manipulation, 

“ On account of the great value of ivory, it requires considerable judgment to be 
employed in its preparation, from three conditions observable in the form of the tusk ; 
first, its being curved in the direction of its length ; secondly, hollow for about half 
that extent, and gradually taper from the solid state to the thin feather edge at the 
root ; and thirdly, elliptical or irregular in section. These three peculiarities give 
rise to as many separate considerations in cutting up the tooth with the requisite 
economy, as the only waste should*be that arising from the passage of the thin blade of 
the saw : even the outside strips of the rind, called spills, are employed for the handles 
of penknives, and many other little objects ; the scraps are burned in retorts for the 
manufacture of ivory black, employed for making ink for copper plate printers, and 
other uses, and the clean sawdust and shavings ore sometimes used for making jellv. 

** The methods of dividing the tooth, either into rectangular pieces or those or a 
circular figure required for turning, are alike in their early stages, until the lathe is 
resorted to. The ivory saw is stretched in a steel frame to keep It very tense ; the 
blade generally measures from fifteen to thirty inches long, from one and a half to 
three inches wide, and about the fortieth of an inch thick *, the teeth are rather 
coarse, namely, about five or six to the inch, and they are sloped a little forward, that 
is, between the angle of the common hand-saw tooth and the cross-cut saw. The 
instrument should be very sharp, and hut slightly set ; it requires to be guided very 
correctly in entering, and with no more pressure than the weight of its own frame, 
and is commonly lubricated with a little lard, tallow, or other solid fht 

“ The cutter begins generally at the hollow, and having fixed that extremity parallel 
with the vice, with the curvature upwards, he saws off that piece which is too thin for 
his purpose, and then two or three parallel pieces to the lengths of some particular 
works, for which the thickness of the tooth at that part is the most suitable ; he will then 
saw off one very wedge-form piece, and afterwards two or three more parallel blocks. 

M In setting out the length of every section, he is guided by the gradually increasing 
thickness of the tooth ; having before him the patterns or images of his various 
works, he will in all cases employ the hollow for the thickest work it will make. As 
the tooth approaches the solid form, the consideration upon this score gradually ceases, 
and then the blocks are cut off to any required measure, with only a general reference to 
the distribution of the heel, or the excess arising from the curved nature of the tooth, 
the cuts being in general directed as nearly as may be to the imagin a r y centre of cur- 
vature. The greater waste occurs in cutting up very long pieces, owing to the differ- 
ence between the straight line and the curve of the tooth, on which account the 
blocks are rarely cut more than five or six inches long, unless for some specific 
otject*’ 

Mr. P. L. Simmonds has given the following as the weights of large elephants* 
tusks: — 


• 

Mr. Gordon Camming had one weighing ----- 178 lbs. 
Mr. Cawood, off Graham’s Town, had a pair weighing - - 830 lbs. 
From Cameroon, shipped to Liverpool ----- 164 lbs. 

A task imported at Bristol 147 lbs. 

At the Great Exhibition of 1851, tusk - - - - - 162 lbs. 
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Import* of Ivory m the Year « 1863 and 1864. 



1868. 

1 • 1864. 

Ton of tbs Bephant, Boa Cow, Sea none 
or Sea Morse. 





Cwti. t 

Competed 
Real value. 

Cwts. 

Computed 
Heal value. 

a 


£ 

Kt 

£ 

Holland ------ 

844 

9,231 

214 

6,789 

Hamburg ------ 

Portugal — — * — — 

* 611 

16,469 

331 

674 

9,594 

21,874 

Egypt 

1,-244 


2,356 

75,041 

Fernando Po 

310 

8,558 

50L 

15,851 

Portuguese Possessions in West Africa - 
West Coast of Africa - 

518 

14,119 

397 

12,560 

450 

12,664 

634 

20,493 

East Coast of Africa - 

- 

- 

812 

25,739 

United States: North Atlantic Ports 

- 

- 

222 

6,975 

„ Ports bn the Pacific 

- 

. (j. 

, U " 

1,033 

Malta 

695 

19,833 

954 

30,448 

Sierra Leone - 

54 

1,466 

55 

1,756 

British Possessions on the Gold Coast - 

59 

1,584 

171 

5,355 

„ „ in South Africa 

2,233 

62,389 

1,113 

85,475 

British India: Bombay and Sinde - 

- 

- - 

2,786 


„ Madras - 

- - 

- 

3 


„ Bengal and Pegu - 

- 

- - 

11 

346 

India, Singapore, and Ceylon 

2,628 


— 

— 

Singapore and Eastern Straits Settlements 

- 4 - 

- 

29 

987 

Other parts ------ 

144 

3,323 

187 

5,814 

Total 

9,290 

256,059 

11,497 

861,884 


IVORY BLACK (iVoir tTivoire , Fr. ; JToA/e ron Elfenbein , Germ.) is prepared 
from ivoryduat, by calcination, in the very same way as is described under Bons 
Black. The calcined matter being ground and levigated on a porphyry Blab affords 
a beautifhl velvety black, much used in copperplate printing. 

IVORY, FICTILE, is plaster of Paris which has been made to absorb, after drying, 
melted spermaceti, by capillary action, or it may be prepared according to Mr. 
Franchi’s process as follows : — Plaster and colouring matter are employed in the 
proportions of a pound of superfine plaster of Paris to half an ounce of Italian yellow 
ochre; They are intimately mixed by passing them through a fine silk sieve, and a 
plaster cast u made in the usual way. It is first allowed to dry in the open air, 
and is then carefully heated in an oven ; the plaster cast, when thoroughly dry, is 
soaked for a quarter of an hour in a bath containing equal parts of white wax, sperma- 
ceti, and stearine, heated just a little beyond the melting point The cast on removal 
is set on edge, that the superfluous composition may drain off, and before it cools, 
the surface is brushed, with a brush like that known by honse painters as a s.sh tool, 
to remove any wax which may have settled in the crevices ; and finally when the 
plaster is -quite cold, its surfhce is polished by rubbing it with a tuft of cotton wool. 

IVORY NUT or Vegetable Ivory. (Corosos). A species of the screw 
pine Pandanea growing in Central America and Columbia. The Phytelepha* 
macroearpa produces these nuts, which have a structure somewhat resembling that 
of ivory ; but it more nearly resembles white wax. The ivory nut is not used for 
any important work. 


j. 

JACARANDA BRAZILIAN!. A Brazilian name for the tree producing the 
Roeewood. 

a A.CK, called also jack in a box, and hand jack, is a portable, mechanical instrument, 
consisting of amok and pinion, or a pair of claws and ratchet bar, moved by a winch 

* J llm wav whah«i A + 
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JACQUARD. A peculiar and moat ingenious mechanism, invented by M. Jae- 
quart of Lyons, to be adapted to a silk or muslin loom fbr superseding the employment 
of draw-boys, in weaving figured goods. Independently of the ordinary play of the 
warp threads for the formation of the ground of such a web, all those threads which 
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little complication In the machine, when the design was richly figured i hot the appa- 
ratus of Jacqnart, which subjects this manoeuvre to a regular mechanical operation, and 
derives its motion from a simple pedal put in action by the weaver's feet, was generally 
adopted soon after its invention in 1800. Every common loom is susceptible of re- 
ceiving this beautifhl appendage. It costs in France 200 francs or 84 sterling, and a 
little more in this country. 

Fig. 1045 is a front elevation of this mecHhnism, supposed to be let down. Fig. 1046 
is a cross section, s^own in its highest position. Fig. 1047, the'jame section as the 
preceding, but seen in its lower position. 

a, is the fixed port of the frame, supposed to form a part of the ordinary loom ; there 
are two uprights of wood, with two cross-barb uniting them at their upper ends, and 
leaving an interval * g between them, to place and work the movable frame b, vibrating 
round two fixed points a a, placed laterally opposite each other, in the middle of the 
space x y,fig. 1045. 

o is a piece of iron with a peculiar curvature, seen in front ,Jig. 1045, and in profile, 
figt. 1046 and 1047. It is fixed on one side upon the upper cross-bar of the frame n, 
and on the other, to the intermediate cross-bar b of the same frame, where it shows 
an inclined curvilinear qpace c, terminated below by a semicircle. v 

D is a square wooden axis, movable upon itself round two iron pivots, fixed into its 
two ends ; which axis occupies the bottom of the movable frame b. The four faces of 
this square axis are pierced with three round, equal, truly-bored holes arranged in 
a quincunx. The teeth a, Jig. 1049, are stuck into each face, and correspond to 
holes a. Jig. 1052, made in the cards which constitute the endless chain for the healds j 
so that m the successive application of the cards to each fhcc of the square axis, 
the holes pierced in one card may always fall opposite to those pierced in the other. 

The right-hand end of the square axis, of which a section is shown in double size, 
Jig. 1048, carries two square plates of sheet iron d, kept parallel to each other and 
a little apart, by four spindles e, passed opposite to the corners. This is a kind of 
lantern, in whose spindles, the hooks of the levers//', turning round fixed points g<J 
beyond the right hand upright a , catch hold, either above or below at the pleasure of 
the weaver, according as he merely pulls or lets go the cord r, during the vibratory 
movement of the frame n. 


1048 


1049 



x is a piece of wood shaped like a T, the stem of which, prolonged upwards, passes 
freely through the cross-bar 5, and through the upper cross-bar of the frame B} which 
serve as guides to it. The head of the T piece being applied successively against 
the two spindles e, placed above in horixontal position, first by its weight, and then 
by the spiral spring A, acting from above downwards, keeps the square axis in its 
position, while it permits it to turn upon itself in the two directions. The name press 
is given to the assemblage of all the pieces which compose the movable frame bb. 

v is a cross-bar made to move in a vertical direction by means of the lever o, in the 
notches or grooves t, formed within the fixed uprights a. 

h is a piece of bent iron, fixed by one of its ends with a nnt and screw, upon the 
cross-bar *, out of the vertical plane of the piece c. Its other end carries a friction 
roller jr, which, working in the curvilinear space e of the piece c, forces this, and 
consequently the frame b, to recede from the peroendicular, or to return to it, ac- 
cording as the cross-bar r is in the top or bottom of its course, as shown inJSgi. 1046 

°f ihect iron atta °hed on either side to the cross-bar r, which serve as a safe 

met ‘ ,ae **“ 10 io4t 

the Mm. direction M the ** U 5" ,pi , nd,e * blwwii. hocked in. 

to keen dum in 100 °PP®r ones, embraces small wooden ban L whose » 
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• upon which they impend. To these hooks from below are attached strings, which 
after haring crossed a fixed hoard m a, pierced with corresponding holes for ibis 
purpose, proceed next to be attached to the threads of the loops destined to lift the 
warp threads, x x, horizontal spindles or needles, arranged here in eight several 
rows, so that each spindle corresponds both horizontally and vertically to each of the 
holes pierced in the four faces ot jhe square axis d. There are therefore as many of 
these spindles as there are holes in one of the fhces of the square. 

Fig. 1050 represents one of these horisontal spindles, a is an eyelet through which 
the corresponding vertical skewer passes, o another.elongaled ejfelet, through which 
a small fixed spindle passes to serve os a guide, bat which does not hinder it from 
moving lengthwise, within the limits gf the length of the eyelet p, small spiral 
springs placed in each hole of the case q q,fig. 1049. They serve the purpose of 
bringing back to its primitive position every corresponding needle as soon as it 
ceases to presf upon it 

1050 
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Fig. 1051 represents the plan of the upper row of horisontal needles. Fig. 1052 is a 
fragment of the endless chain, formed with perforated cards, which are made to cir- 
culate or travel by the rotation of the shaft d. In this movement, each of the perfo- 
rated cards, whose position, form, and number, are determined by the operation of 
tying-up of the warp, comes to be applied in succession against the four faces of the 
square axis or drum, leaving open the corresponding holes, and covering those upon 
the face of the axis which have no corresponding holes upon the card. 

Now let us suppose that the press n is let down into the vertical position shown in 
fig. 1047; then the card applied against the left face of the axis, leaves at rest or 
untouched the whole of the horisontal spindles (skewers), whose ends correspond to 
these holes, hut pushes back those which are opposite to the nnpierced part of the 
card; thereby the corresponding upright skewers, 3, 5, 0, and 8, fox' example, pushed 
out of the perpendicular, unhook themselves from above the bars of the claw, and 
remain in their place, when this claw comes to be raised by means of the lever g ; and 
the skewers 1, 2, 4, and 7, which have remained hooked on, ore raised along with the 
warp threads attached to them. Then by the passage across of a shot of the colonr, 
as well A a shot of the common weft, and a stroke of the lay after shedding the warp 
and lowering the press n, an element or point in the pattern is completed. 

The following card, brought round by a quarter revolution of the axis, finds all the 
needles in their first position, and as it is necessarily perforated differently from the 
preceding card, it will lift another series of warp threads ; and thus in succession finr 
all the other cards, which compose a complete system of a figured pattern. 

This machine, complicated in appearance, and which requires some pains to be un- 
derstood, acts however in a very simple manner. Its whole play is dependent upon the 
movement of the .lever o, which the weaver himself causes to rise and fall, by means 
of a peculiar pedal ; so that without the aid of any person, after the piece is properly 
read in and mounted, ho can execute the most complex patterns as easily as he could 
weave plain goods ; only attending to the order of his weft yarns, when these happen 
to be of different colours. 

If some warp yarns shdhld happen to break withouf the weaver observing them, or 
should he mistake his coloured shuttle yarns, which would so for disfigure the pattern, 
he must undo his work. For tUis purpose, he makes use of the lower nooked lever /, 
whose purpose is to make the chain of the card go backwards, while working the loom 
as usual, withdrawing at each stroke the shot both of the ground and of the figure. 
The weaver is the more subject to make mistakes, as the figured side of the web la 
downwards, and it is only with the aid of a bit of looking-glass that betakes * peep of 
his work from time to time. The upper surfhoe exhibits merely loose thrrafls in di£> 





768 


JACQUABD. 


ferent points, according as the pattern requires them to lie upon the one side or the 


Thus it most be evident, that inch a number of paste-boards are to be provided and 
mounted as equal the nnmber of throws of the shuttle between the beginning and end 
of an y figure or design which is to be woven ; the piercing of each paste-board indi- 
vidually will depend upon the arrangement of the tebag rods, and their connection 
with the warp, which is according to the design and option of the workman ; great 
care must be taken that the holes come exactly opposite to the ^pds of the needles ; 
for this purpose twcflarge holes are made at the ends of the paste-boards, which fell 
upon conical points, by which means they are made to register correctly. 

It will be hence seen, that, according to the length of the figure, so must be the 
number of paste-boards, which may be readily displaced so as to remount and produce 
the figure in a few minutes, or remove it, or replace it, or preserve the figure for fbture 
use. The machine, of course, will be understood to consist of many sets of the lifting 
rods and needles, shown in the diagram, as will be perceived by observing the dispo- 
sition of tiie holes in the pnste-board ; those holes, in order that they may be accu- 
rately distributed, are to be pierced from a gauge, so that not the slightest variation 
shall take place. 

To form these card-slips, an ingenious apparatus is employed, by rhicL the proper 
steel punches required for the piercing of each distinct card, are placed in their relative 
situations preparatory to the operation of piercing, and also bp its means a card may 
be punched with any number of holes at one operation. This disposition of the punches 
is effected by means of rods connected to cords disposed in a frame, in the nature of 
a false simple, on which the pattern of the work to lie performed is first read in. 

These improved pierced cards, slips, or paste-boards, apply to a weaving apparatus, 
which is so arranged that a figure to be wrought can be extended to any distance along 
the loom, and by that means the loom is rendered capable of producing broad figured 
works ; having the long lever o placed in such a situation that it affords power to the 
foot of the weaver, and by this means enables him to draw the heaviest morintures 
and figured workB, without the assistance of a draw-boy. 

The machinery for arranging the punches consists of a frame with four upright 
standards and cross-pieces, which contains a series of endless cords passing under a 
wooden roller at bottom, and over pulleys at the top. These pulleys are mounted on 
axles in two frames, placed obliquely over the top of the standard frame, which pulley- 
frames constitute the table commonly used by weavers. 

In order better to explain these endless cords, fig. 1053 represents a single endless 
cord, 1 1 , which is here shown in operation, and part of another endless cord, 2 2, 
shown stationary. There must be as many endless 
cords in this frame as needles in the weaving-loom. 
a is the wooden cylinder, revolving upon its axis at 
the lower part of die standards: b a, the two pulleys 
of the pulley-frames above, over which the indivi- 
dual endless cord passes ; c is a small transverse ring: 

To each of these rings a weight is suspended by 
a single thread, for the purpose of giving tension to 
the endless cord, d is a board resembling a common 
comber-bar, which is supported by the cross-bars of 
the standard frame, and is pierced with holes, in sitna- 00 
tion and number corresponding with the perpendicu- BBL 
lar threads that pass through them ; which board * f j 
keeps the threads distinct from each other. 

At e, the endless cord passes through the eyes of 
wires resembling needles, which are contained in a 
wooden box placed in front of the machine, and shown 
in this figure in section only. These wires are called 
the / week-projector f ; they are guided and supported 
by boruontdl rods and vertical pins, the latter of 
which pass through loops formed at the hinder part 
of the respective wires. A t/are two horisontal rods 
extending the whole width of the machine, for the 
S? r CTL° f P~ docil, fi the cross in the cords \ g is a 
thick bru. plate, extending along in front of the ma- 
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with holes i A is t thkk steel plate of the same use as p, and shown likewise in section, 
corresponding also in its number of apertures, and their disposition, with the punch- 
projector* and the punch-holder. This plate A, is called the punch-receiver. 

The object of this machine is to transfer such of the punches as may be required for 
piercing any indiyidoal card from the punch-holder g, into the punch -receiver A ; when 
they wul be properly situated, an& ready for piercing the individual card or slip with 
such holes as have been read in upon the ifiachine, and are required for permitting the 
warp threads to be withdrawn in the loom, when this card is brought against the ends 
of the needles. The process of transferring the patterns to the punches will be effected 
in the following manner. 

The pattern is to be read in, according* to the ordinary mode, as in a false simple, 
upon the endless cords below the rods /, and passed under the revolving wooden 
cylinder a, to a sufficient height for a person in front of the machine to reach conve- 
niently. He there takes the upper threads of the pattern, called the beard, and draws 
them forward so as to introduce a stick behind the cords thus advanced, as shown by 
dots, for the purpose of keeping them separate from the cords which are not intended to 
be operated upon. All the punch-projectors which are connected with the cords brought 
forward will be thus made to pass through the corresponding apertures of the punch- 
holder g, and %y this meansVill project the punches out of these apertures, into cor- 
responding apertures of the punch-receiver A. The punches will now be properly 
arranged for piercing the required holes on a card or slip, which is to be effected in 
the following manner. 

Remove the punch-receivers from the front of the machine ; and having placed one 
of the slips of card or pasteboard between the two folding plates of metal, completely 
pierced with holes corresponding to the needles of the loom, lay the punch-receiver 
upon those perforated plates ; to which it must be made to fit by mortises and blocks, 
the cutting parts of the punches being downwards. Upon the back of the punch- 
receiver is then to be placed a plate or block, studded with perpendicular pins, corre- 
sponding to .the above described holes, into which the pins will fell. The plates and 
the blocks thus laid together, are to bo placed under a press, by which means the pins 
of the blocks will be made to pass through the apertures of the punch-receiver ; and 
wherever the punch has been deposited in the receiver by the above process, the said 
punches will be forced through the slip of pasteboard, and pierced with such holes as 
are required for producing the figured design in the loom. 

Each card being thus pierced, the punch-receiver is returned to its place in front of 
the machine, and all the punches forced back again into the apertures of the punch- 
holder as at first The next set of cords is now drawn forward by the next beard, 
as above described, which sends out the punch-projectora as before, and disposes the 
punches in the punch-receiver, ready for the operation of piercing the next card. The 
process being thus repeated, the whole pattern is, by a number of operations, transferred 
to the punches, and afterwards to the cards or slips, as above described. 

JADE, axe-stone (Nephrite, Ceraunite, Fr.; BeiUtein, Germ.), is a mineral of a 
greenish, bluish, or whitish colour, compact, and of a fetty lustre. Spec. grav. 3*95 ; 
scratches glass ; is very tough ; fuses into a white enamel. It comes from China, and 
has been found in Australia ; it is used among rude nations for making hatchets; and 
is susceptive of being cut into any form. In China the jade is greatly valued, espe- 
cially the pure white varieties. These are worked into cups, and as ornaments for 
the Joo-e, or emblem of power. 

The composition of jade, as given by Kastner and Raunuelsberg, is — 


Silica 50*50 - - 54*08 

Magnesia 81*00 - - 36*01 

Lime - -- -- -- -- 16*06 

Protoxide of iron ------- 8*15 

Peroxide of iron .... 5*50 

Alumina ----- 10*00 

Chromium - • 0*05 H. W. fi. 


JAPAN EARTH. Terra Japonic*. See. Gaxbib. 

JAMAICA PEPPER. One of the names given to Allspice, which see. 

JAPANNING is a kind W varnishing or lacquering, practised with excellence by 
the Japanese, whence the name. 

The only difference between vanishing and japanning is that after the application 
of every coat of colour or varnish, the object so varnished is placed in an oven or 
stove at as high a temperature as can safely be employed without injuring the articles 
or Ausing the varnish to Mister or run. 

For black jajpanned works, the ground is first prepared with a coating of black, made 
by mixing dross ivory black to a proper consistence with dark coloured oabid 
varnish, as this gives a blacker surface than could be .produced by japan alone. If 
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tbe surfeoe Ss required to be polished, five or six coots of japan are necessary to give 
sufficient body to prevent the Japan from being robbed through in polishing. 

Coloured Japans are by mixing with some hard Tarnishes the required colour, 
and proceeding as described. 8ee Varnish. 

JARGOON, the name given to a variety of Zircon from Ceylon. It is seldom 
perfectly transparent, and is either colourless or grpy, with tinges of green, blue, red, 
and yellow of various shades, but generally smoky and ijl-defined. It occurs in worn 
angular pieces, or in small detached crystals, rardv exceeding 6^8 carats in weight, 
chiefly in the sandof a river in Ceylon. The surfaces of the crystals are zmooth, and 
possess a lustre more nearly approaching that of the diamond than any other gem. 
At the present day, though oat of feshion*and in no request, it is still occasionally 
sold for inferior diamonds. 

Davy says that the light grey varieties of the xircon are sold by the inhabitants of 
Ceylon as imperfect diamonds, the natives being altogether ignorant of the true 
nature of the mineral It is most abundant in the district of Matura, whence it has 
its common name in Ceylon of Matura diamond. The colourless xircon is also cut 
and sold as a false diamond in the bazaars of India. — H. W. B. 

JASPER ( Jaap* cokedome, Fr.; Jcupi s, Germ.) is a sub-species of quarts, of which 
there are five varieties. 1. The Egyptian red and brown, forming modules with 
ring or tendril-shaped delineations. 8. Striped jasper, or clay altered by heat, and 
differing from true jasper by being fesible on the edges, before the blowpipe. 8. 
Porcelain riband or jasper. 4. Common jasper. 5. Agate jasper. The prettiest 
specimens are cut for sods, and for the inferior kinds of jewellery ornaments. See 
Lapedart. — H. W. B. 

JATROPHA M ANIHOT. A plant belonging to the Euphorbiaceo, from which 
the CasMvameal I b prepared, and from the express juice of which is obtained Cassava 
starch and Tapioca. See Tapioca. 

JEAN. A twilled cotton, usually striped. Statin-jeans are woven so as to present 
a smooth glossy appearance. It is used for stays, &c. 

JELLY, ANIMAL. Sec Gelatine, Glue, and Isinglass. 

JELLY, VEGETABLE. A great many vegetable productions yield upon inftision 
or decoction gelatinous solutions. These vary very much in character. The jelly of 
ripe currants and other berries, is a compound of mucilage and acid, which loses its 
power of gelatinising by prolonged ebullition. 

JEMM1E8. A woollen cloth made in Scotland. 

JERKED BEEF. Beef dried in the sun: much of this has lately been introduced 
from the South American States, hut it has not hitherto been much used, although it 
is sold at a very low price. 

JESSAMINE or JASMINE. A well-known femily of plants. The Jasmium 
fruticans , a native of the southern parts of France, J. odoratissmum , a native of India, 
and J. smnbac , a native of India and Arabia, are used to obtain the essential oil 01 
jasmine. See Pebfumert. 

JET. (. Jaiet, or jais, Fr.) Jet occurs in the upper lias shale in the neighbourhood 
of Whitby, in Yorkshire, in which locality this very beautifol substance has been 
worked for many hundred years. The jet miner searches with great care the slaty 
rocks, and finding the jet spread out, often in extreme thinness between* the lamina- 
tions of the rock, he follows it with great care, and frequently he is rewarded by its 
thickening out to two or three inches. 

The beet jet is obtained from a lower bed of the upper lias formations. This bed 
has an average thickness of about 80 feet, and is known as jet rock. An inferior 
kind, known as soft jet, is obtained from the upper part of the upper lias, and from the 
sandstone and shale above it The production of jet in this country appears to be 
limited to the coast of Yorkshire, from about nine miles south of Whitby to Boulby, 
about the lame distance to the north ; the estates of Lord Mulgrave being especially 
productive. There is a curious allusion to this in Drayton’s Polyolbion. 

The rocks by Mooltgrare, too, my glories forth to set. 

Out of their crannied rocks can give yon perfect Jet. 


Dr. Young, in his Geology of theYorkshire Coast, writes — " Jet, which occurs here in 
considerable quantities in the aluminous bed, may be properly classed with (basil wood, 
as it appears to he wood in a high state of bitumenisation. Pieces of wood impregnated 
with stiex are often found completely crusted witji a coat of jet about an inch thick. 
But the most common form in which the Jet occurs is in compact masses of from 
half mu inch to two inches thick, from three to eighteen inches broad, and often or 
twelve ftetlong^ The outer surface is always marked with .longitudinal atrim, like 
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oan learn, of any discovery of true Jet having a strictly ligneous s t r ucture , or showing 
anything like the oouYersion of wood into this eoal-uke snbstanoe. There appears, 
however, to hare been some eonftaaUm in the observations ofthoae who have written 
on the subject Mr. Simpson, the intelligent enrator of the Whitby museum, who 
baa paid mooh attention to the subject, says, “ Jet ia generally eonaideved to have 
been wood, and in manj oaaea it undoubtedly haa been ao ; for the woody structure 
often remains, and k is not unlikely thah comminuted vegetable matter may have 
been changed into to. But it is evident that vegetable matter is not an essential 
part of jet, for we frequen tly find that bone, and the scales of fisnes also have been 
changed into jet In the Whitby Museum there ia a large mass of bone, which has 
the exterior converted into jet for about a quarter of an inch in tbirlmriea The 
jetty matter appears to have first entered the pores of the bone, and there to have 
hardened ; and during the mineralising process, the whole bony matter has been 
gradually displqced, and its place occupied by jet, so as to preserve its original form." 
After an attentive examination of this specimen, we are not disposed to agree 
entirely with Mr. Simpson. 

Jet certainly incrusts a mass which has something the structure of a bone, but, 
without a chemical examination of its constituents, we would hesitate even to say it was 
bone. Woodtaittyut doub^has been found encnuted with jet, as fragments of 
matter may also have been. But it is quite inconsistent with our knowledge of physical 
and chemical changes, to suppose that both animal and vegetable matter would undergo 
this change. By proceaa qf substitution, we know that silica will take the place occupied 
by carbon, or woody matter ; as, for example, in the fossil palms of Trinidad, and the 
silicified forests of Egypt ; but we have no example within die entire range of the 
coal formations of the world of carbon taking the place of any of the earths. 

Jet is found in plates, which are sometimes penetrated by belemnites. Mr. Ripley, of 
Whitby, has several curious examples, — two plates of jet, in one case endow water- 
worn quarts pebbles ; and in anoti&r jet partially invests an angular fragment of 
quarts rock. “ This is the more remarkable," says Mr. Simpson, M as quarts rock, or, 
indeed, any other sort of rocky fragment, is rarely found in the upper Gas." 

The very fact that we find jet surrounding belemnites, casing adventitious masses 
of stone, and investing wood, seems to show, that a liquid, or at all events, a plastic 
condition, must at one time have prevailed. We have existing evidence of this. Dr. 
Young, in the work already quoted, says : — “In the cavities of nodules containing 
petrifketions, we sometimes meet with petroleum, or mineral oiL When first exposed, 
it is generally quite fluid and of a dark green colour ; but it soon becomes viscid and 
black, and at last hardens into a kind of pitch, which generally melts with heat, and 
when ignited burns with a crackling noise, and emits a strong bituminous smell." 
One more sample of evidence in flavour of the view that jet has been formed from 
wood. It is stated (i feed's Illustrated Guide to Whitby) that in front of the cliff- 
work of Haiburne Wykc existed a petrified stomp of a tree, in an erect posture, three 
feet high, and fifteen hushes across, having the roots of coaly jet in a bed of shale; 
whilst the trunk in tile sandstone was partly petrified, and partly of decayed sooty 
wood. Even in tins example it would appear, that after all, a coating of jet was all 
that really existed upon this example of the equisetum, which probably stands where 
it grew. Mr. Simpson, in a valuable little publication, M The Fossils of the Yorkshire 
Lias described from Nature, with a short Outline of ike Geology qf the Yorkshire Coast, n 
says : — «• From all we know respecting this beantiftd mineral, it appears exceedingly 
probable that it has its origin in a certain bitnminoos matter, or petroleum, which 
abundantly impregnates the jet-rock ; giving out a strong odonr when it is exposed 
to the air. It is frequently found in a liquid state in the chambers of ammonites and 
belemnites and other cavities, and, whilst the unsuspicious operator is breaking a lias 
nodule, it flies out and stains his garment This petroleum, or mineral oil, also 
occurs in nodules which contain no organic remain*; and I have been informed by 
an experienced jet miner that such nodules are often associated with a good seam of 
jet, and are therefore regarded as an omen of succeta.” 

Jet is supposed to have been worked in this country long before the time of the 
Danes in England, for the Romans certainly used jet for ornamental purposes. Lionel 
Charlton, in the history of Whitby, says, that he found the ear-ring of a lady having the 
form of a heart, with a hole in the upper end for suspension from the ear, it was found 
in one of the Roman tumuli, lying«cloce to the jaw bone. There exists no doubt that 
when the abbey of Whitby was the sett of learning and the resort of pflgnms,jet 
rosaries and crosses were common. The manofheture was earned on till the time or 
Elisabeth, when it seems to have ceased suddenly, and wss not resumed till the year 
180$ when. Robert Jefferson, a painter, and John Carter made beads, and crosses with 
files and knives: — a neek guard, made in this manner, fetched one guinea. A stranger 
coming to Whitby saw them w orking in this rude way, and advised them ti> trr to tarn 
it; thev followed his advice and found it answer ; several more then Joined them, and 
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the tnde has been gradually increasing since. Most of the best jet ornaments are 
sent to London j the inferior ones are mostly purchased for the Ameri c an market 

The jet workers complain of the great scarcity of designs in jet Several designs 
bare been sent them, but the artists not being acquainted with the peculiarities of the 
material, their am not generally applicable, and the manufacturer is modi 

mom sncoessfol in the imitation of natural objects^han any artificial combination, 

JETSAM Goods cast into the sea from a ship in stress of weather i flotsam being 
the portion of a ship and cargo whioh remains floating « qxm tfuusxtiern and lagan, or 
Ugan-goods, being merchandise which is cast overboard, and sunk with a buoy 
attached, so that they may be possibly discovered. 

JEWELLERY. See Gxx and Lapidary. 

JEWELLER'S GOLD. Usually an alloy of about 85 per cent of copper with 75 
.of gold. See Allot. 

JEWELLER'S ROUGE. A carefully prepared peroxide of /iron, used for 


J EW'S PITCH. A fine variety of asphaltum. 

JIGGING, a mining term. Separating the ore with a griddle, or wire-bottomed 
sieve, the heavier substances passing through to the bottom or lower part of the 
sieve, the lighter substance remaining on the upper part*" ft * 

JINTA WAN. A substance somewhat resembling caoutchouc, imported from 
India. 

JUJUBE. The fruit of the Lizyphus vulgaris and L. jujuba , about the rise of and 
nearly resembling a small plum. The French confectioners prepare a losenge from 
the juice of the fruit, but nearly all the jujubes sold by our druggists and confectioners 
are merely dried mucilage, flavoured and sweetened. 

JUMPER, a mining term. A large borer, steeled at each end like chisel bits. It 
is worked by the hand. 

JUNIPER. A genus of plants belonging i& the order Conifera. About twenty 
species are known. This plant is cultivated mostly for its berries, which, when dis- 
tilled with water, yield a volatile essential oil. The berries are hugely employed in 
the manufacture of Hollands and gin. The French name of the plant is Genevre, and 
hence our English words “ gin ” and “ geneva.” 

The Juniperus Bermudiana , the Bermuda red cedar, is a large tree with soft and 
fragrant wood, and is what is used in making pencils, and by cabinet makers. 8ee 
Cedar. 

JUTE consists of the fibres of two plants, called the chonch and isbund ( Corekorus 
ditorius and Corchonu capsularis \ extensively cultivated in Bengal, and forming, in 
fact, the material of which gunny bags and gunny cloth are made. It fetches nearly, 
though not quite, so high a price as sunn. See Sunn. It comes into competition 
with flax, tow, and codilla, in the manufacture of stair and other carpets, bagging for 
cotton and other goods, and such like fabrics, being extensively used for these pur- 
poses in Dundee. But it is unsuitable for cordage or other articles into which hemp 
is manufactured, from its snapping when twisted, and rotting in water. — M*CuUoch. 

The importance of jute as an article bf manufacture is shown by the following 
statement of the exports from India. 







Cwts. 

f 

Total Value. 

1850 - 





891,098 

* 

88,989 

1851 - 





084,461 

196,936 

180,976 
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535,027 

1853 - 





340,797 

IM 
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509,507 

1855 - 




m m 

699, 566 

880,841 

1856 - 




m m 

889,715 

329,076 

1857 - 




m m 

673,416 

274,957 

1858 - 




• • 

788,890 

808,892 

1859 - 


■ 



817,890 

585,099 

1860 - 




m m 

761,201 
, 1,099,668 

890,018 

1861 - 




m m 

409,372 

1862- 




m m 

1,239,279 

537,610 

1868 - 





1,266,884 

750,456 


In 1864 our total imports of jute were 8, 024,537 cwts; total value, 8,198,4984: 
and jute yam, 1,265,317 lbsi declared value, 58,1594: and in 1865, of jute, 2,108,948 
ewtSi valued at 1,774,992/ ; and of jute yarn, 1,858,004 lbs, valued at 49,7594 
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It is in Scotland especially where goods made from Jute represent a large branch 
of industry. This very cheap raw material is employed there either pure or mixed, 
to make ordinary brow n doth, hut more especially sacking, packing doth, and 
carpets. The jute yams used for carpets are of the richest and most varied colours, 
and are sometimes used in conjunction with cocoa-nut fibre. Even the Brussels and 
velvet-pile carpets are imitated erith success in appearance bat not in durability. 
Dundee and its surrounding neighbourbiM are the principal seats of this fost in- 
creasing manufoetuna. The number of spindles acting on jute indDundee is now not 
much short of 40,000, and we are informed that the consumption has reached 50,000 
tems annually, at prices varying from 2f£ to 5d. the pound. A very beantifol doth 
for binding hooks is made from jute, aiM we learn, with no small degree of regret 
that it is employed for sophisticating silks and other expensive articles of textile 
manufacture. 

The rapid jftogress of the jute manufacture is to be accounted for by the low cost 
of the material, and its possessing a considerable amount of spinning quality. See 
Jurors' Report, International Exhibition, 1868. 


K. 


K A BOOK. A name for a clay ironstone in Ceylon. — Simmmds. 

KAL. " Wild iron ; a coarse, false kind of iron ” (Borlasc). A mining term. 
In St Just, in Cornwall, a callan lode is a lode containing much iron. 

K ALEIDOPHON. An instrument devised by Prof. Wheatstone. An elastic thin 
bar is fixed by one of its extremities, and at its free end it carries a silvered or 
polished ball ; a ray of light is reflected from this ball, and when the thin plate is put 
in vibration, the fine point of light describes various curves, corresponding with the 
musical notes produced by the vibrations. 

KALEIDOSCOPE. A well-known irstrament invented by Sir David Brewster. 
It haa been much employed in arts of design. The leading conditions are that the 
angle at which the reflectors are placed is a submnltiple of 360°, that the only positions 
in which a body can be placed to form perfectly symmetrical images are between the 
ends of the mirrors, or in contact with the ends, and the eye must be as near as pos- 
sible to the angular point. 

KALI. The Arabs gave this name to an annual plant which grows near the sea- 
shore t now known under the name of salsola soda, and from whose ashes they ex- 
tracted a substance which they called alkali , for making soup. The term kali is nsed 
by German chemists to denote cauBtic potash *, and halium , its metallic basis ; instead 
of our potash and potassium, • 

KAMPTULICON. This article was first made in the year 1843, bat, like most 
new productions, it remained for some time unappreciated. At length it was used 
by Sir Chtrles Barry for the corridors of the Houses of Parliament 

At first, it was produced in its unstained colour, hut subsequently it has been 
stained of many different colours. It is also impressed with surface colour designs of 
varied and appropriate subjects. It is an admirable recipient of colour, which 
penetrates throughout its substance, and remains permanent, Kamptnlicon is com- 
posed of gutta-percha, india-rubber, and ground cork. 

Other materials have been tried, each as prepared oil and pound cork, hut this 
has not been very successful. In some, sawdust bos been substituted for cork. 

One of the great advantages of kamptnlicon is its property of deadening sound. 
The Kamptnlicon Elastic Floor-Cloth Company, who have extensive works at Bow 
Common, fornish the following notice of this manufacture : — 

Owing to the increased demand for the kamptnlicon elastic floor- doth, it has 
necessitated the erection of further buildings, with additional steam-engines and 
machinery, by which it is Dow produced in a variety patterns at a for less cost 
than before, and of a superior mannfoctnre. This article being a combination of cork 
and india-rubber, forma a noiseUfta and elastic material, and being thoroughly im- 
pervious to damp, is ind es tructible, and always remains soft and warm to the 

feet. It is made quite plain, or figured in imitation of carpet, mosaic, or any patterns 
desired. It is especially adapted for stone floorings, for chnrches, institutions, rail- 
way-rooms, libraries, foe., fro. . _ _ 

The first part of the manufacturing process is the purification of the native caout- 
chouc or inuu-rubber. It is first put to soak into large water tanks heated by steam, 
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aod when sufficiently softened, is placed before a circular knife of cast steel, revolving 
at Ike rate of 3,000 times a minute, and eat into small bloeksi and is then taken to a 
pair of powerful east steel rollers, which seise it, and grind it with immense force; 
and aided by a Jet of water, all the clay and foreign ingredients are expelled and 
washed away ; it is passed several times through this machine, till it is perfectly free 
from all impurities when it is taken to a formidable apparatus, called the masticator, 
which eonsuto of a massive structure of Iron, fitted with cyli nders , of which every 
part, being sutyeetQo a violent straining^ is rendered as strongaikpMIble. The material 
having bean of a loose though tough mass, on enteringnus machine, is gradually 
crushed and worked down into a body of consistent substance, and has altered to a 
light-brown colour. This process is attended with the evolution of much heat, 
caused by the immense friction in the working of the material, and any water yet 
remaining in the mass is actually conv e rt e d into steam, a succession of explosions 
constantly being heard in the apparatus from the disengaged air or steam ; it is then 
removed and worked into the proper consistency, by being passed through deeply 
indented rollers, which forther grinds and incorporates it with the different colours, 
Ac., for spreading upon doth and rolling into sheets for steam-packing) this is the 
most tedious and expulsive part of the manufacture, as it goes through several pain 
of similar rollers, which require great mechanical power. After being brought to 
this state, which is varied according to the purpose for which it is required, it is 
taken to a still larger set of rollers, which consists of four cast- steel cylinders, each 
of twenty-two inches diameter, and sixty-two on the free ; these rollers are beauti- 
fully turned and polished, fitted with steam connections, as well as for hot and cold 
water, and an estimated to have cost upwards of 1,500/., there being great difficulty 
in obtaining rollers of so large a fixe. 

The material forms a sheet upon the first roller, and as it passes over, is pressed 
into the doth through the other rolls and wound off in front of the machine on a 
roller connected with it, the average speed of the machine is such as to produce 
1,500 to 2,000 yards per day. After leaving the machine, the fabric or rubber is 
subjected to the vulcanising process by being placed with sulphur in tempera- 
tures of from 300 to 370 degrees of heat, which renders the india-rubber highly 
elastic, and gives it the properties of resisting the influence of grease or acids. 
The whde of the machinery is worked by a pair of horisontal double cylinder 
engines of sixty hone-power, and one engine of thirty horse-power. Space will 
not permit ua to describe the further machinery for making all the various articles 
in detail. 


KANO AROO. A marsupial animal, native of Australia. Its tail makes excellent 
soup, and its skin, when tanned, becomes a soft and durable leather. 

&AOLIN or PORCELAIN CL AT ( Term d poredaitu, Ft. ; ForzeBanerde , Germ.) 
is the name given by the Chinese to the fine white day with which they febricate 
the biscuit of their porcelains. 

Kaolin is generally a hydrous silicate of alumina, expressed by the formula 
A1 Sit- fib— Silica 40*0, alumina 44*5, water 15*5. The kaolins possess very cha- 
racteristic properties. They are friable in the hand, meagre to the loach, and 
difficultly form a paste with water. When freed from the coarse and evidently 
foreign particles interspersed through them, they are absolutely infusible in the porce- 
lain kiln, and retain their white colour i 


utered. They harden with heat like 
other days, and perhaps in a greater degree ; but they do not acquire an equal con- 
densation or solidity, at least when they are perfectly pure. Most of the kaolin 
days contain some spangles of mica, which betray their origin from disintegrated 
granite. 

This origin may be regarded as one of their moat distinctive features. Almost all 
the poreddn days are evidently derived from the decomposition of the fdsp 

tafried in granite, principally in those racks of felspar and quarts called o 

granite Hence they are to be found only in primitive mountain districts, among 
hanks or b locks of granite, forming thin seams or partings between them. In the 
asm partings quarto and mica oeour, being the undeoompoaed portions of the granite ; 
wUe eomc j sa ms of kaolin retain the external form of felspar. 

The aMT valuable kaolins have been found * 
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rock called Pe-ton-tse, which exists here in every stage of decomposition. This 
kaolin is generally white, bat sometimes a little yellowish, with hardly any mica. It 
is meagre to the toads* and some beds include large grains of quarts* called pebbly 

S r the Chin* mannfkctnrare. This variety, when ground, affords, without the ad- 
tion of any ftislble ingredient, a very transparent porcelain. 

Near Bayonne. A kaolin poAessing the lamdlated structure of felspar in many 
places. The rock containing it is a graphic granite in every stage of decomposition. 

In England, in tife counties of Devonshire and CcmwalL Tins kaolin or China- 
clay is very white, and more unctuous to the touch than those upon the continent of 
Europe mentioned above. Like them it remits from the decomposition of the felspars 
entering into the composition of granite.' 

Nature has, np to a certain point, provided the article which man requires for the 
elaboration of the moat perfect production of the potter’s art. The elay— China 
clay, as it is commonly called, or kaolin, as the Chinese have it — it quarried from 
amidst the granitic m a s s e s of Dartmoor and of Cornwall. We are not at all satisfied 
with any of the theories which have been pat forward to account for the formation of 
porcelain clay. It is commonly stated to be a decomposed granite ; this rook, as is 
well known^Bomusting of mica, quarts, and felspar, with sometimes short and horn- 
blende. The felspar is supposed to have decomposed ; and, as this forms the largest 
portion of the mass, the gnmite is disintegrated by this process. We have, therefore, 
the mica, quarts* and the elay, forming together a soft mass, lying hat a short dis- 
tance below the surface, hut extending to a considerable depth. It is quite evident 
that thie stratum is not deposited ; had it been so, the particles constituting the mass 
would have arranged themselves in obedience to the law of gravity, towards which 
there is not the slightest attempt Bat we do not know by what process the decom- 
position of the solid granite could have been effected to a depth from the snrfkce 
of upwards of one hundred feet ancVthen, as it often does, suddenly to cease. This, 
however, is a question into which we cannot at present enter. The largest qnantity 
of porcelain or China clay is manufactured in Cornwall, especially about St AnsteU 
and St Stephens ; from which, in 1859, about 60,000 tons were sent away to the 
potteries, and for paper- making and bleaching. 

A spot being discovered where this substance abounds, the operation is commenced 
by removing the vegetable soil and substratum, called by the workmen the overburden, 
which varies in depth from about three to ten feet The lowest part of foe ground is 
then selected, in order to secure an outlet for foe water used in washing foe day. 
The overburden bring removed, foe clay is dug up in slopes : that is, in successive 
layers or courses, and each one being excavated to a greater extent than foe one 
immediately below it foe stapes resemble a flight of irregular stairs. The depth of 
foe china day pits is various, extending from twenty feet to fifty feet 

The elay when first raised has foe appearance and consistence of mortar; it con- 
tains numerous grains of quarts, which are disseminated throughout in foe same 
manner as in granite. In tome parts foe day is stained of a rusty colour, from the 
pre s e nce of veins and imbedded portions or shorl and quarts ; these are called by 
foe workmen weed, caple , and shell, which are carefhlly separated. The day is next 
conveyed to foe floor of foe washing place, and is then ready for foe first operation 
of the process. 

A heap of foe day bring placed on an inclined platform, on which a little stream 
of water fhlls from foe bright of about six feet, foe workman constantly moves it and 
tons it over with a piggk and shovel, by which means foe whole is gradually 
carried down into an oblong trench beneath, which la also inclined, and which ends 
in a covered channel that leads to foe catch-pits about to be described. In the trench 
the grains of quarts are deposited, hut foe other parts of foe day, in consequence of 
their greater levity, are carried away in a state of suspension. 

This water is conducted into a series of pits, each of which is about eight feet long, 
four in breadth and in-depth, and is lined on foe sides and bottom with cut moorstoue, 
laid in a waterproof cement. In these pits foe porcelain earth is gradually deposited. 
In foe first pit foe grosser particles collect ; and being of a mixed nature, are always 
rejected at the end of each day’s work fay an opening provided for that purpose at 
foie bottom of the pit When the water has filled the first pit it overflows into the 
second, and in like manner into the third ; and in these pits, particularly u foe 
second, a deposit also takes place, which is often preserved, and is called by foe 
workmen aura. The water, still holding in suspension the finer and purer pa r ti cl es 
of porcelain day, next overflow s into larger pita, called ponds, which are of foe same 
depth aa foe first pita, hot shoot three times as long and wide. Here the day .is 
gradually deposltea, sndthe deer supernatant water u from time to time discharged 
typiagidSon one rid* of the poXTafa ptomm is continued nntil, by sncccsritc 
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accumulations, the ponds are filled. At this stage the day is in the stste of a thick 
paste ; and to complete the process it only remains to be consolidated by drying, and 
then it is fit for the market 

This, however* is a tedious operation in oar damp climate, and is effected as 
follows : — The moist clay is remov e d in hand-barrows into perns, which are con- 
structed like the pits and pond*, but are pmch larger, being about forty fleet long, 
fifteen wide, and a foot and a half in depth. The above dimensions may not be quite, 
correct* for I did mot actually measure the pits; they are, however, very near the 
truth. When the pans are nearly filled, the clay is levelled, and is then allowed to 
remain undisturbed until it is nearly dry. , The time required for this part of the 
process must depend in a great measure on the state of the weather and the season of 
the year, because the pans are exposed to the air. During the winter at least eight 
months are neoessu^, whilst during the summer less than half the time is sufficient 

When the elay is in a fit state, it is cut into oblong masses, and carried to the dry- 
ing house,— an oblong shed, the sides of which are open wooden frames, constructed 
in the usual way for keeping off the rain, but admitting the free passage of the air. 

The elay thus dried is neat temped perfectly dean, and is then packed np into 
casks, and carried to oue of the adjacent porta, to be shipped for the^otteriea. 

The porcelain earth thus prepared is of a beautiful and uniform" whiteness, and is 
perfectly smooth and soft to the touch .—Dr. Boaoe't Geology of Cornwall . 

1477 



The works at lee Moor, on the borders of Dartmoor, being, however, for more 
complete, we tove *elected them as the beat for our description. See fig. 1477. 

Here we see a ouarry of this decomposed granite, shining white in the sunshine, and 
at the bottom of this qnarry are numerous workmen employed in filling trucks placed 
upon a tramway. This native material is now carried off to a house, distinguished 
by the powerful water-wheel which revolves on one side of it, and here it undergoes 
its first process in manufacture. The trucks are lifted, and the contents discharged 
into a hopper, from which the clay foils into inclined troughs, through which a stromr 
current of water puiej, and the day is separated from the large particles of quarto 
theBe . b tf n §[ dlich “?® d ®“ r * through which flows the water charged 

with the elay and the finer 'matter, foe eoarser portion sliding off the grating, and fofflng 
in a toapoutridethe building. The water contains not only the pure day, but the 
four particles of silica, mica, shorl, or of any other mattertf which may be mixed with 
tiie mass. To separate these from the elay, very complete arrangements are 
Large and deep atone tanks receive the water as it crimes from the mill, in these the 
heavier particles settle ; and when each tank becomes foil, the mica, fee., is discharged 
through openings in the bottom, into trucks plaoed to receive it on a railway, and this 
****** workjl eliew “ CT * 11 tore preserved for other uses, to 

^ WBter ’ Purged to clay, now flows slowly and 
qitietiy through a great length of stone channel, and during its progress nearly all the 
ms and other particles subside; the water eventually flowing into very large 
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pits, in which the clay is allowed slowly to deposit The water enters in a thin sheet 
at one end, and gradually diffuses itself over the large area. The day, in an impalpa- 
ble powder, Alls down,' and perfectly clear water passes away at the other end. From 
the day tanks marked a and b in the plan, the semi-fluid day is pumped into the 
day-pans, beneath which there circulates hot-water pipes, and in these the day is 
finally dried. When a thiokness*of about eighteen inches is obtained, evaporation is 
promoted by the graduated artificial templrature produced by the water pipes. After 
a little time, the clap is sufficiently hard to be cut out, and subjected to its final drying. 
The clay is cut out in squares of about eight inches, so that they form parallelograms 
when removed from the bed. These are then placed in heated rooms, and being still 
fhrther dried, are fit for the market 9 
Dr. Richardson gives the following analyses of kaolin previoudy dried at 212°. 


l it. ni. 

Silica 46*82 46*29 36*65 

Alumina 3974 40 09 82*50 

Protoxide of iron - - - - - *27 *27 1*65 

Lime ------- *36 ^ *50 traces. 


magnesias ------- — „ 

Water and some alkali - 1 2*67 12*67 30*05 

99*80 99*82 99*85 

The production of china clay in Cornwall has been as follows : — 

Tons. 

1861 60,750 

1862 61,550 

1863 ---• 92,500 

1864 95,730 

1865 94,520 


Devonshire produced in each year of 1864 and 1865 about 8,500 tons. 

The clay found near Newton Abbot in Devonshire, and extending to Bovey Tracey, 
is a kaolin derived from the granitic districts, but nature has done the work of wash- 
ing and not man. This clay is shipped from Teignmouth, and is hence commonly 
called Teignmouth Clay. In 1864, 37,824 tons were shipped; in 1865, 42,038. 

KAR ABE', a name of amber, of Arabic origin, in nse upon the Continent 

K ARN. A Cornish miner's term, frequently, according to Borlase, used to signify 
the solid rock ; — more commonly a pile of rocks. 

KARSTEN1TE. The name given by Haua to anhydrous sulphate of lime. 

KATTIMUNDOO or CUTTEMUNDOO. A caoutchouc-like substance ob- 
tained from the Euphorbia antiquorum of Roxburgh. It was first exhibited in 
this country in the Great Exhibition of 1851, being sent by Mr. W. Elliott from 
Vixagapatam. 9 

It was of a dark brown colour, opaque except in thin pieces, hard and somewhat 
brittle uncommon temperatures, bat easily softened by heat Perfectly insoluble in 
boiling water, bat becoming soft, viscid, and remarkably sticky and adhesive like 
bird-lime, re-assuming, as it cools, its original character. 

It is said to be used for joining metal, fhitening knife -handles, &c. 

SEDGE ANCHOR. A small anchor with an iron stock used for warping. 

KEEL. A barge used on the Tyne to carry coal These barges are constructed 
to carry 21 tons. The keel “ is worked by means of one oar at the gunwale and a 
sweep at the stern. Of late years the build and rig of these vessels have been so 
greatly improved, that they can now work to windward in aa good a style as a sloop/’ 
Dunn, Winning and Working qf Collieries. 

KEELER. A manager of coal barges and colliers in the Durham and Northum- 
berland district 

KEG. A cask containing five gallons. 

KEEVE, a mining term ^ A large vat used in dressing ores : also a brewer's term 
for a mash tub. 

KEIR. A boiler used in bleaching establishments. See Bleaching. 

KELP (Farec, F.; Wartel Germ.) is the crude alkaline matter produced by 
incinerating various species of foci, or sea-weed. They are cut with sickles from the 
rocks in (he summer season, dried and then burned, with much stirring of the misty 
affh. Dr. Ure analysed many specimens of kelp, and found the quantity of soluble 
matter in 100 parts of the best to be from 53 to 62, while the insoluble was from 47 to 
38. The soluble consisted of— 
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Sulphate of soda ------ 8*0 19*0 

Soda in carbonate and sulphuret - - - 8 a fi 0*5 

Muriate of aoda and potash - 8£5 87*5 

58*0 69*0 

The Insoluble matter consisted of— 

Carbonate of lime - - - c - - 94*0 10*0 

Silica 8*0 00 

Alnmma4inged with iron oxide ... 9*0* 10*0 

Sulphate of Ume ------ 0*0 9*5 

Sulphur and loss - - - - - 6*0 8*5 

100*0 100*0 


The first of these specimens was from Heieker, the second from Rona^Vrth in the Isle 
of Skye, upon the property of Lord Macdonald. From these, and many other analyses 
which were made by Dr. Ure, it appears that kelp is a substance of very variable 
composition, and hence it was very apt to produce anomalous results, when employed 
as the chief alkaline flux of crown glass, which it was for a very long period. The 
Fucus vesicubsus and *Fucus nodosus are reckoned to afford the^best* kelp by in- 
cineration ; but all the species yield a better product when they are of two or three 
years* growth *h*n when cut younger. The varec made on the shores of Normandy 
contains almost no carbonate of soda, but much sulphate of soda and potash, some 
hyposulphite of potash, chloride of sodium, iodide of potassium, and chloride of potas- 
sium; the average composition of the soluble salts being, according to M. Gay-Lussac, 
56 of chloride of sodium, 95 of chloride of potassium, and a little sulphate of potash. 
The very lowprioe at which soda ash, the dry crude carbonate from the decomposition 
of sea salt, is now sold, has nearly superseded the use of kelp, and rendered its 
manuihoture utterly unprofitable. When the common sea wrack, commonly used 
for producing kelp, is incinerated in a closed crucible, it gives a charcoal termed 


KENTISH BAG. See Rag and Ragstonb. 

KEROSENE. A name given to one of the mineral oils, obtained from the oil 
wells and oil shales of America, and other places. 

KERMES GRAINS, ALKERMES, are the dried bodies of the female insects of 
the species Coccus ilicis, which lives upon the leaves of the Quercus ilex (prickly oak). 
Kirby and Spence, and also Stephens, state that the Coccus iUcis is found on the 
Quercus coocifera. The word kermes is Arabic, and signifies little worm. In the 
middle ages, this dye stuff was therefore called vermiculus in Latin, and vermeil and 
vermilion in French. It is curious to consider how the name vermilion has been since 
transferred to red sulphuret of mercury. 

Kermes has been known in the East since the days of Moses ; it has been employed 
from time immemorial in India to dye silk ; and was used also by the ancient Greek 
and Roman dyers. Pliny speaks of it unto the name of coccigranum, and says that 
there grew upon the oak in Africa, Sicily, Lc., a small excrescence like a bud, called 
cusculium ; that the Spaniards paid with these grains half of their tribute to the 
Romans; that those produced in Sicily were the worst ; that they served to dye 
purple ; and that those from the neighbourhood of Emerita in Lusitania (Portugal) 
were the best 

In Germany, during the ninth, twelfth, thirteenth, and fourteenth centuries, the rural 
serfr were bound to deliver annually to the convents a certain quantity of kermes, 
the Coccus polonicus, among the other products of husbandry. It was collected from the 
trees upon St John's day, between eleven o’clock and noon, with religious ceremonies, 
and was therefore called Johaunisbbut (St John’s blood), as also German cochineal. 
At the above period, a neat deal of the German kermes was consumed in Venice, for 


dyeing the scarlet to which that city gives its name. After the discovery of America, 
cochineal having been introduced, began to supersede kermes for all brilliant red dyes. 

The principal varieties of kermes are the Coccus guerevs, the Coccus pohmeus, the 
Cboeuejhymnm, and the Coccus uva ursi. 

The Coccus quercus insect lives in the south of Europe upon the kermes oak. The 
fkmalmhmano wings, la of tbs alas of n small pan, of n tbowniah-red colour, and is 
covere dwith a whitish dust From the middle of May to the middle of June the ens 
“• —U—Na. ««d crowd to the taponr of rhuwflo DrermTSvIi, “ - - W 


•re collected, i 


ment ofthe Bouches-du-Rhc 
kermes of Poland, or Coeeus 


one half of the kermes crop is dried. 
^icfoaBdnjxm the roots oftht SebnnOkt 
1 wady soils of that oountrv and th* ititmIim 
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fine ooloor, although he employed 5 times as much of h as of cochineal The Turks. 
Armenians, and Coasaoks dye with kermes their morocco leather, doth, silk, aa well 
as the manes and tails of their horses. 

The kermes called Coccus ftagarim is found principally in Siberia, upon the root of 
the common strawberry. 

The Coccus uva wm is twice foe rise ojthe Polish kermes, and dyes with alum a fine 
red. It oooors in Russia. 

Kermes is foundfoot only upon the Lycopodium ccmpkxnatum in die Ukraine, but upon 
a great many other plants. 

Good kermes is plump, of a deep red colour, of an agreeable smell, and a rough and 
pungent taste. Its colouring matter is soluble in water and alcohol ; it becomes yel- 
lowish or brownish with adds, and violet or crimson with alkali es. Sulphate of mm 
blackens it .With alum it dyes a blood red; with copperas, an agate grey; with 
sulphate of copper and tartar, an olive green ; with tartar and salt of tin, a lively cin- 
namon yellow ; with more alum and tartar, a lilac ; with sulphate of fine and tartar, a 
violet Scarlet and crimson dyed with kermes were called grain colour*. The red 
caps for the Levant are dyed at Orleans with equal parts of kermes and madder, and 
occasionally witii an addision of Brasil wood. Kermes is bfit little used in England 
at present as a dyeing substance. 

KERMES MINERAL. Pure mineral kermes is regarded by Berselius, Fuchs, 
and Rose, as an amorphous tersnlphuret of antimony. As the preparation has no 
use in the arts or manufactures, for its mode of preparation and its chemical consti- 
tution we refer to Watts’ 11 Dictionary of Chemistry.” 

KERMESITE. Red antimony ore, composed of oxygen, 5*29; antimony, 74*45; 
sulphur, 20*49. 

KERSEY. A coarse stuff woven from long wool, chiefly manufactured in the 
north of England. i 

KERSEYMERE. Commonly spelt cassimere. A fine fabric woven plain from 
the finest wools, a manufacture of the west of England principally. 

KETCHUP. A name derived from the Japanese kitjap. ft is prepared from 
mushrooms, especially from the Agaricu « campeitris, by sprinkling them with salt, 
letting them drain, and boiling the juice with spices. Walnut ketchup is made from 
green walnuts in a similar manner. 

KHAYA. One of the largest and handsomest trees growing on the western 
coast of Africa. The wood is of fine quality, and of a reddish colour like mahogany. 

KIABOCCA WOOD, called also Amboyna wood. This wood is said to be the 
excrescence or burr of the Pteroepermwn indievm , or of the Ptarocarpu* draco , from 
the Moluccas, the Island of Borneo, Amboyna, &c. 

KIBBLE, a mining term. A bucket usually made of iron, in which the ore is 
drawn to the surface from the depths of the mine. 

KIDDERMINSTER. A carpeting so called from the place of its early manu- 
fkoturc. This kind of carpet is now principally made in Scotland. Kidderminster 
is composed of two webs, each consisting of a separate warped woof. The two are 
interwoven at intervals to produce the figures. The two webs being passed at intervals 
through each other, each part being at one time above and the other below, it will be 
evident, Vhen the webs are of different colours, that the figures will be the same on 
both sides, only the colours will be reversed. These carpets should be made entirely 
of wool. 

KILBRICKENITE. A variety of Geocronite from Kilbricken, Clare county, 
Ireland. 

KILKENNY COAL. A variety of Anthracite. 

KILL AS. The name given by the Cornish miners to the clay date of that district 
It varies very much in colour and character, being sometimes of a day-white, and at 
other grey or bine. It is in one district soft ; in another compact and bard. 

KILN (Four, Fr. ; Ofen, Germ.) is the name given to various forma of fumacea 
and stoves, by which an attempered heat may be applied to bodies; thus there are 
brick-kilns, hop-kilns, lime-kilns, malt-kilns, pottery-kilna. See Brick, Ludbotomk, 
Malt, Pottxrt, for a description of their respective kilns. 

KIMERIDGE CLAY? The sands which underlie the Portland Stone of Dorset- 
shire, and the south-west of England, are based upon a considerable thickness of 
dark brownish or bluish-grey blay, to which the term Kimeridge Clay haa been 
given by geologists, from the circumstance of its bring largely developed and wall 
displayed in the neighbourhood of the village of that name, 
t Throughout the file of Purbeck, hut especially in the part of it in question, the day 
ass umes a very duly and bituminous character, sometimes pasaing into move maarive 
beds of brownish duly ood, poss essi ng a c onchoi da l fracture. 

Hu Romans, and also the Celts who inhabited the country previously to its ba- 
varian by the former nation, appear to have manufketured the harder portions of the 
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abate into cape and other articles, hot, chiefly into beads, armlets, and bracelets, spe- 
cimens of which test have been found in the neighbouring barrows, in some esses 
still encircling the wrists of skeletons. 

Circular discs of shale, about the sise of a penny piece, have also been dug up in great 
numbers in this part of the Isle of Purbeck : as many as 600 were, upon one occa- 
sion, found closely pecked together. 9 c 

Authorities have been much divided in opinion as to the origin and use of these 
circular pieces of shs4e; by some they are supposed to have passeu current as mom y, 
or tokens, whence the name of Khneridge coal-money, by which they arc commonly 
known, has been applied to them $ but, the most probable supposition is, that they 
were the portions of the material fixed to the' lathe, and left adhering to it after the 
armlets or other ornaments of a similar description had been turned from their outer 
circumferences, and that at some subsequent period these refuse pieces jgf the turner 
were worn as amulets or charms by the superstitious. 

The shale around Kimeridge abounds in animal and vegetable matter, the former 
consisting of the shells of oysters, ammonites, Ac., together with the bones and teeth 
of large sanrians and fish ; while the latter is in so finely divided a state as not to be 
distinguishable to the eye. Much carbonate of lime andi pyrites jpe sjso present, 
especially in those portions in which animal remains are most abundant 

The variation in the external character of the shale is accompanied by a corre- 
sponding variation in the relative proportions of mineral and organic matter contained 
in it ; those portions which are the most fissile and slaty containing a large proportion 
of mineral matter combined with a relatively small proportion of organic matter; while 
on the other hand, in the harder and more massive portions which break with a con- 
choidal factors, the organic matter is greatly in excess of the mineral matter, as is 
shown by the following analyses. 


Amount of volatile matter - 
44 44 mineral matter 



When heated the shale gives off copious fames of a disagreeable odour resembling 
that of petroleum ; and when ignited, it burns of itself with a dull smoky flame, leaving, 
when freely exposed to the atmosphere, a reddish ash, which generally retains the form 
of the original fragment. 

The shale has long been used for fuel by the people of the district where it occurs, 
and the ashes left after combustion have Ion£ been known to the farmers on the coast 
to exercise a beneficial influence upon their crops, especially turnips ; bat the un- 
pleasant smell given out by it when burning has prevented it from being usgd except 
by the poorer inhabitants. 

Within the last few years works were established at Warcham, for the purpose of 
extracting naphtha and other products from the shale by distillation; but the manu- 
facture was abandoned in consequence of the impossibility of destroying the smell 
given out by the naphtha. 

This detest having now, it is believed, been overcome, the works have lately been 
re opened, and are now being carried on with every prospect of success. 

The chemical composition and properties of the shale have been recently thoroughly 
investigated by Dr. Hofmann, of the Government School of Mines. 

The following results were obtained by him from the distillation of the shale, at a 
high temperature, for the purpose of producing gas : — 


Amount of gas, water, ammonia, Ac. 68*5 

Amount of coke 36*5—100 0 


The abate distilled in a gas retort furnished a gas composed of: 
Olefiant gas and congeners 

SSJofaTSsr* k r ,ro *r 1 h7d . roffen . ; - 

Carbonic acid - - - I I I “ 

Sulphuretted hydrogen .... 2 


8*8 

69*8 

97 

8*8 

7*0— I (Kin) 
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The eo mp oritioa of this gas, freed from carbonic acid end sulphuretted hydrogen, 
by passing through an ordinary lime purifier, was as fellows : — 

* Olefiant gas and eongeners ..... io*o 
Light cariraretted hydrogen and hydrogen - - 79*0 


Carbonic oxide - - - - - - 11*0— 100*0 

The composition of the coke produced was : — 

Carbon .... * 75*4 - 72*8 

Ash e - - , - - 34 8 - - 30-3 

107*7 103*1 


The excess abore 100 arises from ghe presence of sulphides in the coal, which 
during the process of incineration absorb oxygen and are converted into sul- 
phates. 

A ton of sfcale furnished 11,800 cubic feet of this purified gas, the illuminating 
power of which, used in an argand burner, consuming 5 cubic feet per hour, equalled 
that of 20 sperm candles, while the percentage of coke remaining was 86*5. 

The liquid and solid products obtained by the distillation of the shale at a low tem- 
perature, are an offensively smelling, dark brown oil, suspended in an aqueoua liquid, 
charged wife sulphuretted hydrogen, carbonic acid, and ammonia. 

This oil, purified and distilled with water, famishes an oily liquid heavier than 
water ; a tar-like residue being left in the retort. 

The oily liquid which, when purified, gives out the odour of the finest varieties of 
coal-gas naphtha, is a mixture of several chemical substances. 

When treated with concentrated nitric acid, this oily liquid is divided into two por- 
tions, one of which is dissolved by the acid, while the other insoluble portion floats on 
the surface of the solution in the form of a light colourless oily liquid, resembling in 
its general character the hydrocarbons of Boghead coal-tar oil, and of petroleum. 
The nitric solution which form! the larger proportion of the oily liquid, when 
mixed with water, famishes a dense, heavy, yellowish oil, with the odour of nitro- 
benaoL 

Hence it appears that the oily liquid obtained by the distillation of the shale consists 
chiefly of benzol and its homologues, mixed with small quantities of petroleum 
hydrocarbons. When sufficiently purified it is applicable for all the purposes for 
which benzol is employed, for dissolving india-rubber and gutta-percha, for re- 
moving stains from fabrics, for preparing varnishes, for making artificial oil of 
almonds, Ac. 

On subjecting to distillation without water, and at a rather high temperature, the 
oily tar-like residue remaining in the retort after the crude volatile liquid obtained by 
heat from the shale had been distilled with water, other volatile products are 
obtained. 

The first portion of the oil obtained during the distillation is of an amber colour 
when first distilled, and much less limpid than the oil produced by distillation with 
water. It also possesses an offensive sulphurous smell, which however is lost on ex- 
posure to the air, while the oil assumes a much darker colour. This oil is acted upon 
by sulphuric, nitric, and hydrochloric acids, by which, especially by the first, a portion 
of it is sesinified. 

The remaining portion of the oil, when washed with water and afterwards distilled 
with steam, famishes a perfectly colourless oil with the properties of paraffine. This 
last oil, which forms but a small fraction of the original oil, behaves in all respects 
like the paraffine oil obtained from Boghead cannel coal, and is applicable to 
the lubrication of machinery, and all the other purposes to which that liquid is 
applied. 

The black, pitoh-like, coky residue left in the retort resembles in general character 
the coke produced from coal in the manufacture of gas. 

The ash of the incinerated coke contains nearly the same proportions of silica, 
alumina, and iron as Portland cement. The following is an analysis of the ash left 
by the shale which contains the larger amounts of mineral matter : — 

Ash of Dorsetshire shale. Portland cement. 


Insoluble residue 
Peroxide of iron 

- 29*01 

7-10 


5*30 

Silica - - •- 

- 91*75 


- 22*23 

Alumina ... 

- 10-60 


7*75 

Lime ... 

. - 20*62 


54*11 

Carbonic add 

- 10-92 


- 2-15 


100*00 
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The distinction of the shale at aim t emp erature, tor the purpose of obtaining the 
liquid and solid volatile products, furnished the following results : — 

Analysis of A. 


Oily and solid vola- 
tile products 

Gas, water, ammo- 
nia, &c. - 


j 

f Mineral matter - 

64*1 

71*5 4 

Carbon < - . 

1 Hydrogen 

16-0 

1 

8*4 

■ j 

f Light oil (naphtha) -t 
| Heavy oil,containing 1 *8 
per cent of paraffine 

8*7 

• 14'6 I 

9*6 

1 

L Efceidne of pitch 

8*4 

18-9 ] 

Gas, water, &e. 

18*9 



. 


100*0 


100*9 

Analysis of B. 


43-0 { 

Mineral matter *- 

/ISfo 

Carbon - 

19-5 

89-0 j 

18-0 j 

: Light oil (naphtha) - 
Heavy oil, containing! *9 

2-3 

per cent of paraffine 
r Gas, water, ammonia, 

36-7 

&C. - - - 

18-0 

100-0 


1000 


Oily and solid vola- 
tile products 

Gas, water, &c. 


The manufacture of the shale at Wareham, according to Mr. John C. Mansel, is 
conducted in the following manner : — 

The retorts are charged with about 5 cwt of shale, previously broken into pieces 
about two inches square, and the temperature is maintained as nearly uniform as 
possible. In order to obtain the required uniform temperature the retorts are con- 
structed so as to have backs of molten lead. The gas formed in the retorts is then 
condensed by means of a leaden worm, and the product is a crude oil ; a large quantity 
of gas is made during this operation, which is not condensed, but used for ordinary 
purposes. The crude oil is allowed to stand in long tanks for 48 hours, for the pur- 
pose of letting the ammoniacal water (of which there is a large quantity) subside. 
The oil is then put into a still, and rectified once or twice as the case may be. The 
first product is a light' oil, making overproof 75°; the next products are heavy oils, 
containing paraffine, which is now in great request by manufacturers. 

The shale, on being taken out of the retorts, is placed in close vessels, and when 
cool is ground in a mill for manure. In its unmanufactured state the shale is not 
sufficiently rich in ammonia for this purpose ; but at this stage the artificial manure 
is as valuable as Ichaboe guano, both having been recently analysed for the purpose 
of comparison. By keeping the temperature low in the retorts neither the phosphates 
nor the organic matter are destroyed, 

The name has been changed from Kimeridge shale to South Boghead coal by the 
manufacturers, the failure of the late company (by whom the former designation was 
used) having, it was considered, rendered the alteration expedient The term South 
Bogh e ad coal was selected from the resemblance to the Boghead coal of Scotland, 
now so extensively worked near Edinburgh. See Naphtha) Pbtbolxum. 

KING'S BLUR See Blue Pigment. 

KINGSTON’S METAL. An alloy which is known as Kingston’s metal is much 
used for the bearings and packings of machinery. James Pole Kingston patented in 
1858 the use of an alloy which be specified as prepared in the following manner 
An riloy confuting of copper 9 lb., and tin 94 lb*, i* fint melted | when cooled it ie 
rem ^Si"^12 8 "f-, of thereto and melted 5 then 9 Ibe. of mercury 

■** ®£S®* -to* 1 ® combined. When cooled it ii reed, to be need. 7 

ICING WOOD a imported from the Btaailt, end ie eomttimee celled violet wood. 

"T ^^^th.hmdwood^ yd iaued tnnZtt, nCrtZSk. 

fJSJr. Cn> * A peculiar add extracted by Vauquelin from oinohens. 

KINO u an extract obtained moat probably from the Ptmc ar m u ma rnanum. 

Which STOWS Mh 8 m Vahlnii T. Y.JI!. 'Ll 1 j . 


gnm S5 parts. It is used only 
astringent in medicine. Kino is often called a gum, bnt most improperly so. * 



KOURIE WOOD, 


783 


KIP. A wdght for tin, of 40 lbs. 11 os. avoirdupoise. — Bmmonds. 

KIPS. The turners call the skins of young animals kips. The skins of fall 
grown cattle of small breed are also so called. See Lbathxb. 

KIRSCH W AJ38ER, is an alcoholic liquor obtained by fermenting and distilling 
braised cherries, called ktrseheu in German. The cherry usually employed in Switaer- 
land and Germany is a kind of xqprello, which on maturation becomes black, and has a 
kernel very large in proportion to its pulps When ripe, the fruit, being made to fall 
by switching the trigs, is gathered by children, thrown promiscuouly, unripe, ripe, and 
rotten into tubs, ana crashed either by hand, or with a wooden Rater. The mashed 
materials are set to ferment, and whenerer this process is complete, the whole is trans- 
ferred to a still, and the spirit is run off, by placing the pot orer the common fireplace. 

Hie fermented mash is usually mouldy before it is put into the alembic, the capital 
of which is luted on with a mixture of mud and dung. The liquor has accordingly, for 
the most part, farank smell, and is most dangerous to health, not only from its own crude 
essential oil, but from the prussic acid derived from the distillation of the cherry-stones. 

There is a superior kind of kirschwasser made in the Black Forest, prepared with 
fewer kernels, from choice fruit, properly pressed, fermented, and distilled. 

K1RWANITE. A mineral found in basalt on the north-qpstera coast of Ireland, 
consisting aftilidk, lime, sftmina, and protoxide of iron. 

KNIFE CLEANING MACHINES. Mr. Kent’s machine for this purpose con- 
sists of a box or case, containing a couple of wooden discs, fixed near to each other 
upon a horozontal iron rod or spindle, which passes through the case, and is caused to 
rotate by means of a winch-handle. Each disc is, for about three-fourths of the area of 
its inner face, covered with alternate rows of bristles and strips of leather; and the re- 
maining fourth part is covered with bristles only. The knife-blades to be cleaned are 
introduced through the openings in the case, between the rubbing surfaces of the discs ; 
and rotatory motion being given to the discs by a winch-handle, the knives are ra- 
pidly cleaned add polished. * 

Mr. Masters constructed knife-cleaning machines upon the same plan as the above ; 
but the rubbing surface of each disc is formed of strips of buff leather, with only a 
narrow circle of bristles around the edge of each surface, to clean the shoulders of the 
knives; small brushes are fixed beneath the holes in the case, through which the 
blades of the knives are inserted, to prevent the exit of dust from the apparatus. 

Mr. Price has also devised a machine for cleaning knives, and another for cleaning 
forks. The knife-cleaner consists of a horisontal drum, covered with pieces of leather 
or felt, and fixed within another drum or circular framing, lined with leather or felt. 
The knives are introduced through opening^ in a movable circular plate, at the front 
of the outer casing, and enter between the surfaces of the two drums. The plate is 
fixed upon a horizontal axis, which extends through the case, and is furnished at the 
back with a handle ; by turning which the disc is caused to rotate and carry round the 
knives between the surfaces of the drama The fork-cleaner consists of a box, with a 
long rectangular opening in the side; behind which two brushes are fixed, face to face. 
Between these brushes the prongs of the forks are introduced, and the handles are 
secured in a carrier, which is made to Advance and recede alternately by means of 
a throw-crank, and thereby thrust the prongs into and draw them out of contact with 
the brushes. The carrier consists of two metal plates, the lower one carrying a cushion 
of vulcanised indiarabber for the fork handles to rest upon, and the upper being lined 
with leather ; they are hinged together at one end, and are connected at the other, 
when the handles have been placed between them, by a thumb-screw. 

KNOLLS. A mining term in Germany for lead ore separated from the smaller parts. 

KNOPPERN are excrescences produced by the puncture of an insect upon the 
flower-cups of several species of oak. They are compressed or flat, irregularly pointed, 
generally prickly and hard; brown when ripe. They abound in Styria, Croatia, Selavonia, 
and Natolia ; those from the latter country being the best They contain a great deni 
of tannin, are much employed in Austria for tanning, and in Germany for dyeing fawn, 
grey, and black. See Galls. 

KOFFO-HEMP. The name in the Moluccas for the Manilla hemp, or rather fbr 
the fibres of the wild plantain of those islands, the Musa tsxtiHs. 

KOUMISS is the name/ff a liquor which the Calmueks make by fermenting man's 
milk, and from which they distil a favourite intoxicating spirit, called rack or rmekg. 

The milk is kept in bottles made of hide till it becomes sour, is shaken till it easts 
up its cream, and is then set aside in earthen vessels, in a warm place to no 

yeast being required, though sometimes a little old koumiss is added. SI pounds of 
milk put into the still afford 14 ounces of low wines, from which 6 ounces of ptsCtj 
strong alcohol, of an unpleasant flavour, ire obtained by rectification. 

KOURIE WOOD. The wood of the New Zeeland pine Dasmara ilusfrulfr, 
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of the moot mgnifletnt of fbo ooalferoai wood*. It U aim called eoiedie and taurii 
wood. It is iwn^ i| med for the masts of ships. 

KRAMERIA. A shrub, which is a native of Pern, yielding the well-known 
ihatanjr root, often used as a dentifrice. 

KRE080TE, or CREOSOTE. One of the many singular bodies diseoveredby Rel- 
chenbach in wood tar. It derives its name from xpfas^flesn, and I preserve, in allu- 

sion to its remarkable antiseptic properties. OA great deal of confusion exists in the pub- 
lished accounts of wood creosote, owing to the variable nature of the results obtained by 
the chemists who haVe examined it This oonfosion is not found with that from coal, which 
undoubtedly contains two homologous bodies, C^IPO* and C 14 ^; the first being car- 
bolic, and the second eresylie acid. The composition of carbolic add has long been 
known, owing to the researches of Laurent: eresylie add was recently discovered by 
Williamson and Fairlie. Commercial coal creosote sometimes consists almost entirely of 
eresylie add. Cool oils, of very high boiling point, contain adds apparency homologues 
of carbolic add, higher up in foe series than even eresylie add, and yet perfectly soluble 
in potash. — ( Greville William .) There is little doubt that wood creosote consists 
essentially of the same substances as that from coaL The great difference in the 
odour arises chiefly from the foot of the product from coal retaining with obstinacy 
traces of naphthaline, parvoline, and chmoline, all of which are extremely odorous. 
No creosote found in commerce is ever perfectly homogeneous, nor, in fact, u it neces- 
sary that it should be so. If perfectly soluble m potash and acetic add of the density 
1 *070, and if it does not become coloured by exposure to the air, it may be considered 
pure enough for all medicinal purposes. The oils from wood and coal tar may be 
made to yield creosote by the following process. The oils are to be rectified until 
the more volatile portions (which are lighter than water) have passed over. As 
soon as the product running from the still sinks in water the reedver is to be 
changed, and the oils may be received until the temperature required to send over 
the ou is as high as 480° F. The oil so obtained is to be dissolved in caustic soda, 
all insoluble in it being rejected. The alkaline solution, after being mechanically 
separated, as far as possible, from the insoluble oil, is to be boiled for a very short 
time. Two advantages are gained by this operation, — any volatile bases become 
expelled, and a substance which has a tendency to become brown on keeping, is 
destroyed. Sometimes the oil on treatment with potash yields a quantity of a 
crystalline paste. This is naphthaline, and should be removed by filtration through 
coarse calico or canvas. The alkaline liquid is then to be supersaturated with dilute 
sulphuric acid, on which the creosote separates and rises in the form of an oil to the 
surface. This creosote is already free from the greater number of impurities, and, 
if rectified, may be used for many purposes. To obtain a purer article the operations 
commencing with solution in caustic soda are to be repeated. If the alkaline solution 
on boiling again becomes coloured, the purification must be gone through a third time. 
It is essential not to boil the alkaline solution long, or a serious loss of creosote would 
take place. According to Reichenbach the boiling point of creosote is 397°. Carbolic 
acid boils between 369° and 870°. Cresylic acid boils at 397°. From this it would 
appear that Reichenbach’s creosote consisted of cresylic acid. The specific gravity 
of creosote according to Reichenbach is 1*037 at 68°. That of carbolic acid is 1*065 
at64°. Carbolic acid and its homologues, when mixed with quicklime and expqsed to the 
air, yield a beautifol red colour, owing to the formation of rosolie acid. — C. G. W. 

KRYOLITE. See Cryolite. 

KUSS KUSS. This is the tough fibrous rhixome of an Indian grass. It is woven 
into a fabric called tatty in India; it has an extensive use in foe manufacture of 
awnings, blinds, and sunshades ; these are often sprinkled with water daring foe hot 
seasons, which, by evaporation, cools foe air in foe apartment, and at foe same time 
imparts an agreeable odour. 

KY AN1TE. A stone, which is sometimes blue and transparent. It is then employed 
as a gem ; it resembles sapphire. Its chemical composition is, silica, 87*0 ; alumina, 
68 - 0 . 

KYANIZING A process for preserving wood, successfully carried out by the 
late Mr. Ryan of New York. A eolation or corrosive sublimate is forced into foe 
pores of foe timber. This chloride of mercury combinef with, and coagulates foe 
vegetable albumen, and thus renders the wood impervious to air or moisture. 

KYANOL The old name of aniline. It was applied by Runge to the base from 
coal tar. — C. G: W. 

KYROSITE. An arsenide of copper, from Briocios, near Annabeig. 
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LABDANUM. A resin found* on the feaves of the Cistus Cretins, in Candia. U 
is nsed in perfhmerpand for pastiles. J 

LABBADORITE, or LABRADOR FELSPAR, is a beautifbl mineral, with 
brilliant ohanging colours, blue, red, and green, &o. Spec. gray. 270 to 275. 
Scratches glass ; affords no water by Calcination ; fusible at the blowpipe into a 
frothy bead { soluble in muriatic acid ; solution affords a copious precipitate with 
oxalate of axmnonia. Cleavages of 93$° and 86£° ; one of which is brilliant and 
pearly. Its cdhstituents are, silica, 5575 j alumina, 26*5 ; lime, 11 ; soda, 4 ; oxide 
of iron, l a 25 ; water, 0*5. 

Labradorite receives a fine polish, and the beauty of its chatoyant reflections re- 
commends it as an article of ornament — H. W. B. 

LABURNA.M Cytiaut Laburnum. (A*bois Commun , Pi.; Coldregen , Germ.) 
The wood ofthe laburnam tree is sometimes used in ornamental cabinet-work and 
in marquetry. u In the laburnum there is this peculiarity, namely, that the me- 
dullary plates, which are large and very distinct, are white, whereas the fibres 
are a dark brown — a circumstance which gives an extraordinary appearance to this 
wood.” — Atkin. 

LABYRINTH, in Metallurgy, means a series of canals distributed from the lead 
of a stamping-mill ; through which cany Is a stream of water is transmitted for sus- 
pending, carrying off, and depositing, at different distances, the ground ores. See 
Dressing or O^es. » 

LAC. {Laquc, Fr. ; Lack, Lackfarben, Germ.) A resinous substance produced 
by the puncture of a peculiar female insect, colled Coccus lucca or ficus, upon the 
branches of several plants ; as the Ficus rttigiosa, the Ficus Indictt, the lihamnusjujuba , 
the Croton lacci/erum or bihar tree, and the Buteafinmdosa or the pepel tree, which 
grow in Siam, Assam, Pegu, Bengal, and Malabar. The twig becomes thereby 
werusted with a reddish mammillated regia, having a crystalline-looking fracture. 

The female lac insect is of the sise of a louse ; red, round, flat, with 12 abdominal 
circles, a bifhrcated tail, antennas, and 6 claws, half the length of the body. The male 
is twice the above size, and has 4 wings ; there is one of them to 6000 females. In 
November or December the young brood makes its escape from the eggs, lying be- 
neath the dead body of the mother ; they crawl about a little way, and fasten them 
selves to the bark of the shrubs. About this period the branches often swarm to 
such a degree with this vermin, that they seem covered with a red dust ; in this case, 
they are apt to dry up, by being exhausted of their juices. Many of these insects, 
however, become the prey of others, or are carried off by the feet of birds, to which 
they attach themselves, and are transplanted to other trees. They soon produco 
small nipple-like incrustations upon the twigs, their bodies being apparently glued, 
by means of a transparent liquor, which goes on increasing to the end of March, so 
as to font a cellular texture. At this time the animal resembles a small oval bag, 
without life, of the size of cochineal. At the commencement, a beautifbl red liquor 
only is perceived, afterwards eggs make their appearance j and in October or Novem- 
ber, when the red liquor gets exhausted, 20 or 30 young ones bore a hole through the 
back of their mother, and come forth. The empty cells remain upon the branchesu 
These are composed of the milky juice of the plant, which serves as nourishment to 
the insects, and which is afterwards transformed or elaborated into the red colouring 
matter that is fbund mixed with the resin, but in greater quantity in the bodies of the 
insects, in their eggs, and still more copiously in the red liquor secreted for feeding 
the young. After the brood escapes, die cells contain much less colouring matter. 
On this account, the branches should be broken off before this happen* and dried in 
the sun. In the East Indies this operation is performed twice in the year; the first 
time in March, the second in October. The twigs encrusted with the radiated cellular 
substance constitute the atkk-lac of commerce. It is of a red colour more or less 
deep, nearly transparent, and hard, with a brilliant eonchoidal fracture. The stick-lac 
of Siam is the best ; it often form# an incrustation fully one quarter of an inch thick 
all round the twit. The stick-lac of Assam ranks next \ and, last, that of Bengal, 
in which the resinous coat is scanty, thin, and irregular. There are three kinds of 
laoJn commerce : s'.'.ck-kc, which is the substance in its natural state, seed-lac, and 
shell-lac. Accord! Jg to the analysis of Dr. John, stick-lac consists, in 120 pa tts, of 
Vol. II. 3 E 


786 


LAC 


An odorous common resin - 
A serin insoluble in ether - - - 

Colouring mutter analogous to that of cochineal 
Bitter balsamic matter - 

Dun yellow extract 

Acid of the stick-hus (laocie acid) 

Fatty matter, like wax - - * - - 

flhhn of the insects, and colouring matter 

Salts - <- 

Earths 

Loss 

Q 


- - 80*00 

- WOO 

- 4-50 

- 3-00 

- 0-50 

- 0-75 

- 300 

- 8*50 

<• - 1-35 

- 075 

- 4-75 

180-00 


According to Franke, the constituents of stick lac are, resin, 65*74 substance of 
the lac, 88-3 s colouring matter, 0*6. 

Smd-lae . — When the resinous concretion is taken off the twigs, coarsely pounded, 
and triturated with water in a mortar, the greater part of the colouring matter is dis- 
solved, and the granular portion which remains being dried in the son, constitutes 
seed-lac. It contains of course less colouring matter thsfik the sttohrlaty and is much 
less soluble. Mr. Hatchett’s analysis of seed-lac was as follows : — 

Resin - 
Colouring matter 
Wax - 
Gluten - 
Foreign bodies 
Loss - - 


10 

8 

5- 5 

6- 5 


1 » 100 

John found in 100 parts of it, resin, 66*7; wax, 1*7; matter of the lac, 16*7; bitter 
balsamic matter, 8*5; colouring matter, 3*9 ; dan yellow extract, 0*4; envelopes of 
insects, 8*1 ; laccie acid, 0*0 ; salts of potarii and lime, 1-0; earths, 6*6; loss, 4*8. 

Shtll-lac.— In India the seed-lac is put into oblong hogs of cotton cloth, which are 
held over a charcoal fire by a man at each end, and, as soon as it begins to melt, the 
bag is twisted so as to strain the liquefied resin through its substance, and, to make 
it drop «upon smooth stems of the banyan tree {Musa parodied). In this way, the 
resin spreads into thin plates, and constitutes the substance known in commerce by 
the name of shell-lac, . 

The Pegu stick-lac, being very dark coloured, furnishes a shell-lac of a correspond* 
ing deep hue, and therefore of inferior value. The palest and finest shell-lac is brought 
from the northern Cirtar. It contains very little colouring matter. A stick-lac of eui 
intermediate kind comes from the Mysore country, Which yields a brilliant lac-dye 
and a good shell-lac. 

SheJl-lac, by Mr. Hatchett’s analysis, consists of resin, 90 5 ; colouring matter, 0*5 ; 
wax. 4-0 ; gluten, 3*8 ; loss, 1-8 ; in 100 parts. 

The resin may be obtained pure by treating shell-lac with cold alcohol, and filtering 
the solution in order to separate a yellow grey pulverulent matter. When the alco- 
hol is again distilled off, a brown, translucent, hard, and brittle resin, of specific gravity 
1*189, remains. It melts into a viscid mass with heat, and diffuses an aromatic 
odour. Anhydrous alcohol dissolves it in all proportions. According to John, it con- 
sists of two resins, one of which dissolves readily iu alcohol, ether, the volatile and 
fat oils ; while the other is little soluble in cold alcohol, and, is insoluble in ether and 
the volatile oils. Unverdorben, however, has detected no less than four different re- 
sins, and some other substances in shell-lac. Sbell-lac dissolves with ease in dilute 
muriatic and acetic acids ; but not in concentrated sulphuric acid. The resin of shell- 
lac has a great tendency to combine with salifiable bases ; as with caustic potash, which 
it deprives of its alkaline taste* 

This solution, which is of a dark red colour, dries into a brilliant, transparent red- 
dish brown mass ; which may be re-dissolved in both water and alcohol. By passing 
chlorine in excess through the dark- coloured alkaline solution, the lac-resin is precipi- 
tated in a colourless state. When this precipitate is washed and dried, it forms, with 
alcohol, an excellent pale-yellow varnish, especially with the addition of a little tur- 
pentine and mastic. 

With the auf of heat, shelMac dissolves readily in a solution of borax. 

The substances which Unverdorben found in shelMac are the following : 

1. A resin, soluble in alcohol and ether s 

8. A resin, soluble in alcohol, insoluble in ether ; 



787 


LAC-DYE. 

3. A resinous body, little soluble in cold alcohol ; 

4. A cry stallisable resin ; 

5. A resin, soluble in alcohol and ether, but insoluble in petroleum, and uucrys- 
tallisaUe. 

6. The unsaponified fat of the coccus insect, as well as oleic and margarie acids. 

7. Wax. 

8. The laccine of Dr. John. , 

9. An extractive colouring matter. 

Shell-lao is larg^y used in the manufkctore of sealing wax ud varnishes, and for 
japanning. 

LAC-DYE, Lao Lake, or cake-lac, is the watery infusion of the ground stick-lac, 
evaporated to dryness, and formed intogcakes about two inches square and half an 
inch thick. Dr. John found it to consist of colouring matter, 50 ; resin, 25, and 
solid matter, composed of alumina, plaster, chalk, and sand, 22. 

Dr. Madesd, of Madras, states that he prepared a very superior lac-dye from 
stick-lac, by digesting it in the cold in a slightly alkaline decoction of the dried leaves 
of the Memecylon tinctorium (perhaps the M. cmpiteUatum, from which the natives of 
Malabar and Ceylon obtain a saffron yellow dye). This solution being used along 
with a mordant consisting of a saturated solution of tin in giuriatic acid, was found 
to dye woollen Moth of a wery brilliant scarlet hue. 

The cakes of lac-dye imported from India, stamped with peculiar marks to designate 
their different manufacturers (the best DT, the second JMcR, the third CE), are now 
employed in England for dyeing scarlet cloth, and are found to yield an equally bril- 
liant colour, and one less easily affected by perspiration than that produced by 
cochineal. When the lac-dye was first introduced, sulphuric acid was the solvent 
applied to the pulverised cakes, but as muriatic (hydrochloric) acid has been found 
to answer, it has to a great extent supplanted it A good solvent (No. 1J for this 
dye-stuff may be prepared by dissolving 8 pounds of tin in 60 pounds of muriatic acid, 
of specific gratity 1*19. The proper mordant for the cloth is made by mixing 27 
pounds of muriatic acid of sp. gr. 1*17, with l£ pounds of nitric acid of 1-19 j putting 
this mixture into a salt-glased stone bottle, and adding to it in small bits at a time, 
grain tin, till 4 pounds be dissolved. This solution (No. 2) may be used within 
twelve hours after it is made, provided it has become cold and clear. For dyeing; 
three quarters of a pint of the solvent Nj. 1 is to be poured upon each pound of the 
pulverised lac-dye, and allowed to digest upon it for six hours. The cloth before 
being subjected to the dye bath, most be scoured in the mill with fuller's earth. To 
dye 100 pounds of pelisse doth, a tin boiler of 300 gallons capacity should be filled 
nearly bnmftil with water, and a fire kindled under it Whenever the temperature 
rises to 150° Fahr., a handful of bran, and half a pint of the solution of tin (No. 2) 
are to be introduced. The froth, which rises as it approaches ebullition, must be 
skimmed off ; and when the liquor boils, 10£ pounds of lac-dye, previously mixed with 
7 pints of the solvent No. 1, and pounds of solution of tin No. 2, must be poured 
in. An instant afterwards, 10£ pounds of tartar, and 4 pounds of ground sumach, 
both tied up in a linen bag, are to be suspended in the boiling bath for five minutes. 
The fire being now withdrawn, 20 gallons of eold water, with 10J pints of solution of 
tin being poured into the bath, the cloth is to be immersed in it, moved about rapidly 
daring ten minutes ; the fire is to be then re-kindled, and the cloth winced more 
slowly through the bath, which must be made to boil as quickly as possible, and 
maintained at that pitch for an honr. The cloth is to be next washed in the river ; 
and lastly with water only, in the fulling mill. The above proportions of the ingre- 
dients produce a brilliant scarlet tint, with a slightly purple cast. If a more orange 
hue be wanted, white Florence argal may be used, instead of tartar, and some more 
sumach. Lac-dye may be substituted for cochineal in the orange-scarlets. 

To determine the tinctorial power of lac-dye by comparison with proved samples, a 
dye-bath is prepared as follows : — 5 grains of argal, 20 grains of flannel or white cloth, 
5 grains of lac-dye, 5 grains of chloride of tin, 1 quart of water. Heat the water to 
the boiling point in a tin or china vessel ; add thereto the argal, and then the piece of 
cloth or flannel. Weigh off 5 grains of the lac-dye and pulverise it in a Wedge wood 
mortar, with the 5 grains by measure of chloride of tin, and poor the whole into the 
hot liquor containing the, cloth, taking care to rinse the mortar with a little of the 
hot liquor ; keep the whole boiling for about half an hour, stirring the cloth or 
flannel about with a glass rod ;,then withdraw the cloth, wash and dry it for com- 
parison. — Normandy. 

In the former edition was a table of the imports and exports of lac-dye and lac- 
lake, which show that in 1802 only 253 lbs. were imported, which rose, however, in 
1837, to 1,011,674 lbs. ; the imports, & c„ for the two last years being— 
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Lao-dtk: — e 

India, Singapore, and Ceylon 

British India : Bengal and Pegu - 
Other parts ----- 

Total - • - 

Shell-lac: — 

India, Singapore, and Ceylon 

British India: Bengal and Pegu - 
Other parts 

Total 

r 

Seed lac ------ 

Stick lag ------ 

1863. ' 

, 186#. 

H 

Computed 
real value. 

Outs. 

Computed 
real value. 

< 

11,060 

134 

59,989 

568 

19,043 

107 

78,849 

626 

11,194 

59,851 

19,150 

74,475 

34,878 

860 

866,799 

9,168 

40^004 

67 

943,099 

427 

33,138 

968,967 

40,071 

243,526 

1,117 

6,553 

Is, 664 
98,940 

rjsitf 1 

8,588 

6,026 

22,772 


LACCIC ACID crystallises, has a wine-yellow colour, a soar taste, la soluble in 
water, alcohol, and ether. It was extracted from stick-lac by Dr. John. 

L ACCUSE is the portion of shell-lac which is insoluble in boiling alcohoL It is 
brown, brittle, translncid, consisting of agglomerated pellicles, more like a resin than 
anything else. It is insoluble in ether and oils. It has not been applied to any use. 

LACE BARK. The reticulated bark of the Lagetta lintearia . ..This splits into 
fibres, which resemble lace. 

LACE MANUF ACTURE. The pillow-made, or bone-lace, which formerly gave 
occupation to multitudes of women in their own houses, has, in the progress of me- 
chanical invention, been nearly superseded by the bobbin-net lace, manufactured at 
first by hand-machines, but recently by the power oL water or steam. Bobbin-net 
may be saidto surpass every other branch of human industry in the complex ingenuity 
of its machinery j one of Fisher's spotting frames being as much beyond the most 
curious chronometer in multiplicity of mechanical device, as that is beyond a common 
roasting-jack.—- Ure. 

The threads in bobbin-net lace form, by their intertwisting and decussation, regular 
hexagonal holes or meshes, of which the two opposite sides, the upper and under, are 
directed along the breadth of the piece, or at right angles to the selvage or border. 
Fig. 1054 shows how, by the crossing and twisting of the threads, the regular six-sided 
mesh is produced, and that the texture results from the union of three separate sets of 
threads, of which one set proceeds downwards in seroentine lines, a second set pro- 
ceeds from the left to the right, and a third from the right to the left, both in slanting 
directions. These oblique threads twist themselves round the vertical ones, and also 
cross each other betwixt them, in a peculiar manner. This may be readily understood 
by examining the representation. In comparing bobbin-net with a common web, the 
perpendicular threads in the figure, which are parallel to the border, maybe regarded 
as the warp, and the two sets of slanting threads as the weft. 

1054 1055 
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These warp threads are extended up and down, in the original mounting of the 
piece between a top and bottom horizontal roller or beam, of which one is called the 
warp beam, and the other the lace beam, because the warp and finished lace are wound 
upon them respectively*. These straight warp threads receive their contortion from 
the tension of the welt threads twisted obliquely round them alternately to the right 
and tiie left hand. Were the warp threads so tightly drawn that they became In- 
flexible, like fiddle-strings, then the lace would assume the appearance shown in 
Jig. 1055 ; and although this condition does not really exist, it may serve to illustrate 
the structure of the web. The warp threads stand in the positions a a. a' a', and 
off a" i the one half of the weft proceeds in the direction b b % v U, and b' 6"; and the 
second crosses the first by running in the direction c c, or d c\ towards the opposite 
side of the fhbrio. If we pursue the path of a weft thread, we find it goes on till it 
reaches the oalermost or last warp thread, which it twists about; not once, as with the 
others, hut twice; and then returning towards the other border, proceeds in a reverse 
direction. It is from this double twist, and by the return of the weft threads, that the 
selvage is made. 

The ordinary material of bobbin-net is two cotton yarns, of from No. 180 to No. 250, 
twisted into aontf* thread ; But sometimes strongly twisted single yarn has been used. 
The beauty of the fabric depends upon the quality of the material, as well as the regu- 
larity and smallness of the meshes. The number of warp threads in a yard in breadth 
is from 600 to 900; which is equivalent to from SO to 30 in an inch. The sise of the 
holes cannot be exactly inferred from that circumstance, as it depends partly upon the 
oblique traction of the threads. The breadth of the pieces of bobbin-net varies from 
edgings of a quarter of an inch to webs IS or even SO quarters, that is, S yards wide. 

JBobbin-net lace is manufactured by means of very costly and complicated machines, 
called frames. The limits of this Dictionary will admit of an explanation of no more 
than the generab principles of the m Aiufacture. The threads for crossing and twisting 
round the warp, being previously gassed, that is, freed from loose fibres by singeing 
with gas, are wound round small pulleys, called bobbins, which are, with this view, 
deeply grooved in their periphery. Figs. 1056, 1057, exhibit the bobbin alone, and with 
its carriage. 

In the section of the bobbin a. Jig. l ft 56, the deep groove is shown in which the 
thread is wound. The bobbin consists of two thin discs of brass, cut out in a stamp- 
press, in the middle of each of which there is a hollow space c. These discs are 
riveted together leaving an interval between their edge all round, in which the thread 
is coiled. The round hole in the centre, with the little notch at top, serves for spitting 
them upon a feathered rod, in order to be filled with thread by the rotation of that 
rod in a species of reel, called the bobbin-filling machine. Eaoh of these bobbins 
(about double the sise of the figure) is inserted into the vacant space o of the car- 
riage,^. 1057. This is a small iron frame ( also double the size of the figure), which, 
at e e, embraces the grooved border of the bobbin, and by the pressure of the spring 
at /, prevents it from falling out This spring serves likewise to apply sufficient 
friction to the bobbin, so as to prevent it from giving off its thread at g by its rotation, 
unless a certain small force of traction be employed upon the thread. The curvilinear 
groove h £, sunk in each free or side of the carriage, has the depth shown in the sec- 


1057 



tion at A. The groove corresponds to the interval between the teeth of the comb, or 
bars of the holt, m which each carriage is placed, and has its movement A portion 
of that bolt or comb is shown at a, Jig. 1058 in plan, and one bar of a circular bolt ma- 
chfoe at 6, in section. If we suppose two such combs or holts placed with the ends 
of the teeth opposite each other, but a little apart, to let the warp threads be 
stretched, in one vertical plane, between their ends or tips, we shall have an idea of 
the skeleton of a bobbin-net machine. One of these two combs, in the double bolt 
machfhe, has an occasional lateral movement called shogging, equal to the interval of 
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one tootherboit, bj which, after it bai received the bobbins, with their carriages, 
into its teeth, it can shift that interval to the one side, and thereby get into a position 
to return the bobbins, with their carriages, into the next series of interstices or 
gates in the other bolt By this means the whole series of carriages receives 

successive side steps to the right 
in one bolt, and to the left in the 


other, so ai to 


a spades 


X of counter mdrch, in the coarse of 

which they are made to cross and 
105$ twist round about the vertical 

warp threads, and thus to form 
the meshes of the net. 

The number of gpovements re- 
quired to form a row of meshes in 
tne double tier machine, that is, 

** - — in a frame with 2 combs or bars, 

J and a row* of bobbins, is six; 
* 1 — ' that is} the whola of«tbe carriages 

(with their bobbins) pass from 
one bar or comb to the other six 
=2 times, during which passages the 
different divisions of bobbing and 
warp threads change their rela- 
tive positions 12 times. 

This interchange or traversing 
nf the carriages with their bobbins, which is the most difficult thing to explain, 
but at the same time the most essential principle of the lacp-machine, may 
be tolerably well understood by a careful atudy of Jig. 1059, in which the 
simple line I represents the bolts or teeth, the sign f the back line of carriages, and the 
sign 9 die front line of carriages, h is the front comb or bolt bar, and i the hack bolt 





bar. The former remains always fixed or stationary, to receive the carriages as they 
may he presented to it by the shogging of the latter. There moat be always one odd 
carriage at the end*, the rest being in pair\ 

No. 1 represents the carriages in the front comb or bar, the odd carriage being at the 
left end. The hack line of carriages is first moved on to the back bar x, the odd 
carriage as seen in No. 1, having been left behind, there being no earriag%opposite to 
drive it over to the other comb or bar. The carriages then stand as in No. 2. The bar 
x now shifts to the left, ss shown in No. 3 ; the front carriages then go over into the 
hack bar or comb, as is represented by No. 4. The bar x now shifts to the right, and 
gives the position No. 6. The front carriages are then driven over to the front bar, and 
leave the odd carriage on the back bar at the right end, for the same reason as before 
described, and the carriages stand as shown in No. 6. The bar x next shifts to the 
left, and the carriages stand ss in No. 7 (the odd carriage being thereby on the back 
bar to the left). The back carriages now come over to the front bar, and stand as in 
No. 8. The back bar or comb x shifts to the right as seen in No. 9, which com- 
pletes the traverse. The whole carriages with their bobbins have now changed their 
position, as will be seen by comparing No. 9 with No. 1. The odd carriage, No. l, 
9 has advanced one step to the right, and has become one of the front tier ; one of 
the back tier or line 9 has advanced one step to the Jeft, and has become the odd 
carriage; and one of the front ones 9 has gone over to the back line. The bobbins 
sad carriages throughout the whole width of the machine have thus crossed each other’s 
coarse, ana completed the mesh of net 

The carriages with their bobbins are driven a certain way from the one comb to 
the other, by tne pressure of two long ban (one for each) placed above the level of 
the comb, until they come into each a position that their projecting heels or catches 
t Ufig. 1057, are moved off by two other long flat ban below, called the locker plates, 
and thereby carried completely over the interval between the two combe. 

There are aix different systems of bobbin-net machines. 1. Heathcoateb patent 
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machine. 2. Brown's traverse warp. 8. Morley’s straight bolt 4. Clarke’s posher 
principle^ single tier. 5. Leaver's machine, single tier. 6. Morley ‘s circular bolt All 
the others are mere variations in the constr notion of some of their parts. It is a 
remarkable fact highly honourable to the mechanical judgment of the late Mr. Morley 
of Derby, that no machines except those upon his circular bolt principle have been 

The, circular bolt machine (comb^witiAsurved’t^ti) was used by Mr. Morley for 
making narrow brqfdths or edgings of lace immediately after ifp first invention, and 
it has been regularly used by the trade for that purpose ever since, in consequence of 
the inventor having declined to secure the monopoly of it to himself by patent At 
that time the locker bars fbr driving across the carriages had only one plate or blade, 
A machine so mounted is now called, M the single locker circular bolt." In the year 
1824, Mr. Morley added another plate to each of the locker bars, which was a great 
improvement ftb the machines for making plain net, but an obstruction to the making 
of narrow breadths npon them. This machine is now distinguished from the former 
by the term “ double locker." • 

A rack of lace, is a certain length of work counted perpendicularly, and contains 
242 meshes or holes. Well-made lace has the meshes a Little#longated in the direc- 
tion of the seSva^. 

Mr. Heathooate’s machine, invented in 1809, was the first successful lace-making 
machine. 

Mr. Morley patented his in 181 1, and in the same year Messrs. Marl and Clarke in- 
vented the pusher machine, and Messrs. Leaver and Turton, of New Radford, brought 
forward the lever machine. In 1817, Mr. Heathcoate applied the rotatory movement 
to the circular bolt machine and mounted a manufactory at Tiverton on this plan , 
where the lace manufacture is still carried on extensively . 

LACQUER, is a varnish, eonsistjpg chiefly of a solution of pale shell-lac in alcohol, 
tinged with saffron, annotto, or other colouring matters. M That commonly employed 
is made by dissolving shell-lac in proof spirit, and colouring with the resinous substance 
called dragon's blood. The lacquer heightens the colour of brass, or renders it more 
golden in tint I*acquer may be pale or deep in tint, when it is known as pale or 
brome lacquer, or it may be variously coloured. A transparent colourless lacquer 
is a desideratum for German silver. A substance called bleached shell-lac is sold, 
and I believe used for very pale lacquer. The lacquer is warmed and brushed over 
the articles, which have been also previously warmed on stoves. If the temperature 
is too cold, a dulness of surface is produced, which is not removed by re-heating. 
The surface of brass is frequently coloured or bronzed after “ dipping," and before 
lacquering. A dark grey coating is produced by dipping the article in a solution of 
arocnious add in hydrochloric acid, by applying a dilute aqueous solution of bi- 
chloride of platinum, by applying an aqueous solution of corrosive sublimate mixed 
with vinegar, or by rubbing plumbago over the surface. By the application of 
lacquer to the surface of brass, which has received a dark grey coating by any of 
these processes, a bronse-like tint is produced, due to the light reflected, through the 
coloured stratum of varnish produced by Ipcquering, from the bright surface under- 
neath. Precisely the same effect may be obtained by rubbing plumbago over a piece 
of writing paper, and then lacquering the surface, as in the case pf brass. For 
common work, the corrosive sublimate method is extensively used; it is said to cause 
trouble when it comes in contact with softer solder, with which the reduced mercury 
amalgamates. The platinum process is used for instruments, such as theodolites, 
levels, fto. ; and in these the bronze is much blacker, as pale is employed instead of 
yellow lacquer. These methods I know are employed, and probably there may be many 
others. The beautifhl colours of brass foils are communicated by variously coloured 
lacquers. The coating of resinous matter adheres with remarkable tenacity, and is 
not detached by bending the foil backwards and forwards repeatedly. The manu- 
facture of these foils is, I believe, quite an art, and formerly there was onlv one 
person in Birmingham who knew how to practice it successfully." — Percy's Metallurgy. 

LACTIC ACID, C w H'*0". Syn. Nanceic acid. {Acids tactime, Fr. 5 Mibhsdure , 
Germ.) Discovered by Soheele in sour milk. Subsequently, M. Braoonnot examined 
the sour liquid which float* above starch during its manufacture, also the acidified de- 
coctions of various vegetables, including beet-root, carrots, peas, Ao, and foundan acid 
which he considered to be peculiar, and consequently named the nanceic. The acid 
formed under all these circumstances turns out to be the same ; it is, in fact, lactic acid, 
which modem researches show to be a constant product of the fermentation of suar, 




many years ago by Berzelius, on the presence of lactic acid in the juice of flesh, hut 
li. deiJea It* Setenee in A a. wm rted by MM. Cap and Henry, wd other* 
fV yawtfai*— Lactic acid can be prepared eanly in any quantity by the fermenta* 
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tkm of sugar. Care must be taken, however, that the process does not go too Ikr, 
because iaotio aeid undergoes with facility another decomposition, by which it becomes 
converted into butyric acid. The following process of M. Bensch for the preparation 
of lactate of lime can be recommended by the anthor of this article as yielding at a 
small trouble and expense a very large quantity of product In foot, he has prepared 
with facility upwards of three pints or butygo acid Atom lactate of lime obtained in this 
manner. Dissolve 6 lbs. of lump sugar, and half an ounce of tartaric aeid in two 
gallons and a half of boiling water. Leave for a day or two, andtfoen add two ounces 
of rotten cheese, and a gallon of skimmed milk stirred up with three pounds of 
well washed prepared chalk. The temperature should not foil below 86° F. nor rise 
above 95°. The water lost by evaporation itiust be made up by adding a little every 
few days. After a time, varying from ten days to a month, according to the tempe- 
rature and other circumstances, the whole becomes a magma of acetatexrf lime. Two 
gallons of boiling water must then be added, and half an ounce of quicklime and the 
whole, after being boiled for half an hour, is to be filtered through a linen or flannel 
bag. The filtered liquid is to be evaporated until it begins to get somewhat syrupy, 
the fluid in this state being put aside to allow the salt to crystallise. The crystals, 
after being slightly washed with cold water, are to be recrygtallised typ or three times. 
To obtain lactic acid from the lactate of lime, it is necessary, in foe first place, to 
convert foe latter salt into that of sine. For this purpose a crude lactic acid is first 
obtained thus : to every two pounds three ounces of lactate of lime dissolved in twice 
its weight of boiling water, seven ounces of oil of vitriol previously diluted with twice 
its volume of water are to be added. The boiling fluid is to be strained through a linen 
bag to remove foe precipitate of gypsum, and the filtered liquid is to be boiled for 16 
minutes with 8] ounces of carbonate of sine. The boiling must not be continued 
longer, or a subsalt of sparing solubility would be produced. The liquid, which is to be 
filtered boiling, will deposit on cooling the lactatejof sine in colourless crystals, which 
are to be washed with a little cold water, and after being drained are tb be dried by ex- 
posure to the air on frames covered with filtering paper. The mother liquid will 
yield a fresh quantity of lactate if it be boiled with the salt remaining on the filter 
and evaporated. 

From foe lactate of sine foe acid is to be separated by passing sulphuretted hy- 
drogen through the solution of foe salt in eight times its weight of boiling water. 
The gas is to be expelled by heat, and foe fluid on evaporation yields pure syrupy 
lactic acid. 

Lactic acid is a colourless syrupy liquid of a powerful pure acid taste. Its specific 
gravity is 1*215. It is bibasic, consequently the general formula for the lactates is 
C l, H ,# O l- ,2MO j M representing any metal. 

The most important salts of lactic acid are those of sine and lime. The former salt 
is that generally formed in examining animal or vegetable fluids with a view to the 
isolation of foe acid. It is found with two different quantities of water according to 
the circumstances under which it is prepared, and it is worthy of remark that the 
amount of water of crystallisation remarkably affects foe solubility of the salt in water 
and alcohol 

Lactic acid is produced from alanine by foe action of nitrous acid according to the 
following equation : — *- 

2CTEFN0 4 + 2NO» - C is WK)» + 4N + 2HO. 

Alanine. I.actic add. 

Anhydrous lactic acid, C 1 *H M 0 M , is produced by the action of heat on the syrupy 
acid. Lactic acid is considered by chemists to be constructed on the type of four 
atoms of water in which two atoms of hydrogen are replaced by foe radical laetyl, 

tta*:- ^jp 0 *} 04 - 

The other two atoms of hydrogen are consequently basic. It has been said that 
lactic acid may, by fermentation, be converted into butyric acid ; foe following equa- 
tion represents foe metamorphosis: 

C*E}*0* - OTTO* + 4CO* * 4H. 

. Lactic arid. Butyric arid. * 

All foe butyric acid employed for the preparation of butyrie ether, or pine-apple 
essence, is now prepared by the fermentation of lactate of lime.— C. G. W, 

LACTOMETER is foe name of an instrument for estimating the quality^ of 
milk, called also a Oakutometer. The most convenient form of apparatus would-be 
a series of glass tubes each about 1 inch in diameter, and 12 inches long, graduated 
through a space of 10 inches, to tenths of an inch, having a stopcock at the bottom, 
and suspended upright in a frame. The average milk of foe cow being poured iq to the 
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height of 10 inches, u iood u the cream haa all separated at top, the thickness of its 
hod 7 may he measured by the scale ; and then the skim-milk may be ran off below 
into a hydrometer glass, in order to determine its-density or relative richness in caseous 
matter, and dilation with water. 

LACUSTRINE FORMATION (a geological term). Belonging to a lake. 

LAGAN GOODS. , See Jrfsa x. p 

LAKES, Under this general title is included all those pigments which are prepared 
by combining vegetable or animal colouring matter with earths or metallic oxides. 
The general method of preparation is to make an inftuion of the substance, and to add 
thereto a solution of common alum ; or sometimes, when it has been necessary to 
extract the colouring matter by the agency of an acid, a solution of alum saturated 
with potash. At first, a slight precipitate falls, consisting of alumina and the colouring 
matter; bn^if some alkali is added the precipitate is increased. Some colour- 
ing matters are brightened by alkalies ; then the decoction of the dye-stuff is made 
in an alkaline liquor, and being filtered, a solution of alum is poured into it Where 
the affinity of the colouring matter for the suMulphate of alumina is great, alumina 
recently precipitated is agitated with the decoction of the colouring body. The manu- 
facture of Jakes depend# on the remarkable property possessed by alumina, of com- 
bining with and separating the organic colouring matters from their solutions. 

Bed Lake *, — The finest of these is Cabmink, which, as carminated lakes, called 
lake of Florence, Paris, or Vienna, is usually prepared by taking the liquor de- 
canted from the carmine, and adding freshly precipitated alumina to it. The mixtnre 
is warmed a little, briskly agitated, and allowed to settle. Sometimes alum is dissolved 
in the decoction of cochineal, and then the alumina precipitated by potash ; but the 
colour is not good when lakes are thus prepared, and to improve it the dyer*s solution 
of tin is often added. A red lake may be prepared from kermes in a similar manner. 

Brasil woofi yields a red lake. tiThe wood is boiled in a proper quantity of wuter 
for 15 minutes, and then alum and solution of tin being added, the liquor is to lie 
filtered, and solution of potash ponred in as long as it occasions a precipitate. This 
is separated by a filter, the powder well washed, and being mixed with a little gum 
water, made into cakes. Sometimes the Brasil wood is boiled with vinegar instead of 
water. An excess of potash produces a lake of a violet colour, and cream of tartar 
gives it a brownish hue. 

Madder is much used in the preparation of lakes. 

The following process is recommended : — 

Diffuse two pounds of ground madder in four quarts of water, and after a macera- 
tion of 10 minutes strain and squeeze the grounds in a press. Repeat this maceration, 
&c., twice upon the same portion of madder. It will now have a fine rose colour. It 
must then hie mixed with five or six pounds of water and half a pound of bruised 
alum, aud heated npon a water-bath for 3 or 4 hours, with the addition of water, as 
it evaporates ; after which the whole must bo thrown on a filter cloth. The liquor 
which passes through is then to be filtered through paper, and precipitated by car- 
bonate of potash. If potash be added 4n three successive doses, three different lakes 
will be obtained of diminishing beauty. The precipitates must be washed until the 
water comes off colourless, then with gum water mode into cakes. 

Yelk Ip Lakes are made with decoctions of Persian or French berries, to which some 
potash or soda is added ; into the mixture a solution of alum is to be poured so long 
as any precipitate frills. Quercitron will yield a yellow lake, provided the decoction 
is purified by either butter-milk or glue. Annotto lake is formed by dissolving this 
substance in a weak alkaline lye, and adding a solution of alum to the solution. 

lakes of other colours can be prepared in a similar manner ; but true lakes of other 
colours are not usually manufactured. 

LAMBSKIN. See Anthracite. 

L AMIN ABLE is said of a metal which may be extended by passing between 
steel or hardened (chilled) cast-iron rollers. 

In the manufacture or rail and bar iron, laminated iron is rolled together at a 
welding heat, until the required bar or rail is formed (see Rails). Tins is, even 
under the best possible circumstances, a defective manufacture. The union of the 
bars is never abwlutely Complete, and the result of the long-continued action of trains 
of carriages upon all rails is the development of the laminated plates, which frequently 
peel off, layer after layer, to thl destruction of the rail, and to the great danger of the 
traveller. Railway iron should be rolled into form from perfectly homogeneous masses 
of metal. This lamination of iron rails has been laid hold of by those who advocate 
the hypothesis that the slate rocks owe their lamination to mechanical pressure, 
whereas it is evidently the result of an imperfect manufacture. See Rolling Mills. 
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a greenish-yellow dye. The L. purpwreum dyes a reddish-grey with salt of tin, and 
a tffeeniih tint with iron liauor. 
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Is imperfect it porn forth a dense volume of black soot According to the quantity 
of carbon contained In the material employed, so is the illuminating power of the 
flame produced by combustion. 1£ therefore, we have a very brilliant name, and we 
subject it to any conditions which shall impede the progress of the combination of the 
carbon with the oxygen of the air, the result is at once the formation of solid carbon, 
or lamp-black. This is exhibited in a remai^able an 6 often an annoying manner by 
the camphine lamp. If oil of turpentine, resin, pitch oil, or fat oil, be burnt in lamps 
under a hood, with either a rapid draught or an insufficient supply of air, the lamp- 
black collects on the hood, and is occasionally removed. Sometimes a metallic roller, 
generally of tin, is made to revolve in the flame, and rub against a brush. By the 
cooling influence of the metal, the heat of the flame is diminished, the oombustion 
retarded, and the carbon deposited, and in the revolution of the cylinder awept off. 
Camphor burning forms a very beautifol black, which is sometimes used as a 
pigment. 

The common varieties of lamp-black are made from all aorta of refese resinous 
matters, and from the njected fragments of pine tree* &c. In Germany, a long flue 
ia constructed in connection with the fhrnace in which the resinous substances are 
burnt, and this flue comnuanicates with a hood, composed of a,loose wooden doth, held 
up by a rope passing over a pulley. Upon this the soot collects, and is from time to 
time shaken down. In the best conducted manufactories about 3 owt. of lamp blade 
ia collected in each hood in about twelve hours. In England, lamp-black ia sometimes 
prepared from the refose coking coal, or it is obtained in connection with coke ovens. 
The lamp-black, however, obtained from the combustion of coal or woody matter is 
never pure. See Bone Black, Ivoby Black. 

LAMP, DAVY. See Safety Lamp. 

LAMPS. Under Illumination, will be found some notices of several kinds of 
lamps, with especial reference to the quantity of light produced by thenp. 

Lamps are very varied in form, and equally varied in the principles involved. A 
brief description, however, of a few of the modem varieties must suffice. 

The moderator lamp . — The spiral spring has recently been introduced into the mo- 
derator lamps, for the purpose of forcing the oil up the wick of the lamp. Thia will b j 
understood by the following description and drawings: — 

Ike distinguishing character of the moderator lamp is the di- 
rect transmission of the power, in the reservoir of oil, to the 
resistance offered by the weight of the column of oil, as it 
rises to the cotton ; — and secondly, the introduction of a rec- 
tangular regulator, which equilibrates constantly by the resist- 
ance of the oil and the force applied to raise it In the reservoir 
(fig. 1060), ia a spiral spring which presses on the disc or piston, 
jfiy. 1061, which is furnished with a valve opening downwards. 

This spring is attached to a tooth rack, worked by a pinion 
wheel, by the means of which it is wound up. The mechanical 
force of the spring is eoual to from 15 to 20 poynds ; and as this 
force ia exerted upon the disc, floating on the oil, this is forced 
np through the tube,' and it overflows to the argand burner, tho- 
roughly saturating the cotton, and supplying a constant stream of 
oil. This oil falls back into the reservoir, and i* of course, above 
the disc. When the spring has run down, it is again wound 
np ; and then the valve opening downward allows the oil to 
flow back beneath the disc, to be again forced up through the 
tube. As the pressure employed u so great, the oil would, 
but for the "moderator,” flow over with too much rapidity. 

This moderator, or regulator, is a tapering rod of iron-wire, 
which is placed in the ascending tube * and, as the pressure 
increases, it is forced more into it, and checks the flow of oil ; 
whereas as ^diminishes it fells, and being tapering, allows 
more oil to rise. Several ingenious adjustments nre introduced 
into these lamps, as manofaetured by the Messrs. Tylor*of 
Warwick Lane, with which we need not at present deal The 
cylinders' containing the oil are covered with cases in metal 
or sometimes of porcelain. Two drawings of these aie shown 
(Jig. 1062 and Jig. 106$). These lamps admit evidently of yet 
more elegant forms than have been given them. The. urn- 
shaped, from the antique, in very pure taste, is the last intro- 
daetkm of the boose shore nsmed l 
It would bo tedious to enumerate the various modifications of form sod Motion to which 
the oil lamp has been mhject, previous to its arrival at what ms/ be deemed its per- 
net construction by Argand. The diseoveryof the mode of applying a new principle 
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by this individual not only produced an entire revolution in the manufacture of the ar- 
ticle, bat threatened with rain all those whom the patent excluded from participation 

1052 1063 ‘ m new tra ^ e • 80 much so indeed* 

that Argand, who had not been ap- 
prenticed to the business, was pub- 
licly persecuted by the tinners, lock- 
smiths, and ironmongers, who dis- 
puted his righffey any improvements 
to infringe the profits of their char- 
tered vocation. u This invention,” to 
^uote a description of the lamp pub- 
lished some years ago, “embraces so 
many improvements upon the com- 
mon lamp, and has become so gene- 
, ral throughout Europe, that it may 
be justly ranked among the greatest 
discoveries of the ago. As a substi- 
tute for the%andle, it has the advan- 
tage of great economy and conve- 
nience, with much greater brilliancy; 
and for the purpose of producing heat, 
it is an important instrument in the 
hands of the chemist We may, with 
some propriety,” continues this autho- 
rity, 11 compare the common lamp and 
the candle to fire made in the open 
air, without any forced method of 
.supplying it with oxygen; while 
the Argand lamp may be compared 
to a fire in a furnace, in which a 
rapid supply of oxygen is furnished 
by the velocity of the ascending cur- 
rent This, however, is not the only 
advantage of this valuable invention. 
It is obvious that, if the combustible 
vapour occupies a considerable area, the oxygen of the atmosphere cannot combine 
with the vapour in the middle part of the ascending column. The outside, therefore, 
is the only part which enters into combustion ; the middle constituting smoke. This 
evil is obviated in the Argand lamp, by directing a current of atmospheric air 
through the flame, which, instead of being raised from a solid wick, is produced 
from a circular one, which surrounds the tube through which the air ascends.” 

The mechanism of the Argand burner, in its present improved state, will be clearly 
understood from the annexed figures and explanation, which apply equally to each de- 
scription of the lamps hereafter described. 
a, J?cr. 1064, is a brass tube, about 3 \ inches in length, and 1) inch wide ; within this 
* 1054 tube is placed another, b, 

which is soldered fast in- 
side by the flange at c : 
the space between these 
tubes contains the oil sur- 
rounding the wick, and 
which, being freely ad- 
|? mitted from the reservoir 
by the side pipes d e, rises 
in the tubular space, either 
to a height corresponding 
with its level in the reser- 
voir, or at least so as to 
maintain the wick in a 
state of constant satura- 
tion. The tube b is of considerable thickness, having a spiral groove cut about it 
from top to bottom : w is a metallic ring made to slip over the tube n ; it contains a 
short pin inside, which fits exactly into the spiral groove just mentioned: a is the 
•circular woven cotton wick, the lower end of which is drawn tight upon the neck of the 
Ting; H is a copper tube, with a slit nearly from top to bottom : it admits the ring 
r, and being dropped over the inner tube b, exactly fits the inside of the wider tube 
▲, by means of a narrow rim near the top at a, and another at the bottom b: between 
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the upper run and the margin, there is a small projecting pin c, which, when the whole 
apparatus is combined, fits into the cavity e of the collar x. To prepare the lamp for 
use, the tnbe h is placed between a and b, as just described s the nngr.with its 
charge of cotton, is next inserted, the pin in the inside foiling into the spiral groove, 
and that on the outside entering the slit in the tnbe H, which, on being turned about, 
moves the ring r down upon the screwed {finer tubf, until the wick only just rises 
above the superior edges of the tubes, in the interval between whieh it lies in the ofi. 
In this stsge, the frame I is placed on the nick in the collar at e, foiling upon the pin 
near the top of b t the lower disc/ g, passing over the tube A, at once presents a 
convenient support for the glass chimney, and a finger-hold for raising the wick. The 
central tube Is open throughout, communicating, at its lower end, with the brass 
receptacle x ; the latter is perforated at top, to admit the air which, by circulating 
through the above tube, ana the hollow flame which aurroun&s it, causal. the lamp to 
burn with that peculiar freedom and brilliancy which distinguish the Arguid con- 
struction. This last-mentioned receptacle likewise catches any small quantity of oil 
which may past over the inner tube during the combustion of the wick, l is the 
brass pe& which fits into the upper part of the pillar, iu the table lamp.. 

In addition to the endless variety of small portable lamps, r.he peculiarities of which 
it would be tedious to particularise, and the merit of which, as compared with those 
on the Argand principle, consists, for the most part, in their cheapness, the more im- 
portant articles, and those generally in demand, may be distinguished as fixed or 
bracket lamps, suspended or chandelier lamps, and table 
or French lamps — all these having burners on the prin- 
ciple above described. The former sort were, previous to 
the introduction of gas, very common m shops. The 
globe A (Jig. 1065), which is sometimes made plain and 

1065 



sometimes embossed, as in the cut, screws of£ when the 
oil is poured in at an opening in the lower part, which 
is afterwards closed by means of a slide attached to 
the stem, B, and the globe, thni replenished, is inverted 
and screwed into the part, c. When the lamp is used, 
the stem b is raised a little, and the oil is suffered to flow 
through the intermediate tube into the cistern d, only at the 
rate at which it is consumed by the burning of the wick. 

The peculiar form of the glass chimney a is admirably 
calculated to assist in the more complete combustion of 
the matter drawn up to the wick when impure oil is used, 
a desideratum originally in part secured by placing over 
the central tnbe, and in the midst of the name, a cir- 
cular metal plate, by means of which the ascending 
column of air was turned out of its perpendicular coarse, 
and thrown immediately into that part of the flame where 
the smoke is formed, and which by this ingenious con- 
trivance is effectually consumed; this application, how- 
ever, is not necessary,' nor the form of much moment, 
when purified sperm oil is used. These lamps being | 
usually made to move on a pivot at r, attached to the wall 
or other, support, are very convenient in many situations, aa being easily advanced 
over a desk or counter, and afterwards turned aside, when not in use. 
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The rinumbnl lamp having passed out of use need not bo described. 

The use of spirit lamps followed, and we have the naphtha and eamphine lamps of 
this order. The accompanying woodcut (Jig. 1066) shows the peculiarity of the 
eamphine lamp where the reservoir of spirit (turpentine deprived of smell) is far 
below the burner, to which it ascends by capillary attraction, through the tubes of the 
cotton wick. Lamps to burn naphthas (Bemumtine, Ac.) are constructed on the 
principle, as are all the paraffine and mineral oil lamps. 

One of the best oil lamps, is that knows as Careers lamp. 

In this lamp the oil is raised through tubes by clock-work, so as continually to 
overflhw at the botfom of the burning wick ; thus keeping it thoroughly soaked, while 
tiie excess of the oil drops back into the cistern below. I have possessed for several 
years an excellent lamp of this description, which performs most satisfactorily ; but 
it can hardly be trusted in the hands of a servant ; and when it gets at all deranged, 
it must be sent to its constructor in Paris to be repaired. The light of this lamp, 
when tarnished with an appropriate tall glass chimney, is very brilliant, though not 
perfectly uniform ; since it fluctuates a little, but always perceptibly to a nice ob- 
server, with the alternating action of the pump-york ; becoming dimmer after every 
successive jet of oil, and brighter just before its return. The flame, moreover, always 
flickers more or less, owing to the powerful draught, and rectangular reverberatory 
shoulder of dhetchimney. ’ The mechanical lamp is, howevfk, remarkable for con- 
tinuing to burn, not only with unabated but with increasing splendour for 7 or 8 
hours ; the vivacity of the combustion increasing evidently with the increased tem- 
perature and fluency of the oil, which by its ceaseless circulation through the ignited 
wick, gets eventually pretty warm. In the comparative experiments made upon 
different lights by the Parisian philosophers, the mechanical lamp is commonly taken 
as the standard. I do not think it entitled to this pre-eminence : for it may be 
made to emit very different quantities of light, according to differences in the nature 
and supply of the oil, as well as variations in the form and position of the chimney. 
Besides, such l%mps are too rare in tthis country to be selected as standards of illu- 
mination. 

The following experiments by Dr. Ure, are well worth preserving. 

The great obstacle to the combustion of lamps lies in the viscidity, and consequent 
sluggish supply of oil, to the wicks ; an obstacle nearly insuperable with lamps of the 
common construction during the winter months. The relative viscidity or relative 
fluency of different liquids at the same temperature, and of the same liquid at different 
temperatures, has not, I believe, been hitherto made the subject of accurate researches. 
I was, therefore, induced to make the following experiments with this view. 

Into a hemispherical cup of platinum, resting on the ring of a chemical stand, I 
introduced 2000 water-grain measures of the liquid whose viscidity was to be measured, 
and ran it off through a glass siphon, } of an inch in the bore, having the outer leg 3J 
inches, and the inner leg 3 inches long. The time of efflux became the measure of 
the viscidity ; and of two liquids, if the specific gravity and consequent pressure 
upon the siphon were the same, that time would indicate exactly the relative vis- 
cidity of the two liquids. Thus, oil of turpentine and sperm oil have each very nearly 
the same density; the former being, as sold in the shops, *= 0*876, and the latter from 
0*876 to 0*860, when pure and genuine. Now I found that 2000 grain-measures of 
oil of turpentine ran off through the small siphon in 95 seconds, while that quantity 
of spernroil took 2700 seconds, being in the ratio of 1 to 28} ; so that the fluency of 
oil of turpentine is 28} times greater than that of sperm oiL Pyroxilio spirit, com- 
monly called naphtha, and alcohol, each of specific gravity 0*825, were found to run 
off respectively in 80 and 120 seconds -, showing that the former was 50 per cent, 
more fluent than the latter. Sperm oil, when heated to 265° Fahr., runs off in 300 
seconds, or one-ninth of the time it took when at the temperature of 64°. Southern 
whale oil, having a greater density than the sperm oil, would flow off faster were it 
not more viscid. 

2000 grain measures of water at 60° run off through the said siphon in 75 seconds, 
but when heated to 180° they run off in 61. 

Concentrated sulphuric acid, though posseting the great density of 1*840, yet flows 
off very slowly at 64°, on account of its viscidity ; whence its name of oil of vitriol. 
2000 grain-measures of it took 660 seconds to discharge. 

LAMPIC ACID. Sgit Aldehydic acid; Acetylous acid. ( Acide Lumpique, Ft.) 
If a little ether be placed at tbe bottom of a glass, and some spongy platinum attached 
to a wire of the same metal be ignited and suspended about an inch from tim fluid, 
it will glow and continue to do so for a long time. On the other hand, if a spiral of 
platinum wire be placed over the wick of a spirit lamp, and the latter be first ignited 
ami then blown out, the wire will continue at a red heat until all the spirit is exhausted. 
Numerous sesquicxides, when placed warm on wire gause over capsules c ont ai ni ng 
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alcohol, will glow in the same manner. Under all these circumstances, a jtowerfal 
odour resembling aldehyde is evolved, which strongly affects the eyes. If this expe- 
riment he made u such a manner that the volatile product may he oondeased, it will 
he found to he strongly acid. It is powerfully reducing in its tendency, and if heated 
with the oxides of silver or gold, converts them into the metallic state, and the 
liquid is found to contain acetic add and resin of aldehyde. If, however, the aoid 
liquid he only very gently warmed with oxide of silver, a portion of the latter is dis- 
solved ; hut when baryta is added to precipitate the 'silver as oxide, and the fluid is 
warmed, the metal instead of the oxide comes down, and the fluid when tested for the 
nature of the acid, A found to contain nothing but acetate of baryta. These phe- 
nomena are explained by some chemists hy supposing the fluid to contain an aoid 
which they, following the late Professor Daniell, call the lampic, and supposed to con- 
tain tflPO*. When lampic aoid is treated first with oxide of silver and then with 
baryta water and heated, they consider that the oxygen of the oxide of silver is trans- 
ferred to the lampio acid, converting it into acetic acid, which combines with the 
baryta, while the metallic silver is precipitated. The following equation explains 
the reaction supposed to take place:*— 

C«H«0» + BaO + AgO - tfHKP, BaO + Ag + HO. 

v V 1 

Lampio aciS. Acetate of bary taF o t 

The conversion of the lampio into acetic acid is therefore attributed to the oxidising 
tendency of the oxide of silver. Those who regard the decomposition from the above 
point of view, consider lampio add to be acetylous acid, that is to say, to hear the 
same relation to aoetylio acid (acetic acid) that sulphurous acid does to sulphuric 
acid. 

The above explanation, although simple, does not really render a satisfactory 
account of the reactions which bear upon the subject Aldehyde, when treated with 
oxide of silver does, it is true, become converted into the same, or apparently die 
same, substance as lampic acid, but the probabilities are in favour of Gerhardt's suppo- 
sition, that the lampates are in fhet aldehyde, in which an equivalent or hydrogen is re- 
placed by a metal. That the aldehydes are capable of uniting with metals with elimina- 
tion of hydrogen has been, on more than one occasion, proved by experiment There 
is great difficulty in preparing the sodium aldehyde of the vinio series, but the author 
of this article has found that if euodic aldehyde from oil of rue be treated with sodium, 

nnunQi i 

a definite compound is formed, having the formula j}£ [• 

If, therefore, we admit aldehyde to be formed on the hydrogen type, that is to say, 
two atoms of hydrogen in which one is replaced by the oxidised radical acetyl, we 

P4DIQI | 

shall have for aldehyde : — jj | ; and for the lampates, acetylurets, or aldehy- 

dates: — £ . M. Gerhardt, who views the lampates in the above light, regards 

aldehyde as the true acetylous acid. See Acetyl. — C. G. W. 

LAMBSKINS. With the fleece on, these are extensively used for clothing, for 
door mats, and the like. Prussian lambskin* are used for linings, for coat collars and 
cuffs. Astracan lamb , which is a rich glossy black skin with short for, is used for 
many ornamental costumes. Hungarian lamb : this skin forms the national coat of 
Hungary. Spanish Iambi— the short jacket of the Spaniard is made of 'this skin. 
It is said that upwards of a million lambskins are imported into this country for 
glove-making. 

LANGE WOOD. Uvaria lanceolata or Guaiteria nrgata. This wood is imported 
from Jamaica and Cuba in long poles from 3 to 6 inches diameter. Lance wood is 
paler in colour than box ; it is selected for elastic works, as gig-shafts, archery bows, 
springs, &c. These are bent into the required form hy boiling or steaming. Sur- 
veyors rods,, ordinary rules, and billiard cues are made of lance wood. 

LANDER. In mining, the man who attends at the mouth of the shaft to receive 
the "kibble of ore” as it reaches the surface. 

LAPIDABT, Art qfi The art of the lapidary, or that of cutting, polishing; and 
engraving gems, was known to the ancients, many of whom have left admirable spe- 
cimens of their skill. The Greeks were passionate lovers of rings and engraved 
stones i and the most parsimonious among the higher clashes of the Cyrenians are said 
to have worn rings of the value of ten mine (about 301 of our money). By for the 
greater part of the antique gems that have reached modern times, may be considered 
as so many models for forming the taste of the student of the foie arts, and for in- 
spiring his mind with correct ideas of what is truly beautifbl. With the cutting of 
Che diamond, however, the ancients were unacquainted, and hence they wore it indts 
natural state. Even in the middle ages, this art was still unknown; for the four large 
diamonds which enrich the clasp of the imperial mantle of Charlemagne, as now pre- 
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■erred in Peril, are uncut* octahedral crystals. But the art of working diamonds 
was probahlr known in Hindostan and China inrery remote periods. After Louis d* 

a en'r discovery, in 1476, of polishing two diamonds by their mutual attrition, all 
est diamonds were sent to Holland to be out and polished by the Dutch artists, 
who long retained a superiority, now no longer admitted by the lapidaries of London 
and Paris. See Dxaxoxb. • 

The operation of gem cutting is abridged by two methods ; 1, by dearage ; 3, 
by cutting off slioea with a fine wire, boated with diamond powder, and fixed in 
the stock of a h^id-saw. Diamond is the only precious stone which is cut and 
polished with diamond powder, soaked with olire dll upon a mill plate of rery soft 
steeL 

Oriental mines, sapphires, and topaies, are cut with diamond powder soaked with 
olire oil, on a copper wheel. The fhcets thus formed are afterwards polished on 
another copper wheel, with tripoli, tempered with water. 

Emeraldvdiyacinths, amethysts, garnets, agates, and other softer stones, are cut at a 
lead wheel, with emery and water \ and are polished on a tin wheel with tripoli and 
water, or, still better, on a sine wheel, with putty of tin and water. 

The more tender precious stones, and even the pastes, are cut on a mill-wheel of 
hard wood, with emery and water; and are polished with tripoli and water on another 
wheel of hard 'Vood. * 


Since the lapidary employs always the same tods, whatever be the stone which he 
cuts or polishes, and since the wheel discs alone vary, as also the substance he uses 
with them, we shall describe, first of all, his apparatus, and then the manipulations for 
diamond cutting, which are applicable to every species of stone. 

The lapidary’s mill, or wheel, is shown in perspective in Jig. 1067. It consists of 
IQ07 a strong frame made of oak carpentry, with 

tenon and mortised joints, bound together 
with strong bolts and screw nuts. Its form is 
a — j I 3 a parallelopiped of from 8 to 9 feet long, by 

I I from 6 to 7 high ; and about 3 foot broad. 

I I These dimensions are large enough to con- 

L ft | tain two catting wheels alongside of each 

S other, as represented in the figure. 

Besides the two sole bars n b, we perceive 
in the breadth, 5 cross bars, o, d, k, r, o. 
r W 1 The two extreme bars c and o, are a part of 

^ Jk N the frame-work, and serve to bind it The 

> A C ^ a {] two cross-bars u and r, carry each in the 

ota middle of their length, a piece of wood as 

thick as themselves, but only 4j inches long 
(s mjtg. 1067), joined solidly by mortises and tenons with that cross bar as well as 
with the one placed opposite on the other parallel face. These two pieces are called 
summers (lintels); the one placed at D is the upper ; the one at r the lower. 

In Jig. 1068 this ffcce is shown inside, in order to explain how the mill wheel is placed 
and supported. The same letters point dut the same objects, both in the preceding and 
the following figures. 

In eagh or these summers a square hole is cut out, exactly opposite to the other in 
which are adjusted by friction a square piece of oak, a a, 

I 1068 fi9 - 1088 » ^hose extremities are perforated with a conical 

r| hole, which receives the two ends of the arbor h of the 

□ wheel i, and forms its socket. This square bar is adjusted 

R [ j n at a convenient height by a double wooden wedge, bb. 

I L| <5 — £ The cross bar in the middle e, supports the table ec,a 

y strong plank of oak. It is pierced with two large holes, 

Jzl L jgjjpjji whose centres coincide with the centres of the conical holes 

U« hollowed out at the end of the square pins. These holes 

1 I "■ of about 6 inches diameter each, are intended to let the 

4ite=ji Z oE arbor pass freely through, bearing its respective wheel 

— II V (See 0110 of these holes at z, in Jig. 1073 below.) 

II 3 $li Each wheel is composed of an iron arbor H ,Jig. i068, 

* of a grinding wheel x, which differs in substance according 
t u to circumstances, as already stated, and of the pulley jr, fur- 

II nished with several grooves (see Jig* 1070), which has a 

Vf 5? Ct 5? square fit upon the arbor. The arbor carries a collet d, on 

A\l — — which ore 4 iron peg* or pins that enter into the wheel to 

^ f > fasten it 4k 

S The wheel plate, of which the ground plan Is shown at 
k, is hollowed out towards its centre tobhalf its thickness; 
when it is in its position on the arbor, as indicated in fig* 
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1060, a washer or ferrule of wrought iron is put over it, and secured in its place by 
a double wedge. In jffp. 1060 the wheel-plate is represented in section, that the 
connection of the whole parts may be seen. 

A board g (see fig. 1067 and fig. 1075), about 7J inches high, is fixed to the 
part of the frame opposite to the side at which the lapidary works, and it prevents 
the substances made ustffof in the cutting and polishing from being thrown to a 
distance by the centrifugal force of the wheel-plate. r 
Behind this apparatus is mounted for tach grinding-plate, . iqaq 
a large wheel x. (tee fig. 1067), similar to a cutler's, but placed A A 10<0 

horizontally. This wheel is grooved round its circumference HI I 

to receive an endless cord or band, which passes round one of Hi . 
the grooves of the pulley J, fixed below the wfceel-plate. Hence, || B 

on turning the fly-wheel l, the plate revolves with a velocity || m 

relative to the velocity communicated to the wheel L, and to U 
the difference of diameter of the wheel L and the pulley j. V 

Each wheel l, is mounted on an iron arbor, with a crank (see ✓ v 

13<i)« « f /Ts \ 

The lower pivot of that arbor A is conical, and turns in a (I frflh) 1 
socket fixed in the floon The great wheel l rests on the collet V ^ / 
i, furnished with its 4 Von pins, for securing the connection. 

Above the wheel an iron washer is laid, and the whole is fixed by a double wedge, 
which enters into the mortise l 9 fig. 1071. 

Fig. 1072 exhibits a ground-plan view of all 1072 

this assemblage of parts, to explain the structure — 
of the machine. Everything that stands above 
the upper summer-bar has been suppressed in this 
representation. Here we see the table c e; the 
upper summer m ; the one wheel-plate 4 the other 
having been removed to show that the endless cordF 
does not cross ; the two largo wheels x, l, present 
in each machine, the crank bar n, seen separate 
in fig. 1073, which serves for turning the wheel l. 

1073 




This bar is formed of 3 iron plates n, o ; p f q\ and q , r (fig. 1073). The first is 
bent round at the point n, to embrace the stud s ; the second p q, is of the same 
breadth and thickness as the first; and the third, is adjusted to the latter with a hinge 
joint, at the point q % where they are both turned into a circular form, to embrace the 
crank x. When all these pieces are connected, they are fixed at the proper lengths by 
the buckles or square rings tit, which embrace these pieces, as is shown in fig. 1072. 

The stud «, seen in fig. 1073, is fixed to the point v, by a wedge-key upon the 
arm p, represented separately, and in perspective, in fig. 1074. The labourer seising 






the two upright pegs or handles ax; by the alternate forward and backward motion 
of his arm, he communicates the same motion to the crank rod, which transmits it to 
Ae crank of the arbor x, and impresses oh that arbor, and the wheel which it beafts, 
a rotatory movement 
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dj me two square plugs aa, fixed into the two tummert by the wedges b b, On tbe 
two sides of the wheel-plate, we perceive an important instalment called a dial, which 
serves to holdlhe stone daring the catting and polishing; ?This instalment has re- 
ceived lately important ameliorations, to be described in fig, 1076. The lapidary holds 
this instrument in his hand, he rests it npfln the iron phis u u, fixed in the table, lest 
he should be affiectq£ by the velocity of the revolving wheel-plates He loads it some- 
times with weights e e, to make it take better hold of the grinding plate. 

Fig, 1076, shows an improvement made by one of the most expert lapidaries of 
Geneva, whereby he cats and polishes the meet with extreme regularity, converting 
1076 it into a true dial* Each of the two jaws bears a large eonehoidal 
cavity, into which ii fitted a brass ball, which carries on its npper 
•A part a tube e, to whose extremity is fixed a dial-plate//, engraved 
with several concentric circles, divided into equal parts, like the 

jifp) J 1 toothed-wheel cutting engine-^iate, according to the number of 

1 fecets to be placed in each catting range. The tube receives with 
r~ . ~i moderate fr iction the handle of the eement red, which is fixed at the 

m. proper pint by a thumb-screw, not shown in the figure, being con* 

I eealed by the vertical limb d, about to be described. 
v A needle or index g, placed with a square fit on the tail of the 

cement rod, marks by its point the divisions on the dial plate// on the side m n, 
of the jaw a, there is fixed by two screws, a limb d, forming a quadrant whose centre 
is supposed to be at the centre of the ball. This quadrant is divided as usual into 90 
degrees, whose highest point is marked 0, and the lowest would mark about 70 ; for 
the remainder of the arc down to 90 is concealed by the jaw. The two graduated 
plates are used as follows : — 

When the ceifient rod conceals zero or 0 of the limb, it is then vertical, and serves 
to cat the table of the brilliant j or the point opposite to it, and parallel to the table. 

On making it slope a little, 5 degrees for example, all the facets will now lie in the 

same zone provided that the inclination be not allowed to vary. On turning round 
the eemeut rod the index g marks the divisions so that by operating on the circle 
with 16 divisions, stopping for some time at each, 16 facets will have been formed, of 
perfect equality, and at equal distances, as soon as the revolution is completed. 

In cutting the stones, they ore mounted on the cement-rod n f Jig. 1077, whose stem 
is set upright in a socket placed in a middle of a sole piece at ▲, which receives the 
1077 stem of the cement-rod. The head of the rod fills the 

a, 1078 cup of A melted alloy of tin and lead is poured into 

n ft the head of the cement-rod, into the middle of which the 

I % atone is immediately plunged j and wherever the solder 

U c ^ has become solid, a portion of it is pared off from the 

5 .|V i r 'ir n ^r — ZfM ’i’W I 1 top of the diamond, to give the pyramidal form shown in 
F the figure at R 

\!j (1 There is an instrument employed by the steel polishers 

QJ U for pieces of clock work, and by the manufacturers of 

m watch-glaf ses for polishing their edges. It consists of a 

L — ^ solid oaken table jig. 1078. The top is perforated with 

two holes, one for passing through the pulley and the arbor of tbe wheel plate n 
made either of lead or of hard wood, according to circumstances ; and the other c for 
receiving the upper part of the arbor of the large pulley d. The upper pulley of the 
wheel plate is supported by an iron prop b, fixed to the table by two wooden screws, 
The inferior pivots of the two pieces are supported by screw sockets, working in an 
iron screw nut sank into the summer bar r. The legs of the table are made longer 
or shorter, according as the workman chooses to stand or sit at his employment, 
Emery with oil is used for grinding down, and tin patty or colcothar for polishing. 
The workman lays the piece on the flat of the wheel plate with one band, and presses 
it down with a lump of cork, while he turns round the handle with the other hand. 
See the different gems under their respective heads. 

I. A PIS LAZULL A (ideate of *oda,lime, «nd alnmioa, with the lolphide of 
iron and sodium in minute quantities. This beautiful mineral iifboud in crystalline 
limestone of a greyish colour, ondthe banka of the Indus, and in granite in Persia, 
China, and Siberia. 

The finest varieties are highly esteemed, being employed in the manufacture of 
costly vases. It was also the source from which the beautiful pigment ultramarine, 


Ultramjluikb. 

* LAPS. Metal polishing wheels. Metal wheels or laps made of nearly every metal 
Voi.lL •* 
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and alloy in common use, have been more or less employed in the mechanical arts as 
vehicles for the application of several of the polishing powders. Sot of all laps, not- 
withstanding their variety, those of lead, slightly alloyed, and supplied with pow- 
dered emery, render the most conspicuous service. Generally the plane, or flat surfoce 
of the lap, is employed: at other times the cylindrical edge, as by cutlers i but the 
portion aetoally used in either case called the fact af,the lap. There are several kinds 
of laps. The lap is in some cases a thin dfoo of metal, fixed by means of a screwed 
nut against a shoulder on the spindle, but it is better with lead laps to employ an iron 
plate cast foil of holes to support the softer metaL The casting mould may in this 
case be either an iron disc, with a central screw to fix the iron centre plate at the 
time of pouring, or the mould may be mad* of sand and in halves, after the usual 
manner of the foundry. In either case the iron plate should be made as hot as the 
fluid metal, which, by entering the holes, becomes firmly united to the iron, especially 
if the holes are largest on the reverse side, or that away from the leBdL^Hoitzapffef. 

Lap is also a roll or sliver of cotton for feeding the cards of a spinning machine. 

LARD. The fat of the pig. Oxr imports in 1863 and 1864 have been — 



18GS. 

It 

18G4. 

0 


Cwti. 

Computed 
real value. 

CwU. 

Computed 
roal value. 

Hamburg 

United States : 

North Atlantic ports - 
South Atlantic ports - 
British North America - 
Other parts 

6,442 

519,220 

l»86j 

1,970 

2,019 

£ 

16,287 

993.233 

3,442 

3,982 

5,614 

5,384 

202,636 

6jJ)05 

3,250 

£ 

16,276 

451,274 

13,674 

9,201 

Total 

530,512 

1,022,558 

217,275 

490,425 


LARD OIL. Lard being subjected to pressure, an oil, oleine, is expressed, stearinc 
being left This lard oil is much used for lubricating machinery, and it was employed 
for the adulteration of olive oil. 

LASKS. All Indian cut stones are called lasks. They are in general ill-shaped 
or irregular in their form, their depth ill proportioned. The table, or face, seldom in 
the centre of the stone, sometimes too broad or too small, and none properly polished. 
The chief thing regarded is saving the sise and weight of the stone. These stones 
are always new wrought when brought to Europe. 

LATHE- CORDS. Cords for turning lathes. These cords are made of intestines 
of horses, cleaned and prepared by the separation of the mucous membrane in the 
manner described under Gold-Beaters* Skin. A wooden ball, armed in its lower 
part with four cutting blades, at equal distances from each other, is fixed by an 
upright piece of wood to a bench. The end of an intestine is then drawn over this 
ball, and as the gut is pulled downwards it is divided into four equal bondf or strips. 

Four or eight of these strips, according to the thickness which it is intended to 
give to the oord, are tied with a peculiar knot to one end of a thick piece of eord, 
The end is passed around a peg introduced into a hole in a solid post, to the side of 
which a number of pegs are attached. At a distance of ten or eleven yards from 
the first one, another post is fixed, similarly provided with pegs, and over one of 
these latter the middle of the assemblage of strips is passed, the other end being 
brought back, and attached to the first peg by means of another knotted eord. The 
tied ends of the strips are then attached to the wheel by a hook connected with the 
whirl, which is made to revolve until the strips are sufficiently twisted. The 
twisted end is then kept stretched by attaching it to the peg, and any projecting 
filaments are cut off. After being stretched for some time, the cords are then 
twisted again, and a third and a fourth time are twisted by hand, being each time 
rubbed with and drawn through a bunch of moistened horsehair after the twisting, 
and again stretched out between the two posts. If the cord is not smooth and even 
after the twisting is completed, it is made so by cubbing with a pieee of dog-skin. 
It is then dried, and by some makers is exposed to the vapours of sulphur. At last 
the ends are out off, and the cord is rolled in a coil. 

In order to avoid the putrid emanations from the intestines, which are generally 
in an incipient state of decomposition, Lab&rraque recommends to dean than at 
once,' turn the inside out, and put them to soak over night in a cask containing, for 
fifteen or twenty intestines, chloride of potash at 13° or 18°, 1 lb. » water, 4 gallons. 
The mucous menibrane is ready to be detached the next day j and after its 
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removal, and a thorough washing, the intestines can at onoe ho prepared as has been 
already describe. 

LATH WOOD. The outside cuttings of fir trees, used for being split into laths. 

LATTEN is a somewhat antiquated term, which was applied to several kinds of 
sheet metaL “Mines of kitten, whatever may have been meant by the word, are men- 
tioned in the time of Henry V l., who mode his chaplain, John Botteright, comp, 
t roller of all his mines of gold, silver, hopper, fatten, lead, within the counties of 
Devon and ComwaJL" Is tin meant by the term? — Watson’s Qfiemical Essays. 

In the reigns of Henry VIII. and Edward VI., several acts of parliament were 
passed, prohibiting the exportation of brass, copper, fatten, bell metal, gun- metal, 
schrof metaL Ac. Windows framed with lead are called fatties windows in the 
West of England. 

The term is now applied to sheet or plate brass. Black fatten is rolled sheets; 
shaven latter? ia in thinner sheets , and roll fatten is polished on both sides. 

LAUNDER. A miner's term for a wooden tube or gutter to convey water. A long 
shallow trough, carrying off the ore from the st&nps. 

LAUREL OIL. This oil is known also under the name of “oil of bays,” and is 
obtained from cither the fresh or dried berries of the bay trem(Laurus nobitis ), which 
grows principally in the sonth of Europe; and is also cultivated In our gardens, the 
leaves being used by the cook on account of their flavour. The terries were 
analysed by Bonastre in 1824, and amongst other things, were volatile oil, 0*8, laurin 
(camphor of the bay berry), 1*0, and fixed oil, 12*8, in 100 parts of the berries. 
Duhamel states that the fixed oil is obtained from the fresh and ripe berries by 
bruising them in a mortar, boiling them for three or four hours in water, and then 
pressing them in a sack. The expressed oil is mixed with the decoction, and on 
cooling is found floating on the surface of the water. When the dried terries are 
used, they are first subjected to th^ vapour of water until they are well soaked, and 
are then rapidly pressed between heated metallic plates. By the latter process they 
yield one-fifth of their weight of oil. It is imported in barrels from Trieste. It has 
a bntyraceous consistence and a granular appearance. Its colour is greenish, and its 
odour like that of the berries. Cold alcohol extracts from it the essential oil and 
green colouring matter, leaving the huro-stearine, which composes the principal part 
of it With alkalies it forms soaps. But its principal use is in medicine, and more 
particularly in veterinary medicine. It has been used as a stimulating liniment in 
sprains and bruises, and in paralysis. 

Native oil of laurel (Hancock) ; Laurel turpentine (S teahouse). — Imported from 
Demerara ; obtained by incisions in the bark of a large tree, called by the Spaniards 
“ Azeyie de sassafras , growing in the vast forests between the Orinoco and the 
Parime. This oil is transparent slightly yellow, and smells like turpentine, but 
more agreeable, and approaching to oil of lemons. Its sp. gr. at 50° F. is 0*8645. 
It consists of two or more oils isomeric with each other, and with oil of turpentine. Its 
colour is due to a little resin. It is an excellent solvent for caoutchouc. {Pereira). 

LAVA. The ejected matter of volcanoes. “ The stone which flows in a melted 
state from a volcano." ( LyeU. ) M. Abich obtained from the lava of 1669, 48*83 
silica. He made the lava to consist of 54*80 labradorite, 34*16 augite,7*98 olivine, 
and 3'08fnagnetic iron. 

Bischoff gives the following two analyses of lava: — 




Hecla. 

Etna. 

Silica - 


- 54*76 - 

- 49 63 

Alumina 


- 18*61 - 

- 22*47 

Peroxide of iron 


- 15*60 - 

- 10*80 

Lime 


- 614 - 

- 9*05 

Magnesia 


- 1-85 - 

- 2*68 

Potash - 


- 3*41 - 

- 8*07 

Soda 

- 

- 1*21 - 

- .0*98 


LAVA WARE. A peculiar stoneware, manufactured and coloured to assume the 
semi-vitreous appearance of lava. 

LAVER. Porphyra lachfata and Ulvafattssima. (See Algje.) 

LAVENDER, oil o£ See PmuKERY. ^ - v* v , 

From the flowers of the LavarSfalaspieata the oil of spike is obtained, which is used 
by painters on porcelain, and by artists in the preparation of some var ni s hes , 

LAWN. A fine linen fhbrie. ^ , 

iiAZULITE (Eng, and Fr.; LasuUth, Germ.), from an Arabic word, and, meaning 
heaven. It is a blue vitreous mineral, found massive and crystalline, traversing clay 
slate, and sometimes united with spathic iron ; spec. grav. 2*76 to 2*94 ; scratches 
glass ; affords a little water by calcination ; fusible into a white glass; dissolves in 
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tdds with loss of colour ; the eolation leaves an alkaline reeidaom, after being treated 
rith carbonate of ammonia, filtered, evaporated, and cal c in e d. By analysis it as found 
o consist of « — 

1. . 2 . . 

Phosphoric acid - 48*88 - - 46*79 

Alumina - - - - 3V77 - - 97*10 

Protoxide of iron - - - 8*90 - - 7*10 

Magnesi* 9*89 - -,11*87 

Water - - - - 5*56 - - 7*12 

LEAD. (JPlomb, Fr. ; BUi, Germ ) This metal appears to have been known at 
s very early period. It is mentioned by Moses, as a metal in common use. Job 
describes mining for lead, and the metallnrgic processes of refining and separating 
lilver from lead are very clearly described by both Job and Jeremiah. Lead has a 
bluish-grey colour, and, when recently cut, it exhibits considerable Metre, which, 
however, it speedily loses. It is one of the softest of the ordinary metals, is easily 
cat with a knife, may be scratched With the nail, and marks paper with a grey stain. 
Lead is malleable, and may be beaten into thin leaves, but these are of very imperfect 
tenacity ; hence, it cannot be drawn into thin wire ; a wire of ^ of an inch in dia- 
meter will not support 20 lbs. f • 

If lead be prepared in a very finely divided state, it is pyrophoric. This is nsnally 
prepared from the tartrate of lead, by heating it in* glass tube as long as any fames 
are evolved, consequently it is finely divided lead combined with some carbon. As 
soon as the fumes cease the tube must be closed at the blowpipe-lamp. If at any time 
the tube is broken, and the powder scattered in the air, it barns with a red flash. 

If lead ia heated in closed vessels, it fuses at 685° F. (885° Cent), and at a red 
heat, it gives off vapours. If fused lead is allowed to cool slowly, it crystallises in a 
lomewhat peculiar manner, the crystals are refernble to the octahedral system, hut 
;hcy group themselves in a very complicated and interesting way. By the electro- 
chemical action of sine on a solution of the acetate of lead, crystals of that metal are 
obtained in an arborescent form. This experiment is nsnally spoken of as the forma- 
ion of Saturn's tree , Satnra being the alchemic name for this metal. 

When fused in the air, lead oxidises rapidly, and it becomes covered with an 
ridescent pellicle, often of great beauty. It then passes into a yellow powder 
’Litharge), protoxide of lead. 

Pure lead is not affected by perfectly pure water free from air, but if air be present 
he metal is oxidised at its expense, and the oxide thus formed, combining with 
carbonic acid, is deposited on the lead in minute crystals os a basic carbonate of lead. 
The water will then be found to contain lead in solution, and such waters drawn 
Tom impure cisterns often produce very distressing consequences. If the water 
contains any sulphates, the lead is thrown down as a sulphate of lead, which is 
nsolublc. 

The native formations are the following. The localities, &c., are mainly derived from 
3reg and LettsouTs Manual of the Mineralogy of Great Britain and Ireland. 

1. Native lead. Mr. Greg appears to doubt the existence of native lead in this 
country. He says, however, K Native lead has been recently discovered in undoubtedly 
genuine specimens in the province of Guanaxuato in Mexico.” Some equally genuine 
ipecimens of native lead have been found in the Grassington mines ; these are in the 
XMsession of the Duke of Devonshire and of Stephen Eddy, Esq. 

2. Minium. Native oxide of lead. This ore is found in Anglesca, at Alston 
Sfoor, the Snailbeach Mine in Shropshire, at Grassington, the Leadhills in Scotland, 
ind Wicklow in Ireland. Its composition is — lead, 90*66, oxygen, 9*34. 

3. Cerussite. Carbonate of lead. This ore occurs in crystals, in fibrous, compact, 
uid earthy masses. It is found at several of the lead mines of Cornwall and Devon- 
ihire, and indeed in nearly all the mines producing the ores of lead, varying mnoh in 
ts character with the different conditions nnder which it has been formed. 

' This ore, in its purest state, is colourless and transparent like glass, with an adaman- 
ine lustre. It may be recognised by the following characters : 

Its specific gravity is from 6 to 6*7 ; it dissolves with more or leas ease, and with 
ffervesoenoe, m nitric acid; becomes immediately black ty the action of sulphuretted 
lydrogen, and melts on charcoal before the blowpipe into a button of lead. Accord- 
ag to Klaproth, the carbonate of Leadhills contains £2 parts of oxide of lead, and 18 
f carbonic acid, in 98 parts. This mineral ia tender, scarcely scratches calc-spar, 
nd breaks easily with a waved conchoidal fracture. It possesses the double refracting 
roperty in a very high degree ; the double image being very visible on looking 
hroagh the flat frees of the prismatic crystals. Its crystalline forms arc very nnnse- 
nus, and are reforrible to the rhombohedron. 

4* AngUeite. Sulphate of lead $ or Vitreous had. This mineral closely resembles car- 
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bonate of lead j ao that the external oharaetera are inadequate to distinguish the two. 
Bat the following are sufficient When pore, it has the same transparency and laitre. 
It does not effervesce with nitrie acid ; it is but feebly blackened by sulphuretted 
hydrogen \ it first decrepitates and then melts before the blowpipe into a transparent 
glass, which becomes milky as k cools. a By the combined action of heat and char- 
coal, it passes first into a red pulverulent oxide, and then into metallic lead. It consists, 
according to Klajyoth, of 71 oxide of lead, 25 sulphuric acid?2 water, and 1 iron 
The specimen was from Anglesea ; the Wanlockhead mineral is free $om iron. The 
prevailing form of crystallisation is the rectangular octahedron, whose angles and 
edges are variously modified. This mineral was first recognised in Anglesca, hence 
its name. It was found in the Channel Islands at Sark mine, and is occasionally met 
with in the Leadhills and Wanlockhead in Scotland, at Glemalure in Wicklow, and 
at Bollyconitonine, Co. Dublin. 

LeadkiBite . Sulphato-tricarbonatc of lead, — This ore is of a yellowish white colour, 
inclining to grey, sometimes yellowish-green, yellow and brown. Its chemical com- 
position is— 



29-7 

5. Pyromorp h ite. Phosphate of lead . — This, Hke all the combinations of lead with 
an acid, exhibits no metallic lustre, but a variety of colours. Before the blowpipe, 
upon charcoal, it melts into a globule externally crystalline, which by a continuance 
of the heat, with the addition of iron and boracie acid, affords metallic lead. Its con- 
stituents are 80 oxide of lead, 18 phosphoric aeid, and 1*6 hydrochloric acid, according 
to Klaproth's analysis of the min^yal from Wanlockhead. The constant presence 
of chlorine in %he various specimens examined is a very remarkable circumstance. 
The eryatalline forms are derived from an obtuse rhomboid. Phosphate of lead is a 
little harder than white lead ; it is easily scratched, and its powder is always grey. 
Its specific gravity is 6*9. It has a vitreous lustre, somewhat adamantine. Its lamellar 
texture is not very distinct ; its fracture is wavy, and it is easily frangible. The phos- 
phoric and arsenic acids being, according to 31 Mitscherlich, isomorphous bodies, may 
replace each other in chemical combinations in every proportion, so that the phosphate 
of lead may include any proportion, from the smallest fraction, of arsenic acid, to the 
smallest fraction of phosphonc acid, thus graduating indefinitely into arseniate of lead. 
The yellowish variety indicates, for the most part, the presence of arsenic acid. It is 
found in Cornwall, Devonshire, Yorkshire, and Derbyshire. 

6 . Mimetite. Arseniate of lead — The name is derived from fupvp-fa imitator, the 
species so nearly resembling pyromorphite. The colour of this ore varies from straw 
yellow and wax yellow to brown, reddish-brown, orange, yellow, and red. Before 
the blowpipe, on charcoal, it emita arsenical fumes and yields a bead of leal The 
analysis by Dnfrenoy gives the following^aa i* 8 composition: — 


Arseniate of lead ------- 84*55 

Phosphate of lead ------- 4 50 

v Chloride of lead ------- 9*05- 


At Dry gill, in Cumberland, this ore has been met with in sufficient abandonee to be 
worked to some extent as an ore of leal The mimetite from this mine was used in 
the manufacture of flint glass, to which it gave great brilliancy. The form of the 
arseniate of lead, when it ia crystallised, is a prism with six faces, of nearly the same 
dimensions as that of phosphafo of leal When pore, it is reducible upon charcoal, 
before the blowpipe, into metallic lead, with the copious exhalation of arsenical fumes ; 
but only in part, and leaving a crystalline globule, when it contains any phosphate of 
lead. The arseniate of lead is tender, friable, sometimes even polvernlent, and of 
specific gravity 5*04. That of Johann-Georgenstadt consists, according to Rose, of 
oxide of lead, 77*5 ; arsenic acid, 12*5 ; phosphoric acid, 7*5; and chlorine, ! *5. 

7. Galena. Sulphide of lead. — This is the most abundant ore of lead ; it may bo 
indeed regarded as the only commercial ore of any value, if we except the c arbon ates, 
which are probably fbrmedrby foe decomposition of galena. Its prevailing forma are 
the cube and » combination of the cube and octahedron ; lustre metallic, opaqne, 
colour and streak lead prep. Fracture conchoidal, but difficult to obtain, owing to the* 
readiness with which it cleaves. The localities of galena need not be named here,- 
as the lead producing districts, of whieh a list will be presently given, will inoludor 
them, and galena is included in them ail. Thomson's analysis of galena gives— 

Lead - 85*18- 

Iron 

Sulphur .. . ------ 18*02 . 


0 
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Antimony 
Sulphur - 


- 34*90 

- 25 53 


103*9# 

Tbit mineral may be regarded as a double sulphide of lead and antimony, analogous 
to the double sulphide of copper and Iron. 

9. Cromfordite. Chloride of lead. Horn-lead, or chloro-earbonate . — This ore has a 
pale yellow colour, is ^ducible to metallic lead by the #gency of n)da, and is not 
altered by the hydrosolphides. Before the blowpipe it melts first into if pale yellow 
transparent globule, with salt of phosphorus and oxide of copper, and manifests the 
presence of chlorine. It is fragile, tender, softer than carbonate of lead, and is some- 
times almost colourless, with an adamantine lustre. Spec. gray. 6*06. Its constituents, 
according to Berzelius, are, lead, 25*84 ; oxide of lead, 57 07 ; carbonate of lead, 6*25; 
chlorine, 8 '84 ; silica, 1*46 ; water, 0*54, in 100 parts. 

10. Flattnerite. Superoxide of lead. 

11. Linnrite. Cupreous sulphate of lead. 

12. Susannite. Sulnhato-tricarbonate of lead. , 

13. Lanarkite. Snlphato-carbonate of leatl. 

14. Culcedanite. Cupreoue sviphatu-carbonate of lead. 

15. Vdnadinite. Vanadiate of lead. 

16. Wulfenite. Tungstate of lead. 

17. SuJxite. Molybdate of lead. 

18. Geooronite. Sulphide of lead and antimony. 

19. Mendipiie , an Oxychlorule of lead. 

20. Matlockite, ditto. 

21. Red lead, or Chromate of lead. — This mineral is too rare to require consideration 
in the present work. 

22. Flomb Vauqudinite. Chromate of lead and copper. 

The ores of lead, which may be represented by galena, or the sulphide of lead, 
that being the truly commercial variety, are found in rocks of different ages from the 
granite and clay slates to the triasic formations. In the Devonian slate rocks, in 
the neighbourhood of Liskeard in Cornwall are many most productive lead mines. 
To the north of Truro is the lead mine Hu$l Rose, which has from its long celebrity 
given its name to the district ; and again to the south of Helstone there have been 
some valuable workings for lead. These formations of lead ore have all been in the 
clay slate, “killas” rocks of Cornwall. In Devonshire many most valuable lead 
mines have been worked in similar rocks. In these the celebrated mines of Beer 
Alston on the Tamar exist. With a very few exceptions but little lead has been 
discovered in the black slates, — the carboniferous series of Devonshire. Some lead 
ore has, however, been discovered in the new red sandstone and in the slate rocks im- 
mediately adjoining them near Newton St. Gyres. To the north of the carboniferous 
rocks of Devonshire we have a renewal of clay slate rocks, similar in all respects to 
those which are found near Liskeard in Cornwall ; in these rooks are the once 
famous argentiferous lead mines of Combe Martin, from which Edward the Black 
Prince denved an immense revenue. 

The lead mines of the Men dip Hills which were at one time very productive, but 
which are now producing but small quantities of lead ore, are in the mountain lime- 
stone formations. Those of Cardiganshire are found in clay-slates and gritstones, 
correspondent with or underlying the fewest beds described by Sir R. Murchison in 
his Silurian System. — Smyth. 

In Shropshire we have lead ore occurring in the original Silurian rooks, the 
formation. “ In that , lofty and ragged district of Shropshire which lies around the 
village of Shelve and the Corndon mountains, and which extends west of the Stiper 
Stones range into Montgomeryshire” (Murchison), lead lodes are abundant. In 
Derbyshire, in Yorkshire, in Cumberland, Northumberland, and Durham, the l&d 
mines prove the most productive in the mountain limestone formations, although there 
are some instan c es in which good lead mines have been worked in the sandstones and 
•hales. In addition to these, we have the mines in tbe Leadhills and at Wanfeck- 
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head, consisting chiefly of the graywaoke slates, in Scotland. Lugannre, &c. in the 
granite districts of Wicklow, Newton ardi in County Down, with a few others in 
Ireland, and the lead mines in the Silurian rocks of the Isle of Man. These are the 
principal districts from which our large supplies of lead ore are obtained. 

The extensive lead mines of Mr. Beaumont, which hare for many years produced 
about one-fourth of the quantity raised i§ England, about one-sixth of the produce of 
Great Britain, and about one-tenth of that of the whole of Europe, including the 
British Isles, are S* important, and in many respects so characteristic, that much of 
the description of them which appeared m the former edition is retained, as repre- 
senting many of the peculiar and important features of lead mining. An extensive 
section of this great lead mining district is in the Mining Record Office of the Museum 
of Practical Geology. This section was executed by Mr. 8opwith, and together with 
a series of ipgdels explains nearly all the phenomena of mineral veins. 

The datun or base line of the Allenheads section is 700 feet above the level of the 
«ea. The drawing, 161 fee* m length, is on a tgue scale of 100 feet to an inch ; by a 
true scale being meant, that the lengths and heights are projected to the scale or pro- 
portion, so that a true miniature profile of the country is given, as well as a correct 
reduction qf the relative fixe of the various rocks. The extlht of country thus shown 
is not quite 4 miles, being 3 miles 1,220 yards. 

The spectator is supposed to be looking to the north, and the section commences at a 
point about half a mile eastward from a place called Kilhope Head, which is con- 
spicuously marked in all English maps, inasmuch as the three counties of Northumber- 
land, Durham, and Cumberland here meet in one spot At about three quarters of a 
mile from the point of commencement, the section represents the hill called Kilhope 
Law 5 it is on the boundary line of the counties of Northumberland and Durham, and is 
the highest point of land in the last-named county, being 2206 feet above the level of 
the sea. But qat of the limits of this section, and about 10 miles south-west from Kil- 
hope Law, the same strata which are here delineated reach an altitude of 2901 feet above 
the sea, and this is the highest elevation attained by the rocks which form the car- 
boniferous or mountain limestone of the north of England. 

Such being the stratification of the central portion of the narrow part of the island, 
of which the coal fields of the Tyne and Wear form the extremity on the east bordering 
the German Ocean, for some distance north and south of Newcastle, while a similar 


coal field is found at the western extremity near Whitehaven, it may be observed with 
reference to these coal fields, that they lie over or upon the mountain limestone forma- 
tion. The coal beds so extensively worked in the Newcastle and Durham coal mines 
or collieries gradually rise to the west, and one by one crop out or basset according to 
the undulations of the country. At length at about 20 miles west of the German Sea, 
the lowest of the coal beds crops out, and from beneath it gradually appear the limestone 
strata, which continue to rise nearly coincident with the general rise of the country, 
until they reach the summit of Cross Fell (2901 feet). This general and very gra- 
dual inclination of the strata, a feature of the greatest importance in practical mining* 
is clearly and accurately delineated in this section. 

In a tluckness of about 2000 feet of the alternating beds of sandstone, clay, and 
limestone which form the strata of the mining districts of Allendale, Alstou, and 
WeardJle, there is one single stratum of limestone, called the “ great limestone," the 
veins in which have produced nearly, if not quite, as much ore as all the other strata 
put together. This stratum, delineated on the section, lies at a depth of about 850 
feet below the summit of Kilhope Law. Somewhat exceeding 2 miles eastward of 
this, at Allenheads, the top of the great limestone is 230 feet from the top of a shaft 
called Gin-Hill Shaft. Its thickness, which is tolerably uniform over several hundred 
square miles of country, is about 60 feet ; and it is in this stratum of limestone that 
the largest quantity of lead has been found. 

The dislocations of strata which constitute for the most part important mineral 
veins, are exhibited more in detail in the series of geological models already re- 
ferred to. 

At about a quarter of a mile to the west of, or left hand direction from Kilhope 
Law, the great limestone, and all other associated beds are thrown down a depth Of 
about 150 feet for a space of nearly 700 foot $ and again, at the distance of nearly a I 
mile from Allenheads, a vast dislocation takes place, by which the great limestone 
is brought nearly to the surface, the amount of displacement being about 400 fleet. 
It is in the great Hm^tone that by fhr the most extensive portion of the work- 
ings of Allenheads lead mines are situated, and the galleries or levels are very 
extensive. In a great thickness of strata above the great limestone, only two beds 
of that rook are fbund. One of these is called 44 little limestone." It is from 10 to 1 
12 feet thick, and is 75 foet above the top of the great lim estone, The other is stilt 
more inconsiderable, being only 3 or 4 foet thick, and is 440 foet above the great 
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limestone. It is remarkable with what exactness this thin bed is ffannd near the 
summit of the interrening spaces haring apparently been removed by denu- 
dation, so as to fo r m in one case a gap of 6J miles, and m another .of 1| miles, in 
which the Tell Top limestone is entirely cot off. 

Bat beneath the great limetone, are sereral beds of tlie same description of rock, 
Tii. at distances respectively of 80, 106, 190,650, and x87 feet, and the thickness 8, 24, 
10, 15, and 85 feet These are known by descriptive local names, and comprise all 
that are of significance as regards lead mining operations. p 

The Allenheads mines being situated for the most part at depths from the surface 
varying from 200 to 600 feet are drained, partly by ordinary waterwheels, and partly 
by hydraulic engines constructed by Mr., now Sir W. G. Armstrong; See Water 
Pressure Engines. 

Such is a general view of the lead mining districts of England, 'fbe following 
brief account of foreign lead mines is retained from the last edition. Much additional 
information will be fbnnd in the artic{p Mines. 

The principal lead mines at present worked in other parts of the world are the 
following : — I. Poullaouen and Huelgoet, near Carhair in France, department 
Finisterre, being veins o^galena, which traverse a clay slaUfresting om^ranite. They 
have been known for upwards of three centuries ; the workings penetrate to a 
depth of upwards of 300 yards, and in 1816, tarnished 500 tons of lead per annum, 
out of which 1034 pounds avoidupois of silver were extracted. 2. At Villefort and 
Yiallay, deportment of Loz&re, are galena mines said to produce 100 tons of lead 
per annum, 400 kilogrammes of silver (880 lbs. avoird.). 8. At Peteyand Macot, to 
the east of Moutien m Savoy, a galena mine exists in talc-schist, which has produced 
annually 200 tons of lead, and about 600 kilogrammes of silver (1230 lbs. avoird.). 
4. The mine of Yedrin near Namur in the Low Countries, is opened npon a vein of 
galena, traversing compact limestone of a transition district ; it has /fhrnished 200 
tons of lead, from which 885 pounds avoirdupois of silver were extracted. 5. In 
Saxony the galena mines are bo rich in silver as to make the lead almost overlooked. 
They are enumerated under silver ores. 6. The lead mines of the Han have been 
likewise considered as silver ones. 7. Those of Bley berg- in the Eifel, are in the 
same predicament 8. The galena mines of Bley berg and Yillach in Carinthia, in 
compact limestone. 9. In Bohemia to the south-west of Prague. 10. Mines of 
Joachimsthal and Bleistadt on the southern slope of the Erzgebirge, produce argenti- 
ferous galena. 11. There are numerous lead mines in Spain, the most important 
being in the granite hills of Linards, upon the southern slope of the Sierra Morena, 
audio the district of the small town of Canjagar. Sometimes enormous masses of 
galena are extracted from the mines of Linards. There are also mines of galena in 
Catalonia, Grenada, Murcia, and Almeira, the ore of the last locality being generally 
poor in silver. 12. The lead mines of Sweden are very argentiferous, and worked 
chiefly with a view to the silver. 13. The lead mines of Daouria are numerous and 
rich, lying in a transition limestone, which rests on primitive rocks ; their lead is 
neglected on account of the silver. c 

There have been a few lead mines in this country, which have been equally pro- 
ductive *of silver. This was especially the case with the lead mines which were 
formerly worked around Combe Martin, and those at Beer-Alsttm in Devonshire. 
One of the most remarkable of recent examples, is a small mine known as Huel 
Florence near Tavistock, from which some lead ore has been sold at upwards of 90/. 
a ton, on account of the large quantity of silver it contained. At the conclusion of 
this article some tables will be given, showing the argentiferous character of the dif- 
ferent lead producing districts of the United Kingdom. 

Before proceeding to the consideration of the metallurgy of lead, a few brief notices 
of the history of lead mining may not be out of place. 

As we have already stated, mining for lead must have been one of the earliest of 
man’s subterranean labours, and at sll periods of history we learn that lead mines 
have been worked. The Romans, especially, worked lead mines in Spam, and, after 
the conquest of this country, in many of oar lead producing districts, especially in 
Cardiganshire, Shropshire, and Flintshire. 

Lead mining appears to have been carried on from a very early period in Alston 
Moor, and some other of the northern districts. But in the west of England, lead 
mining must be regarded as a somewhat recent industry. 

“Borlase mentions, in 1758, that lead mines had anciently and lately been worked 
in Cornwall, and that those most notec( formerly, were Penrose, Penwerty, Trevasous, 
B e lcstian, and Gnarnek (Gams). He states, that Penrose mines (near Helstone) had 
been wrpught for about 200 years, that is, from about the middle of the sixteenth 

M r » and that they had yielded tolerable profit within thirty ■- 

ne worthy of note at work in his time, was at St Issy, near 
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describes the lead ore of Gams, near Truro, to have been 10 argentiferous, that when 
wrought about 1720, it produced 100 os. of silver in the ton of lead. Huel Pool, 
near Helstone, about 1790, yielded from 40 to 50 os. of silver per ton of lead, and 
works were erected for extracting the silver. The lead ore of Wheal Bose contained 
60 os. of silver per ton. 

In Devonshire, tbe Combe Martin aigl Beer Alston mines, have long "been cele- 
brated for their argentiferous lead ores. It is stated, that the produce of these mines 
was unusually great in the reigns of Edward I. and Edward X. In 1298, William 
de Wymundham accounted at the Treasury for. 270 lbs of silver raised in Devon. 
In 1294, it amounted to 521 L 10s. weight ; and in 1294, to 704/. 3s. Id. weight In 
1296, great profit is stated to have bein derived from the Devon mines ; and 860 
miners were impressed out of Derbyshire and Wales to work in them. In 1860, a writ 
was issued, authorising certain persons to take up as many miners and workmen as 
should be neebssary to work in the king’s mines in Devon, allowing them reasonable 
wapea according to the custom of the country ; Jo arrest and imprison such as should 
resist, till they Should give security to serve the king in the said mines, and to buy 
and provide timber at a competent price. 

Henry, bjphep of Winchester and cardinal of England, a# one of the executors of 
John, duke of Bedford, who had a grant from the king of the gold and silver mines 
of Devon and Cornwall, rendered 26 lbs. and 2 oz. weight of pore silver aa the 15th 
part of the pure silver raised in those counties from 15th December, 21st, to 16th 
August, 23rd of the same king’s reign. 

The Combe Martin mines were re-opened in tbe reign of Elizabeth. The working 
of these mines was strongly recommended to the Long Parliament in 1659 ; but 
Lysons observes that they do not appear to have been again worked until tbe dose of 
that century, and then without success. Tn 1813 they were again opened and worked 
for 4 years, producing only 208 to^s of ore in that time. In 1837 they were again 
worked, and we had an opportunity of observing that the previous mining operations 
presented every appearance of having formerly been veiy unskilfully managed. The 
two lodes near Beer- Alston have produced large quantities of argentiferous galena, 
often containing from 80 to 120 oz. of silver per ton of lead. According to Mr. 
Hit chinas, the greatest quantity which occurred in that part of them named & South 
Hooe mine was 140 oz. of silver per ton of lead. In 1784 and 1785 the silver pro- 
duce of these mines amounted to 6500 oz. From Huel Betsy, near Tavistock, which 
was re-opened in 1806, from 300 to 400 tons of lead, and from 4000 to 5000 oz. of 
silver were annually obtained. Lead mines were worked at a very early period in the 
Isle of Man, but the recent workings only date from the commencement of the present 
century. The mines of Cardiganshire were evidently worked by the Romans. In 
the reigns of Henry VII. and of Elisabeth they attracted much attention, and German 
miners were invited to work them. 

The English lead-miners distinguish three different kinds of deposits of lead ore ; 
rake-reins, pipe-veins , and Jlat-veins. The English word vein corresponds to the 
French term fdon; but miners make use, of it indifferently in England and France, to 
indicate all the deposits of this ore, adding an epithet to distinguish the different forms ; 
thus, rake-veins are true veins in the geological acceptation of the word vein ; pipe- 
veins arOmasacs usually very narrow, and of oblong shape, most frequently parallel to 
the plane of the rocky strata ; and Jlat-veins are small beds of ores interposed in the 
middle of these strata. 

In the north of England, which, on account of its great preponderance in produce, 
we take as the basis of our description of lead mining, the ores are for the most part 
found in veins ( lodes in CorniBh) and flats. Although different names have been as- 
signed to occasional varieties, the usual occurrence of lead ore is in rake veins, or 
direct running veins, usually named aa veins, with some distinctive appellation pre- 
fixed, as, fhr example, Rampgill Vein, Hudgillbum Vein. Other veins, lying parallel, 
receive a similar prefix, with the addition of the words north, east, or south ; but for 
the last named tne word aim is often need ; as, for instance, Hudgillbnrn Sun Vein, 
and 2nd and 3rd 8un Vein if farther discoveries are made of other parallel veins. 
Considerable quantities of ore are also raised from horizontal extensions of portions 
of the vein calledjfcffs, an&thesc are interposed between the strata adjacent to tne vein. 

Bake veins are the most common form in which lead ore occurs in Cumberland. 
They are in general narrower imthe sandstone which coven the limestone, than in the 
calcareous beds. A thickness of less than a foot in the farmer becomes suddenly 3 or 
4 feet in the latter i in the rich vein of Hudgillburn, the thickness is 17 feet in the 
Great limestone, while it does not exceed 3 feet in the overlying Watersill or sandstone. 
This influence exercised on the veins by the natnre of the enclosing rook, is instruc- 
tive; it determines at the same time almost uniformly their richness in lead ore, an 
observation similar to what has been made in other countries, especially in the veins 
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of Kongsbeig in Norway. The Cumberland Yeins are constantly richer, the mm 
powerftd they are, in the portions which traverse the calcareous rocks, than in the beds 
of san d stone, and more particularly the schistose rocks. It is rare in the rock called 
plate (a solid slaty day) far the vein to indnde any ore ; it is commonly filled with a 
species of potter's earth* The upper calcareous beds are also in general more produc- 
tive than the lower ones. In most of these mined? the veins were not worked till 
lately below the fifth calcareous bed (the fouivfothom limestone), which is 807 yards 
beneath the millston^grit ; and as’ the first limestone stratum is *108 yards beneath 
it, it follows that the thickness of the part of the ground where the veins are rich in 
lead does not in general exceed 800 yards. It appears however that veins have been 
mined in the neighbourhood of Alston Moot*, downwards to the eleventh calcareous 
stratum, or Tyne bottom limestone, which is 418 yards under the millstone-grit of the 
eoal formation, immediately above the whin-sill ; and that they have pgen followed 
above the first limestone stratum, as high as the grindstone sill, which is only 83 yards 
below the same stratum of millstone - gnt ; so that in the total thickness of the plumbi- 
forous formation is there more than 836 yards. It has been asserted that lead veins 
have been traced even farther down, into the Memerby scar limestone ; but they have 
not been mined. * * ^ 

The greatest enrichment of a vein takes place commonly in the points where its 
two sides, being not for asunder, belong to the same rock ; and its impoverishment 
occurs when one side is calcareous and the other a schistose clay. The minerals which 
most frequently accompany the galena, are carbonate of lime, finale of lime, sulphate 
of baryta, quarts, and pyrites. 

The pipe veins ( amas in French), are seldom of great length ; but some have a 
considerable width; their composition being somewhat similar to that of the rake veins. 
They meet commonly in the neighbourhood of the two systems, sometimes being in 
evident communication together ; they are occasionally barren ; but whyn a wide pipe- 
vein is metalliferous, it is said to be very productive. 

Th ejlat veins, or strata veins, seem to be nothing else than expansions of the matter 
of the vein between the planes of the strata ; and contain the same ores as the veins 
in their vicinity. When they are metalliferous, they are worked along with the ad* 
jaoent rake vein ; and are productive to only a certain distance from that vein, unless 
they get enriched by crossing a rake vein. Some examples have been adduced of ad- 
vantageous workings in flat veins in the great limestone of Cumberland, particularly in 
the mines of Coalcleugh and Nenthead. The rake veins, however, furnish the greater 
part of the lead which Cumberland and the adjacent counties send every year into 
the market 

The metalliferous limestone occupies, in Derbyshire, a length of about 85 miles from 
north-west to south-east, under a very variable breadth, which towards the south 
amounts to 85 miles. Castleton to the north, Buxton to the north-west, and Matlock 
to the south-east, lie nearly upon its limits. It is surrounded on almost all sides by 
the millstone grit which covers it, and which is, in its turn, covered by the coal strata. 
The nature of the rocks beneath the limestone is not known. In Cumberland the 
metalliferous limestone* includes a bed of trap, designated under the name of whinsilL 
In Derbyshire the trap is much more abundant, and it is thrice interposed between the 
limestone. These two rocks constitute of themselves the whole mineral mass,<ih rough 
a thickness of about 550 yards, measuring from the millstone grit ; only in the upper 
portion, that is near the millstone grit, there is a pretty considerable thickness of 
argillo-caloareous schists. 

Four great bodies or beds of limestone are distinguishable, which alternate with 
three masses of trap, called toadstone. The lead veins exist in the calcareous strata, 
but disappear at the limits of the toadstone. It has, however, been ascertained that 
they recur in the limestone underneath. See Mines and Mining. 

Metallurgy or Lead. 

Although lead forms an essential element in a large number of minerals, the ores of 
this metal are, strictly speaking, for from numerous. Of these the most important is 
sulphide of lead, or galena. This mineral, which possesses a metallic brilliancy, and 
has a lighter colour than metallic lead, presents, in its cleavage, all the variations 
from large fooettes and lamina indicating a cubic crystallisation to a most minutely 
granular structure. It is extremely brittle, and its powder presents a brilliant black- 

11 iSe ' spmfi^pmvity of galena W 7*5 to 7*8, and its composition, when absolutely 

pure, is : — 

Lead 86-55 

Sulphur - 18*45 


100 00 
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Galena is, however, but seldom found chemically pure, as, in addition to variable 

J uantities of earthy impurities, it almost always contains a certain amount of silver, 
t is usually observed that galena presenting large fecettes is less argentiferous than 
those varieties having a closer grain, and that finely granular steely specimens gene- 
rally afford the largest amount qf silver. 

It would appear, from recent experiments, that the silver contained in the finely- 
granular varieties galena often occurs in the form of sulphide of silver, mechanically 
intermixed, whilst in the more flaky descriptions of this ore, Tne sulphides of lead 
and silver are chemically combined. 

Galena occurs in beds and veins, in (granite, gneiss, day-slate, limestone, and sand- 
stone rocks. 

In Spain it is fonnd in the granite hills of Lanards and dsewhere; at Freiberg in 
Saxony it ocfcepies veins in gneiss; in the Harx, Bohemia, Cornwall, and many otter 
localities, it is found in killas, or day-slate. The rich deposits of Derbyshire, Cum- 
berland, and the northern districts of England, wre in the mountain limestone, whilst 
at Commem, near Aix-la-Chapelle, large quantities of this ore are found disseminated 
in the Bunter sandstone. - 

This minftaf is frequeiftly associated with blende, iron ana copper pyrites, the car- 
bonate and other ores of lead, and usually occurs in a gangue of sulphate of baryta, 
calc-spar, spathose iron, or quarts. It is also not un frequently associated with fluor- 
spar. 

The next most important ore of lead is the carbonate, which is a brittle mineral, of 
a white or greyish- white colour, having a specific gravity varying from 6*46 to 6*50. 
Its composition is, — 

Carbonic add - 16*05 

Oxjjie of lead ------ 83*56 

99*61 

Large quantities of this sulgtance occur in the mines of the Mississippi Valley in 
the United States of America, where they were formerly thrown away as useless, but 
have since been collected and smelted. Vast deposits of this substance have also been 
found in the Banter sandstone, near Diiren, in Prussia, and at Freyung, in Bavaria. 
Tn the two latter localities it appears to form the cement holding together the granules 
of quartz, of which the sandstone principally consists. These ores, which yield from 
14 to 20 per cent of metal, do not readily admit of being concentrated by washing. 

The sulphate of lead does not often occur in sufficient quantities to be employed as 
an ore of that metal. In appearance it is not nnlike the carbonate, but may readily 
be distinguished from it by its not dissolving with effervescence in nitric acid. 

Its specific gravity is from 6*25 to 6*30, and its composition : — 


Sulphuric acid ------ 25*65 

Oxide of lead - - - , - - - - - 74*05 


99*70 

This Sre of lead usually results from the oxidation of galena. At St. Martin’s, 
near the Vega de Biboddeo, in Spain, this mineral, more or less mixed with the 
phosphate of lead, is found in sufficient quantities to be made, on a small scale, the 
subject of an especial metallnrgic treatment Large quantities of sulphate of lead ores 
are also annually imported into this country from the mines in Australia. These 
ores contain on an average 35 per cent of lead, and 35 oi. of silver to the ton of ore, 
together with a little gold. 

Phosphate of lead, when crystallised, usually presents the appearance of hexagonal 
prisms, of a bright-green, brown, or ydlowish colour. Its specific gravity varies from 
6*5 to 7*1. This mineral is composed of a mixture of true phosphate of lead, phos- 
phate of lime, chloride of lead, and fluoride of calcium, and usually contains about 
78 per cent, of oxide of lead. In Spain, it occurs in botryoidal forms, in connection 
with the sulphate of the same metal, and is treated in blast fttrnaces for the lead it 
affords. 9 

The other minerals containing lead seldom occur m sufficient quantities to he of 
much importance to the smelter, End may therefore be disregarded in tiie present article. 

The extraction and mechanical preparation of ores is the businew of the miner, 
and not of the metallurgist who receives them from the former freed as perfectly as 
ptssible from foreign matters. 

The metallurgio processes, by the aid of which lead is obtained from galena, may 
be divided into two classes. The first of these is founded on the following reactions s-— » 
If one equivalent of sulphide of lead and two equivalents of the oxide of the same 
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metal an fosed together, the molt if three equivalent* of metallie lead and one 
equivalent of sulphurous acid, which is evolved. 

This reaction is represented by the following equation s— 

PbS + SPbO-SPb + SO*. 

When, on the other hand, one equivalent^ sulphide of lead, and one equivalent of 
sulphate of lead an similarly treated, two equivalents of lead are obtained, and two 
equivalents of sulphfrous acid gas evolved. Thus : — *' 

PbS + PbO,SO»-2Pb + 280*. 

The process, fonnded on the foregoing reactions, and which we will distinguish as 
the method by double decomposition , consists in roasting the galena in a reverberatory 
furnace until a certain amount of oxide and sulphate has been formed, and subse- 
quently, after having intimately mixed the charge, and dosed the doors of the furnace, 
causing foe whole to enter into a sta(p of fusion. 

During this second stage of foe operation, the reaction between foe sulphides, sul- 
phates, and oxides takes place, and metallic lead is eliminated. The roasting of foe 
ore is, in some cases, cdudncted in foe same furnace in wlich foe fa-io*\ is effected, 
whilst in others two separate furnaces arc employed. 

The process by donble decomposition is best adapted for foe richer varieties of ore, 
and such as are least contaminated by siliceous or earthy imparities, and is con- 
sequently that which is almost universally employed for smelting foe ores of this 
countiy. 

By foe second method which we will call foe process by affinity , foe ore is fused 
with a mixture of metallic iron, which by combining with foe sulphur liberates foe 
metallie lead. This reaction will be understood by reference to foe following for- 
mula : — ,L 

PbS + Fe-Pb + FeS. 

In practice, however, metallic iron is not always employed for this purpose ; cast- 
iron is also frequently used, and in some instances foe ores of iron and hammer slags 
are substituted, as are also tap-cinder and other secondary products containing a con- 
siderable percentage of this metal. None of these substances are, however, found to 
be so efficacious as metallic iron, since cast-iron requires to be decarbnrised before it 
can readily decompose the sulphide of lead, and the ores of iron require foe intro- 
duction of various fluxes, and the consequent expenditure of an additional amount of 
fuel. In all oases, however, it is judicious to pubject foe ore to a preliminary roasting, 
in order to eliminate a portion of foe sulphnr, and thereby reduce the expenditure of 
iron, as well as to agglutinate the ore and render it better adapted for its subsequent 
treatment in foe blast furnace. 

We will not attempt to describe foe different forms given to roasting fkrnaces em- 
ployed for foe ores treated by this process, bnt would remark that they frequently 
resemble the kilns used for foe preparation of lime, whilst in some instances foe ores 
are roasted in heaps interstratified with wood or other fuel. 

The method of treating ore by affinity is particularly adapted to those varieties that 
contain a considerable amount of silica, since such minerals, if treated by double de- 
composition, would, by foe formation of oxide of lead, give rise to silicates, from 
which it would be exceedingly difficult to extract the metaL 

English process. Treatment by double decomposition. — Galena, if placed in a 
close vessel which protects it from foe action of the air, and exposed to a gra- 
dually increasing temperature, becomes fused without foe elimination of any lead 
taking place, but ultimately a portion of the sulphur is driven of£ and a snbsulphide 
is formed, which at a very elevated temperature is volatilised without change. 

If, however, foe vessel be uncovered, and foe air allowed to act on its contents, 
oxygen combines with the sulphur, sulphurous acid is evolved, and foe desulphnration 
of foe mineral is slowly effected. 

, When galena is spread on the hearth of a reverberatory farnace, and is so placed 
as to present foe largest possible amount of surfhee to oxidising influences, it will be 
fonud.foat foe sur&oe slowly becomes covered with a yellowish-white crust of sulphate 
of lead. The oxygen of foe air, by combining with tiuT two elementary bodies' of 
whiph -galena is composed, will evidently produce this effect This is not, however, 
foe only chemical change which takes place in the eh&rge under these circumstances ; 
oxide of lead is produced at the same time as foe sulphate, or rather foe formation of 
foe oxide is prior to that of the sulphate. 

In foot, during the first stage of foe operation of roasting, sulphurous acid fy 
evolved, foe sulphur quits foe lead, and a portion of that metal remains in a free 
state. This becomes oxidised by the air passing through foe fornaoe, and subse- 
quently a part of it combines with sulphuric acid, formed by foe oxidation of sulpha- 



LEAD. 818 

MU add. and sulphate of lead is the resalt. In this way, after the expiration ef a 
certain period, both oxide and sulphate of lead are present in the farnaee. 

Daring the early period of the roasting, when the temperature of the ftumaee is not 
very elevated, the proportion of sulphate is larger than that of the oxide formed, bat 
in proportion as the heat of the apparatus increases, the production of oxide becomes 
more considerable, whilst that o^the sulphate diminishes. 

The sulphate and oxide thus formed fb-act in their turn on the ondecompoeed 
galena, whilst a poQion of the latter, by combining with the sulphide of lead, gives 
rise to the formation of oxysulphide. 9 

This last compound has no action on galena, except to dissolve it in certain pro- 
portions, bat is readily decomposed by the aid of carbonaceous matter. 

.It is therefore evident that the addition of carbon, at this stage of the operation, 
will have the effect of reducing the oxide and oxysulphide of lead. 

£very protoss then that has for its object the reduction of lead ores by double 
decomposition, comprises two principal operations. 1st. The reduction of galena, by 
the aid of heat and atmospheric air, to a mixture of sulphide, oxide, and sulphate, 
which mutually decompose each other, with the elimination of metallic lead. 2nd. 
The reduction of the oxysulphide by the addition of carbonaceous matter. 

The revtiberatory fuJkUce . — The reverberatory furnace employed for the 
treatment of galena is composed, like all other fornaces of this description, of three 
distinct parts, the fire-place, the hearth, and the chimney. 

The hearth has to a certain extent the form of a funnel, of which the lowest point 
is on the front Bide of the furnace immediately below the middle door. The molten 
metal descending from every side along the inclined bottom or sole, is collected in 
this receptacle, and is ultimately run off by means of a proper tap-hole. This tap- 
hole is, during the operation, closed by a pellet of clay. 

The inclination of the hearth is more rapid in the vicinity of the fire-bridge than 
towards the chimney, in order that the liquid metal may not be too long exposed to 
the oxidising and volatilising influences of a current of strongly-heated air. 

The dimensions given to these furnaces, as well as the weight of foe charge 
operated on at one time, vary considerably in different localities, but in foe north of 
England the following measurements are usually employed The fire-grate is 6 ft. 
9 in. x 1 ft 10 in., and the thickness of the fire-bridge 1 ft 6 in.; foe length of foe 
sole is 9 ft, and its average width 7 ft. The depth of the tap is about 2 ft 6 in. below 
the top of the inclined sole. The height of foe roof at foe fire-end may be 1 ft. 4 in., 
and at foe other extremity 1 1 inches. 

The introduction of the charge is in some cases effected by foe doors of foe furnace, 
whilst in other instances a hopper, placed over the centre of the arch, is made use of. 

On the two sides of tho furnace are placed three doors about 11 in. x 9 in., 
which are distinguished as 1, 2 and 3, counting from the fire-bridge end. The force 
doors on the one side are known os the front-doors, whilst those on foe other side are 
called the back-doors. Immediately beneath foe door on the front side of foe furnace 
is situated the iron pan into which the molten lead is tapped off. 

The bottom of this arrangement is in'inost cases composed of fire-bricks, covered 
by a layer ofvitrificd slags, of greater or less thickness. In order to form this bottom, 
the slag^are introduced into the furnace, foe doors closed, and foe damper raised. 
An elevated temperature is thus quickly obtained, and as soon as foe scoria have 
become sufficiently fused, they are, by means of rakes and paddles, made to assume 
foe required form. ITie. charge employed, as before stated, varies in almost every 
establishment. In foe North, however, smaller charges are used than most other 
localities. At Newcastle, and in the neighbourhood, foe charge varies from 12 to 14 
ewt. ; in Wales, and near Bristol, 21 cwt. charges are treated ; whilst in Cornwall, 
charges of 30 cwt are not unfrequently worked. The time required for smelting a 
charge varies with its weight and the nature of foe ores, from 6 to 24 hoars. 

In some cases the ore is introduced raw into foe ftumaee, whilst in others it under- 
goes a preliminary roasting previous to its introduction. Rich ores are generally 
smelted without being first calcined, but the poorer varieties, and particularly those 
which contain large quantities of iron pyrites, are, in most instances, suttfected to 
routing in a separate ftirnace. 

In order to understand fnore dearly foe operation of smdting in furnaces of this 
description, we will suppose that a charge has just been tapped offi and that, after 
thoroughly clearing foe hearth, a fresh charge of raw ores has been introduced. Da- 
ring foe first part of foe operation of roasting, which usually occupies about two 
hours, foe doors are taken off to admit free access of air, and also for the purpose of 
cooling foe ftirnace, which has been strongly heated at the close of the preceding 
operation. No fuel is at this period charged upon foe grate, since foe heat of foe 
furnace is of itself sufficient to effect foe elimination of foe first portions of sulphur* 
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The ore is csrefally stirred, for the purpose of constantly presenting a fresh surface 
to oxidising influences, and when white fames are no longer observed to puss off in 
large quantities, a little cool may be thrown on the grate, and the temperature gradu- 
f ally derated until the charge becomes slightly clammy and adheres to the rake. 

When the roasting is considered as being sufficiently advanced, the smelter turns his 
L attention to the state of the fire, taking care to remote the clinkers and get the grate 
into proper condition for the reception of afresh supply of fuel. The farnace doors 
are now dosed, and a strong heat is kept up for about a quarter of an hour, when the 
smelter examines th# condition of his cnam by removing one of the doors. If the 
operation is progressing satisfactorily, and the lead flowing freely and passing without 
obstruction into the tap, the firing is continued a little longer ; but when the ores 
have been found to have taken fire, or are lying unevenly on the bottom of the far- 
nace, the position of the oharge is changed by the use of an iron paddle. During 
this operation the furnace becomes partially cooled, and the reduction temperature 
thus obtained is frequently found to produce decompositions, which facilitate the re- 
duction of the charge. In the case qf extremely refractory ores this alternate heating 
and cooling of the farnace is sometimes almost indispensable, whilst, in other in- 
stances, their being once or twice raked over is all the manipulation that is required. 

We will suppose that Your hours have now elapsed since'the charging 1 *of the far- 
nace, and that the charge has ran down the inclined sole towards the tap. The 
smelter now examines the condition of the scoria and adds a couple of shovelfuls of 
lime and three or fonr shovelfuls of small coals, the amount and relative proportions 
of these being regulated in accordance with the aspect of the slags. The charge is 
now, by means of proper tools, again raised to the breast of the furnace, and the firing 
continued until the charge has ran down into the tap hole. The foreman now takes 
his rake and feels if any lumps remain in an nnfused condition, and if he finds all to 
be in a fluid state he calls his assistant from the other side, and by the addition of a 
small quantity of lime and fine coal, makes the slag assume a pasty or rather doughy 
consistency. By the aid of his puddle he now pushes this compound np to the oppo- 
site side of the furnace, where it is drawn by an assistant through the buck door into 
a trough containing water. Whilst the assistant is doing this the foreman is busily 
engaged in tapping off the metal into the iron pan in front of the farnace, from which, 
when sufficiently cooled, it is laded out into suitable moulds. 

The total duration of the operation may be abont six hours. 

To build a farnace of the above description, 5000 common bricks, 2000 fire bricks, 
and 2} tons of fire-clay are required. In addition to this must be reckoned the iron- 
work, the expense of which will be much influenced by the nature of the armatures 
employed and the locality in which the farnace is constructed. 

The amount of fael employed for the treatment of a ton of lead ore varies not only 
in relation to the richness of the mineral, but is also mnch influenced by the nature of 
the associated matrix and the calorific value of the fuel itself. The loss of metal ex- 
perienced during the operation is mainly dependent on the richnesa of the ore treated 
and the skill and attention of the foreman. 

In the North abont 12 cwt. of coal are consumed in the elaboration of one ton of 
ore, and the loss of metal on 60 per cent ore may be estimated at about 12 per cent, 
of which abont 6} per cent is subsequently recovered from the slag and fames. At a 
well-conducted smelting works, situated in the west of England, in which the average 
assay of the ores smelted daring the year was 75}, the yield from the smelting fur- 
naces was 68} per cent, and the coal used per ton of ore was 13| cwts. The lead 
recovered from the slag and fames amounted to 2} per cent, making the total yield 
of metal 71} per cent, and the loss on the assay produce 4j per cent 

Iu this establishment the men are paid from 7s. Get to 12s. 6 d. per ton of lead, in 
accordance with the nature of the ores operated on. 

In one establishment the process before described is somewhat varied. The charge 
employed is 21 cwt This is ran down and tapped off at the expiration of 6 hours, 
and about 9 pigs of 1} cwt each usually obtained. A second charge of 21 cwt is 
then dropped in, and, as soon as it is roasted, mixed with the slags of the former ope- 
ration. The whole is then ran down in the ordinary way, the slags drawn and the 
lead tapped off in 9 hours. The produce of the second or double charge is from 14 
to 15 mgs. 1 

If the ores are difficult to flow, 16 to 16} hours are required for the two charges. 
A small quantity of black slag from the slag hearth is employed for drying up. 

JFig*. 1079, 1080, 1081, represent the reverberatory fornace at the Marquess of West- 
minster*! lead smelting works, two miles from Holywell. The hearth is hollowed out 
below the middle door of the furnace v it slopes from the back and ends towards tbfc 
basin. The distance from the lowest point of this concavity up to the sill of the door, 
is usually 24 inches, but it is sometimes a little leas, according to the quality of the 
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ores to U smelted. This farnace bai no bole for running off the slag, above the level 
of the tap hole for the lead, like the smelting furnace of Lea, near Matlock. ▲ 
single chimney stalk serves for all the establishment ; and receives all the flues of the 
vanous roasting and reducing farnaces. Fig. 1081 gives an idea of the distribution of 
these flues, a a a, &c. are the fbmaces ; ff, the flues, 18 inches square j these lead 
from each fbrnace to the principal conduit e , which is five fret deep bj 3} wide; d is 
6 fret deep by 3 wide; e is a roflnd chamber Iff fret in diameter g /is a conduit, 7 feet 
high by ff wide ; g another, 6 feet high by 3 wide. The chimney at k has a diameter 
at bottom of 30 fe*, at top of 18 feet, including the .thickness if its sides, fbrming a 
truncated cone 100 feet high ; whose base stands upon a hill a little way from the 
furnaces, and 68 fret above their level. 

<r, figs. 1079, 1080, is the grate ; ff, thefldoor of the fire-place ; c, the fire-bridge ; <4 the 
arched roof; e, the hearth ; fff &c. the working doors ; g g f flues running into one 





conduit, which leads to the subterranean condensing-chamber e, and thence to the 
general chimney ; ff, a hopper-shaped opening in the top of the furnace, for supplying 
it with ores. 

This magnificent structure is not destined solely for the reduction of the ores, but 
also for dissipating all the vapours which might prove noxious to the health of the 
workpeople and to vegetation. 

The ores smelted at Holywell are very refractory galenas, mixed with blende, cala- 
mine, pyrites, carbonate of lime, &c., but without any fiuatc of lime. They serve 
mutually as fluxes to one another. The coal is of inferior quality. The sole of each 
furnace is formed of slags obtained in the smelting, and they are all of one kind. In 
constructing it, 7 or 8 tons of these slags are first thrown upon the brick area of the 
hearth; are made to melt by a brisk fire, and in their stiffening state, as they cool, 
they permit the bottom to be sloped and hollowed into the desired shape. Four 
workmen, two at each side of the furnace, perform this task. 

The ordinary charge of ore for one smelting operation is 80 cwt, and it is intro- 
duced through the hopper. An assistant placed at the back doors spreads it equally 
over the whole hearth with a rake ; ( the furnace being meanwhile heated only with 
the declining fire of a preceding operation. No regular fire is made during the first 
two hours, but a gentle heat merely is kept up by throwing one or two shovelfixls of 
small coal upon the grate from time to time. All the doors are dosed, and the re- 
gister-plate of the chimney lowered. 

The outer basin in front of the fornace is at this time filled with the lead derived 
firom a former process, the metal being covered with slags. A rectangular slit above 
the tap hole is left open, and remains so during the whole time of the operation, unless 
the lead should rise in the interior basin above the level of that orifice; in which case 
a little mound must be raised before it 

• The two doors in front farthest from the fire being soon opened, the head-smelter 
throws in through them, upon the sole of the farnace, the slags swimming upon die 
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bath of lead, tod a little while afterwarda he opens the tap-hole, and rant off the me- 
tallic lead reduced from these dags. At the tame time his assistant tarns orer the ore 
with his paddle, through the back doors. These being again dosed, while the above 
two front doors are open, die smelter throws a shovelful of small ooal or coke cinder 
upon die lead bath, and works the whole together, turning over the ore with the paddle 
or iron oar. About three aoarters of an hour after die commencement of the opera- 
tion, he throws back upon the sole of the hearth the fresh dags which then float upon 
the bath of the outer basin, and which are mixed with coaly matter. He next turns 
over these slags, as tfell as the ore with the paddle, and shuts all the doors. At this 
time the smelter lades off the lead into the pig-moulds. 

The assistant now turns over the ore once more through the back doom. A little 
more than an hour after the operation began, a quantity of lead proceeding from the 
slag last remelted, is run off by the tap; being usually in such quandty as to fill one 
half of the outer basin. Both the workmen then turn over the ore withdhe paddles, 
at die several doors of the fornace. its interior is at this time of a dull red heat; the 
roasting being carried on rather by the combustion of the sulphurous ingredients, than 

S r the action of the small quantity of coal in the grate. The smelter, after shutting 
e front doors, with the exception of that next the fire-bridge, lifts off the fresh slags 
lying upon the surfhce oi the outside bath, drains them, anu throws tkex^ back into 
the furnace. 

An hour and a half after the commencement, the lead begins to oose out in small 
quantities from the ore ; but little should be suffered to flow before two hours have 
expired. About this time the two workmen open all the doors, and torn over the ore, 
each at his own side of the furnace. An hour and three quarters after the beginning, 
there are few vaponra in the furnace, its temperature being very moderate. No more 
lead is then seen to flow upon the sloping hearth. A little coal being thrown into the 
grate to raise the heat slightly, the workmen turn over the ore, and then dose all the 
doors. " i 

At the end of two honrs, the first fire or roasting being completed, and the doors 
shut, the register is to be lifted a little, and coal thrown npon the grate to give the 
second fire, which lasts dnring 25 minutes. When the doors are now opened, the inside 
of the furnace is of a vivid red colour, and the lead flows down from every side towards 
the inner basin. The smelter with his rake or paddle pushes the slags upon thatbasin 
back towards the upper part of the sole, and his assistant spreads them uniformly over 
the surface through the back doors. The smelter next throws in by his middle door, a 
few shovelfuls of quicklime upon the lead bath. The assistant meanwhile for a quarter 
of an hour works the ore and the slags together through the three back doors, and 
then spreads them out, while the smelter pushes the slags from the surface of the inner 
basin back to the upper part of the sole. The doors being now left open for a little, 
while the interior remains in repose, the metallic lead, which had been pnshed back with 
the slags, flows down into the basin. This occasional cooling of the furnace is thought 
to be necessary for the better separation of the products, especially of the slags from 
the lead bath. 

In a short time the workmen resume their rakes, and turn over the slags along with 
the ore. Three hours after the commencement, a little more ftxel is pat mto the grate, 
merely to keep np a moderate heat of the furnace during the paddling. After three 
hoars and ten minutes, the grate being charged with fuel for the third fire, the register 
is completely opened, the doors are all shut, and the furnace is left in this state for 
three quarters of an hour. In nearly four hours from the commencement, all the 
doors being opened, the assistant levels the surfaces with his rake, in order to favour 
the descent of any drops of lead ; and then spreads the slags, which are pushed back 
towards him by the smelter. The latter now throws in a fresh quantity of lime, with 
the view not merely of covering the lead bath and preventing its oxidation, but of 
rendering the slags less fluid. 

Ten minutes after the third fire is completed, the smelter puts a new charge of ftiel 
on the grate, and dints the doors of the ftirnace to give it the fourth fire. In four hours 
and forty minutes from the commencement, this fire being finished, the doors are 
opened, the smelter pierces the tap-hole to discharge the lead into the outer basin, and 
throws some quicklime upon the slags in the inner basin. He then pushes the slags 
thus dried up towards the upper part of the hearth, and his Assistant rakes them out by 
the back doors. 

The whole operation of* smelting shift takes about four hours and a halt or at moat 
five hours, in which four periods may be distinguished. 

I. The first fire for routing the ores requires very moderate firing, and lasts two 
hours. 

2. The second fire, or smelting, requires a higher heat, with ahut doors ; at the end 
the slags are dried np with lime, had the ftirnace is also allowed to oool a little. 
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8,4. The last two periods, or the third and fourth firee* are likewise two smeltings or 
foundings, end differ front the first only in requiring a higher temperature. The heat 
is greatest in the last The form and dimensions of the furnace are calculated to ca use 
a uniform distribution of heat over the whole surface of the hearth. Sometimes 
billets of green wood are plunged into the metallic lead of the outer basin, causing an 
ebullition which favours the sepfration ofothe slags, and consequently the production 
of a purer lead i hut no more metallic metal is obtained. 

Ten cwts. of coalite consumed at Holywell in smelting one ton 9f the lead -ore tchlick 
or sludge ; but at Grassington, near Sldpton in Yorkshire, with a similar frirnace worked 
with a slower heat, the operation takinu from seven hours to seven hours and a half, 
instead of five, only 74 cwt. of coal are consumed. But here the ores are less refractory, 
have the benefit of fiuor spar as 
a flux, and are more exhausted 
of their metal, %etng smelted upon 
a less sloping hearth. 

The ore-dearth . — This furnace, 
called by the French fourneau 
dcosMiu, is gum 22 to 24 inches 
in height and 1 foot by 1} in 
area inside; but its horizontal 
section, always rectangular, va- 
ries much in its dimensions at 
different levels, as shown in fig. 

1082. 



Treatment of had ores by the Scotch furnace or ore-hearth, — This furnace is generally 
employed in the counties of Northumberland, Cumberland, and Durham, for the 
smelting of leac^ores, which were formerly carried to diem without any preparation, 
but they are now often exposed to a preliminary calcination. The roasted ore yields 
in the Scotch furnace a more considerable product than the crude ore, because it 
forms in the fhrnace a more porous mass, and at the same time it work* drier , to use 
the founder's expression ; that is, it allows the stream of air impelled by the blast 
to diffuse itself more completely across the matters contained in the furnace. 

In proceeding to smelt by means of an ore-hearth, two workmen are required to he 
in attendance from the beginning to the end of. each smelting shift, the duration of 
which is from 12 to 15 hours. The first step in commencing a smelting shift is to fill 
up the hearth-bottom, and space.below the workstone with peate* placing one already 
kindled before the nossle of the bellows. The powerful blast very soon sets the 
whole in a blaze, and by the addition of small quantities of coal at intervals, a body of 
fire is obtained, filling the hearth. Roasted ore is now put upon the surface of the 
fire, between the forestone and pipestone, which immediately becomes heated red hot 
and reduced ; the lead from it sinking down and collecting in the hearth bottom. 
Other portions of ore of 10 or 12 lbs. each are introduced from time to time, and the 
contents of the hearth are stirred and kept open, being occasionally drawn out and 
examined upon the workstone, until the hearth bottom becomes frill of lead. The 
hearth may now be considered in its regular working state, having a mass of heated 
fhel, mixfid with partly fused and scmi-rcduced ore, called Bronze* floating upon a 
stratum of melted lead. The smelting shift is then regularly proceeded with by the 
two workmen, as follows : — The fire being made up, a stratum of ore is spread upon 
the horizontal surface of the bronze* and the whole suffered to remain exposed to the 
blast for the space of about five minutes. At the end of that time, one man plunges 
a piker into the fluid lead, in the hearth bottom below the bronze* and raises the 
whole up, at different places, so as to loosen and open the bronze, and in doing so, to 
pull a part of it forwards upon the workstone, allowing the recently added ore to sink 
down into the body of the hearth. The poker is now exchanged for a shovel, 
with a head 0 inches square, with which the bronze is examined upon the workstone, 
and any lumps that may have been too much fused, broken to pieces ; those which are 
so far agglutinated by the heat, as to be quite hard, and frirtber known by their bright- 
ness, being picked out, and thrown aside, to be afterwards smelted in the slag hearth. 
They are called M grey slag*" A little slaked lime, in powder, is then spread upon 
the bronze, which has been drawn forward upon the workstone, if it exhibit a pasty 
appearance ; and a portion of coal is added to the hearth, if necessary, which the 
workman knows by experience. In the mean time, his fellow workman, or shoulder 
fellow, clears the opening, through which the blast passes into the hearth, with a 
•hovel, and places a peat immediately above it, which ne holds in its proper situation, 
unftl it is fixed, by the return of all the bronze, from the workstone into the hearth. 
The fire is made up again into the shape before described, a stratum of fresh ora 
spread upon the part, and foe operation of stirring, breaking the lumps upon fos 
Voj. IL * G 
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workstone, and picking oat (he herd stage repeated, after the expiration of a few 
minutes, exactly hi (he same manner. At every stirring a fresh peat is put above 
the noaale of the bellows, which divides the blast, and causes it to be distributed all 
over (he hearth | and as it burns away into light ashes, an opening is left for the 
blast to issue freely into the body of the brouxe. The soft and porous nature of dried 
peat renders it very suitable for this purpose i But, in some instances, where a 
deficiency of peats has oootzrred, blocks of wood of (he same sise have been used 
with little disadvantage. As the smelting proceeds, the redncedoJead, filtering down 
through all parts of the brouie into the hearth bottom, flows through the channel, out 
of which it la laded into a proper mould, and formed into pigs. 

The principal particulars to be attended' to in managing an ore-hearth properly 
during the smelting shift, arc these s First — It is very important to employ a 
proper blast, which should be c&refally regulated, so as to be neither Ado weak, nor 
too powerfaL Too weak a blast would not excite the requisite heat to reduce the ore, 
and one too powerful has the effect, of fusing the contents of the hearth into slags. 
In this particular no certain rules can be given; for the same blast is not suitable 
for every variety of ore. Soft free-grained galena, of great specific gravity, being 
very fosible, ana easilf reduced, requires a moderate bl**t j while <*be h aider and 
lighter varieties, many of which contain more or less iron, and are often found rich 
in silver, require a blast considerably stronger. In all cases, it is roost essential, that 
the blast should be no more than sufficient to reduce the ore, after every other ne- 
oessary precaution is taken in working the hearth. Second. — The blast should be as 
much divided as possible, and made to pass through every part of the brouxe. Third. 
— The hearth should be vigorously stirred, at due intervals, and part of its contents 
exposed upon the workstone ; when the partially fused lumps should be well broken to 
pieces, as well as those which are farther vitrified, so as to form slags, carefully picked 
oat This breaking to pieces, and exposure of \he hottest part of the brouxe upon 
the workstone, has a most beneficial effect in promoting its reduction into lead ; for 
the atmospheric air immediately acts upon it, and, in that heated state, the sulphur 
is readily consumed, or converted into sulphurous acid, leaving the lead in its metallic 
state ; hence it is that the reduced lead always flows most abundantly out of the hearth 
immediately after the return of the brouxe, which has been spread out and exposed to 
the atmosphere. Fourth. — The quantity of lime used should be no more than is just 
necessary to thicken the brouxe sufficiently ; as it does not in the least contribute to 
reduce the ore by any chemical effect : its use is merely to render the brouxe less 
pasty, from the heat being too great, or from the nature of the ore, it has a dis- 
position to become very soft. Fifth. — Coal should he also supplied judiciously ; too 
much unnecessarily increasing the hulk of the brouxe, and causing the hearth to get 
too foil. 

When the ore is of a description to smelt readily, and the hearth is well managed in 
every particular, it works with but a small quantity of brouxe, which .feels dry when 
stirred, and is easily kept open and permeable to the blast. The reduction proceeds 
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it in this state, the stirring of the bronxe and exposure upon the workstone are discon- 
tinued, or practised at longer intervals, the hearth quickly gets too hot, and imme- 
diately begins to agglutinate together; rendering evident the necessity 2 of these 
operations to (he successful management of the process. It is not difficult to under- 
stand why these effects take place, when it is considered, that in smelting by means 
of the ore-hearth, it is the oxygen of the blast and of the atmosphere which principally 
- accomplishes the reduction ; and the point to be chiefly attended to consists in exposing 
the ore to its action* at the proper temperature, and under the most fhvourable cir- 
cumstances. The importance of having the ore free from imparities is also evident ; 
for the stony or earthy matter it contains impedes the smelting process, and in- 
creases (he quantity of slags. A very slight difference of composition of perfectly 
dressed ore may readily be understood to affect its redncibility ; and hence it is, that 
ore from different veins, or the same vein in different strata, as before observed, is 
frequently found to work very differently when smelted singly in the hearth. It 
happens, therefore, that with the best workmen, some varieties of ore require more 
coal and lime, and a greater degree of heat than others \ <and it is for this reason that 
the forestone Is made movable, so as either to answer for ore which works with a 
lane or a small quantity of brouxe • 

It has been stated that the duration of a smelting shift is from IS to 15 hours, at (he 
end of which time, with every precaution, (he hearth is apt to become too hot, and it 
Is necessary to stop for some time, in order that it may cool At mills where the 
~ smelting shift is IS hears, the hearths usually go on Is hoars, and are suspended 6 j 
fonr ana a half or five biogs* of ere (85 to 40 cwt) are smelted during a shift, and the 
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two men who manage the hearth work each four shifts per week ; terminating their 
week's work at 8 o'clock on Wednesday afternoon. They are succeeded hy two other 
workmen, who also work four 18-hour shifts; the last of which they finish at4 o’clock 
on Saturday. In these eight shifts, from 86 to 40 bines of ore are smelted, which, 
when of good quality, produce from 9 to 10 fodders* of lead. At other mills where 
the shift is 14 or 15 hours, the furnace i| kindled at 4 o'clock in the morning, and 
worked until 6 or 7 in the evening each day, six days in the week; during this shift, 

5 or 5} bings of o^ are smelted, and two men at one hearth, iifthe early part of each 
week, work three such shifts, producing about 4 fodders of lead — two other men 
work each 3 shifts in the latter part of the week, making the total quantity smelted 
per week, in one hearth, from 80 to 33*bings. 

Hearth- ends and Smelter ■’a fume. — In the operation of smelting, as already de- 
scribed, it happens that particles of unreduced and semi-reduced ore are continually 
expelled frdb the hearth, partly by the force of the blast, but principally by the 
decrepitation of the ore on the application of heat. This ore is mixed with a portion 
of the fuel and lime made use of in smelting, all of which are deposited upon the top 
of the smelting hearth, and are called hearth-ends. It is customary to remove the 
hearth-ends flgpn time to^ime, and deposit them in a convAient place until the end 
of the yeaif or some shorter period, when they are washed to get rid of the earthy 
matter they may contain, and the metallic portion is roasted at a strong heat, until it 
begins to soften and cohere into lump*, and afterwards smelted in the ore-hearth, 
exactly in the same way as ore undergoing that operation for the first time, as already 
described. 

It is difficult to state what quantity of hearth-ends are produced by the smelting of 
a given quantity of ore, but in one instance the hearth-ends produced in smelting 9751 
bings, on being roasted and reduced in the ore-hearth, yielded of common lead 815 cwt, 
and the grey slags separated in thiaprocess gave, by treatment in the slag-hearth, 47 
cwt of slag leftd ; making the total quantity of lead 362 cwt, which is at the rate of 
3 cwt 2 qrs. 23 lbs. from the smelting of 100 bings of ore. 

Slag hearth. — The various slags obtained from the different operations of lead 
smelting ore divided into two classes. Those which do not contain a sufficient amount 
of metal to pay for further treatment are thrown away as useless, whilst those in which 
the percentage of lead is sufficiently large are treated by the slag-hearth. 

Figs. 1083, 1084 represent a slag-hearth, the foumeau d manche (elbow furnace) of 
the French, and the krvmmofen (crooked furnace) of the Germans ; such as is used 
at Alston Moor, in Cumberland, for the reduction of the lead-slag. It resembles the 
Scotch furnace. The shaft is a parallolopiped, whose base is 26 inches by 24 inches in 
area inside, and whose height is 3 feet ; the sole-plate a, of cast iron, slopes slightly 



down to the basin of reception or the fore-hearth b. Upon both of the long sides of the 
sole-plate there are cast iron beams, called bearers , c c, of great strength, which sup- 
]iort the side walls built of a coarse grained sandstone, as well as the cast iron plate d 
( fore-stone J, which forms the front of the shaft This stands 7 inches off from the sole- 
plate, leaving an empty space between them. The back side is made of cast iron, 
from the sole-plate to the horizontal tuydre in its middle ; but above this point it is 
made of sandstone. The tuydre is from 1} to 2 inches m diameter. In front of the 
fore-hearth 6, a cistern e is placed, through which water continually flows, so that the 
slags which spontaneously overflow the fore-hearth may become inflated and divided, 
whereby the lead disseminated through them may be readily separated by washing. 
The lead itself flows from the fore-hearth 5, through an orifice, into an iron pot/, 
which is kept over a fire. The metal obtained from this slag-hearth is much less 
pure than that extracted diftctly from the ore. 

The whole bottom of the menace is filled to a height of 17 inches, that is, to 
within 2 or 8 inches of the tuyere, with the rubbish of coke reduced to coarse powder 
and beat strongly down. At each smelting shift, this bed must be made anew, and the 
interior of the fhraaoe above the tuyere repaired, with the exception of the front, con- 
sign* of cast iron. In advance of the furnace there is a basin of reception, which is 
also filled with coke rubbish. Farther off is the pit, toll of water, replenished by a colg 

• 1 IbdderaSIcwts. 
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stream, which incessantly runs in through a pipe. The scone, in flowing oat of the 
faraaoe, pass over the coke bed in the basin of reception, and then fell into the water, 
whose coolness makes them fly into small pieces, after which they are easily washed, 
so as to separate dm lead that may be entangled among them. 

These fbmaoes are urged sometimes by fens or by wooden bellows, ,/fy. 1085. Bat at' 

* the smelting works of Lea, 
near Matlock, the blowing- 
machine ccrasists of two casks, 
which move upon horiaontal 
axes. Each or these casks is 
divided into two equal parts 
by a fixed plane that passes 
through its axis, and is filled 
with water to a certain height 
The water of one side commu- 
nicates with that of the other 
by an opening in the lower 
parti of the (xvjftion. Each 
cask possesses a movement of 
oscillation, produced by a rod attached to a crank of a bucket- wheel. At each demi- 
oscillation, one of the compartments, being in communication with the external air, 
is filled; whilst the other, on the contrary, communicates with the nossle, and supplies 
wind to the furnace. 

Instead of being blown by a cold blast, these furnaces are sometimes supplied with 
heated air. When smelting with cold air, it is often found difficult to proportion the 
quantity of slag or other substance operated on, so as to preserve the nose or cone of 
wag which forms at the end of the tuyfcre from gfowing too long, to {he prejudice of 
the operation. When the substance operated on is poor for metal, and very refractory, 
it frequently happens that the smelter is obliged to break the nose, or introduce some 
very fusible substance in order to melt it off. By the introduction of hot air this in- 
convenience is removed, since by increasing or lowering the temperature of the blast, 
tiie nose may be allowed to lengthen or shorten, according as the nature of the slags 
may require. The temperature found to answer beBt is from 250° to 800° Fahr. ; 
since when it is heated to from 500° to 600°, it is found impossible to form a nose of 
sufficient length to convey the blast to the front of the hearth, and therefore the 
back, which » expensive to rebuild, is quickly destroyed. 

The advantage to be derived from the use of the hot blast will be evident, from the 
result of two experiments which were tried some years since. 

Twenty-eight tons of slag smelted with cold blast consumed 392 cubic feet of air 
per minute. 

Labour cost - *--£3 78 

Coke, 7 tons, at 24s. fid - - - - - 8116 

Total £11 49 2 

Thirty-five tons of similar slag smelted with hot blast consumed 300 cuVc feet of 
air per minute. 

Labour cost - - - - - - - £3 78 

Coke, 5 tons, 17 owt, at 24s. 6d - - 7 3 4 

Turf for heating air, 11 loads, Is. 8d - - -0 4-8 4 

Total £11 9 4 

From which it will be seen that, with one-quarter part less air, a quarter part more 
slag was melted per week, and a saving of expense of nearly 10c. effected. 

The loss of lead experienced in smelting by the slag hearth, is, however, very great, 
even under the most favourable circumstances; and it has, consequently, of later years 
been gradually superseded by the Castilian fhrnace, which will be shortly described. 
Many large and well-conducted establishments still however continue to employ the 
riag hearth, and when well constructed and skilfully managed, the loss arising from 
volatilisation may be considerably reduced. 

CaetiUan furnace . — Within the last few yuars a blast fhrnace has been 
introduced into the lead works of this country, which possesses great advantages over 
every other description of apparatus which has been hitherto employed for the 
treatment of lead ores of low produce. This apparatus, although first employed in 
fSpsdn, was invented by an Englishman (Mr. W. Goundry), who was enmloyed in the 
reduction ef rich slags hi the neighbourhood of Carthagena. 

This fhraaoe is circular, usually about 2 feet 4 inches, or 2 fleet 6 inohea In 
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diameter, and is constructed of the best fire-bricks, so moulded as to fit together, and 
allow all the Joints to follow the radii of the eirele described by the brick work. Its 
usual height is 8 foot 6 inches, and the thickness of the masonry invariably 9 inches. 
In this arrangement the breast is formed by a semi-circular plate of cast-iron, 
furnished with a lip for running off the slag, and has a longitudinal slot, in which is 
placed the tapping-hole. * • 

On the top of this cylinder of brickwork a box-shaped covering of masonry is 
supported by a ofit-iron framing, resting on four pillars, andPin this is placed the 
door for feeding the frrnace, and the outlet by which the various products of 
combustion escape to- the flues. The lower part of this hood is fitted closely to the 
body of the fornace, whilst its top is closed by an arch of inch brickwork laid in 
fire-clay. The bottom is composed of a mixture of coke-dust and fire-day, slightly 
moistened, and well beaten to the height of the top of the breast-pan, which stands 
nearly 8 fed above the level of the floor. Above the breast-pan is an arch, so 
turned as to form a sort of niche, 18 inches jp width, and rather more than 2 feet 
in height. 

When the bottom has been solidly beaten, up to the required bright, it is hollowed 
out so as 40 *form an internal cavity, communicating fWlly with foe breast-pan, 
which is filled with foe same material and subsequently hollowed out to a depth 
slightly below foe level of foe internal cavity. The blast is supplied by three water 
tuyeres, 8 inches in diameter at the smaller end, 5} inches at foe huger, and 10 
inches in length. Into these foe nosxles are introduced, by which a current of air is 
supplied by means of a fan or ventilator, making about 800 revolutions per minute. 
The blast may be conveniently conducted to foe nozzles through brick channels formed 
beneath foe floor of foe smelting house. 

The ores treated in this furnace ought never to contain more than 80 per cent of 
metal, and wbgn richer, must be rtjluced to about this tenure by the addition of slogs 
and other fluxes. In charging this apparatus, foe coke and ore are supplied stratum 
super stratum, and care must be taken so to dispose the coke as not to heat too 
violently foe brickwork of foe fornaces. In order to allow foe slags which are pro- 
duced to escape freely into the breast-pan, a brick is left out of the front of foe 
furnace at foe height of foe fore-hearth, which, for the purpose of preventing the 
cooling of foe sconce, is kept covered by a layer of coke-dust or cinders. From foe 
breast-pan foe slags flow constantly off over a spout into cast-iron waggons, where 
they consolidate into masses, having foe form oif truncated pyramids, of which foe 
larger base is about 2 feet square. As soon as a sufficient amount of lead is 
accumulated in foe bottom* of foe furnace, it is let off into a lateral lead-pot, by 
removing foe day-stopper of foe tap-hole situated in the slot of foe breast-pan, and 
after being properly skimmed it is laded into moulds. When in addition to lead the 
ore treated likewise contains a certain portion of copper, this metal will be found in 
foe form of a matt floating on foe sur&ce of foe leaden bath. This, when sufficiently 
solidified, is removed, and after being roasted is operated on fbr foe copper it contains. 

The waggons in which foe liquid slag runs offi are frequently made to traverse 
small railways, by which, when one mass has been removed, its place may readily be 
supplied by an empty waggon. When nearly cold foe casings of foe waggons are 
turned Gre r and foe blocks of slag easily made to drop ont In addition to the facility 
for transport obtained in this way, one of foe great advantages obtained by this 
method of manipulation arises from foe circumstance that should foe fbraaces at any 
time run lead or matt, without its bring detected by foe smelter, foe whole of it will 
be collected at foe bottom of foe block, from which, when cold, it may be readily 
detached. 

In working these furnaces, care must be taken to prevent flame from appearing 
at foe tnnnd-head, since, provided foe slags are sufficiently liquid, foe cooler foe 
apparatus is kept foe less will be foe loss of metal through volatilisation. In addition 
to the greatest attention bring paid to foe working of the furnace, it is necessary, in 
order to obtain foe best results, that all establishments in which this apparatus is 
employed should be provided with long and capacious floes, in which foe condensation 
of foe ftunes takes place, previous to arriving at foe chimney-shaft. These fines 
should be built at least three feet in width, and six fret in height, so as readily to 
admit of being cleaned, and are often made of several- thousand yards in length. The 
value of foe ftunes, so condensed, amounts to many hundreds, and in some in s t a nce s 
thousands per annum. 

In order to be advantageonsly worked in these fornaces, the ores, should be first 
roasted, and subsequently agglomerated into masses, which, after being broken into 
Augments, of about foe size of the fist, and mixed with the various fluxes, are charged 
as before described. 

In an establishment in which foe average assay produce of foe roasted ore fbr lead 
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is 42Jths, the tenaee yield is 3&tfths, and the weight of ooke employed to effect 
the redaction 33 per cent of the roasted ore operated on. The mixture charged into 
the ffarnace, in this instance, is composed of 100 parts of roasted ore. 43 parts of dags 
from a previous operation, 8 parts of scrap iron, and 7 parts of limestone. Each 
furnace works off about seven tons of roasted ore in the coarse of 34 hoars ; the 
weight of slags ran offis aboat double that of the lead* obtained, and the matt removed 
from the soraee of the pan is nearly 0 per cent of the lead produced. The ores 
treated in this establishment consist of galena, much mixed with«ipathose iron, and 
are therefore somewhat refractory. A fhrnace of this kind requires for its construction 
aboat 1000 segmental fire-bricks, and the sfme number of ordinary fire-bricks of 
second quality. 

1086 10S7 
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Fig*. 1086| 1087, 1088, and 1089 represent respectively a vertical section, an elevation, 
a ground plan, and an horisontal section of a Castilian foresee. The section fig. 1089 
is on the line x r 9 flg. 1087. ▲ is the body of the frirnace, b, (he bottom composed of , 
a mixture of coke-dust and fire-clay ; o o o, the tuy&res j D,the rectangular covering of 
masonry inis, cast iron pillars ; r, the breast-pan { o, slot for tapping hole ; b, lip 
of breast-pan; i, feeding door ; x, ine-h^e; p, q, ground line. 

Fig*. 1090, 1091 are the slag-waggons, ▲ being a movable ease without a bottom, 
ands a strong oaqft-iron plate ronning on four wheels. * 

1090 1091 




The dcsnlpharation of the ores to be treated in these ftirnaces may be effected either 
by the aid of an ordinary reverberatory roasting furnace, or in heaps, or properly 
constructed kilns. 

The kilns best adapted for this purpose consist of rectangular chambers, having an 
arched roof; and provided with proper flues for the escape of the evolved gases, as 
well as a wide door for charging and withdrawing the ore to be operated on. 

Each of these chambers is capable of containing from 25 to 80 tons of ore, and 
in order to charge it a layer of feggots and split wood is laid on the floor, and this, 
after having been covered by a layer of ore about two feet in thickness, is ignited, 
care being at the same time taken to close, by means of loose brick-work, the open- 
ing of the door to the same height When this first layer has become sufficiently 
ignited, a fresh stratum of ore, mixed with a little coal or charcoal, is thrown upon it 
and when this layer has in its turn become sufficiently heated, more ore is thrown 
on. In this way more ore is from time to time added, until the kiln has become full, 
when the orifice of the doorway is closed by an iron plate, and the operation proceeds 
regularly and without ftirther trouble until the greater portion has become e li min ated. 

This usually happens at the expiration of about four weeks from the time of first 
ignition, and the brick-work front is then removed, and tjie ores broken out, and after 
being ffiixed with proper fluxes, passed through (he blast fhrnace. 

The proportion of wood necessary for the roasting of a ton of ore by this means 
must necessarily depend on the composition of the minerals operated on ; but with ores 
of the description above-mentioned, and in a neighbourhood where wood is moderately 
cheap, the desulphuration may be effected at a cost of about 5s. per ton. 

Calcining . — The lead obtained by the various processes above described generally 
contains a sufficient amount of silver to render its extraction of much importance ; 
but, in addition to this, it is not unfrequently associated with antimony, tin, copper, and 
various other impurities, which require to be removed before (he separation of (he 
silver can be effected. 

This operation consists in fusing (he hard lead in a reverberatory fhmace of peculiar 
construction, and allowing it to remain, when in a melted state, exposed to toe oxi- 
dising influences of the gases passing through the apparatus. By mis treatment the 
antimony, copper, and other imparities become oxidised, and on rising to the surfkee 
of the metallic bath are skimmed off, and removed with an iron rake. The hearth of 
the foraaee in which this operation is conducted consists of a large cast-iron pan, 
which may be 10 feet in length, 5 feet 6 inches in width, and 10 inches in depth. The 
fire-place, which is 1 foot 8 inches in width, has a length equal to the width of the 
pan, and is separated from it by a fire-bridge 2 feet in width. The height of the arch 
ft (he bridge end is 1 foot 4 inches above the edge of the pan, whilst at the outer 
extremity it is only about 8 inches. 

The lead to be introduced into the pan is first fused in a large iron pot fixed fan 
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brick-work at the aids of the ft mace, and subsequently laded into it through an iron 
gutter adapted ftr that purpose. The length of time Decenary for the purification ol 
hard lead obviously depends on the nature and amount of the impurities which it 
contains; and, consequently, some varieties will be sufficiently improved at the ex- 
piration of twelve hours, whilst in other instances it is necessary to continue the 
tion during three or four weeks. Th$ charge rf hard lead varies from eight to 


When the metal isdhought to be in a fit state for tapping, a smatt portion taken ont 
with a ladle, and poured into a mould used for this purpose is found on cooling to 
assume at foe sunkce a peculiar crystalline appearance, which when once seen is 
readily again recognised. As soon as this appearance presents itself an iron plug is 
withdrawn from foe bottom of the pan, and the lead run off into an iron pan, from 
which it is subsequently laded into moulds. 

The items of cost attending the calcination of one ton of hard Spanish lead in foe 
north of England are about as follows : — 

* i, ^ 

Wages 1 11-2 

Coals, 2*7 cwt - f 0^, 4*7 

Repairs, &c. -------- 0 0-5 


2 4*4 

The construction of a furnace of this description requires 5000 common bricks, 
8,500 fire-bricks, and 2 tons of fire day. 

Fig*, 1092 and 1093 represent an elevation and vertical section of foe calcining 
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furnace. ▲ is the fire-place ; b, ash-pit; o, fire-bridge ; d, cast iron pan ; e, flue ; rr r, 
channels for allowing foe escape of moisture ; a, one of foe working doors : h, spout for 

running off calcined metal. Fig, 1094 re- 
presents the pan removed from foe masonry, 
and shows a groove in foe lip for the intro- 
duction of a sheet -iron dam, tightened with 
moistened bone-ash for keeping in foe fused 
metal. 

In the more modem furnaces of this de- 
scription, the coopers are usually rounded 
to prevent breakage from expansion, whilst 
the tapping, is effected by means of a hole 
through foe bottom near one of foe sides. 
This, when closed, is stopped by means of 
an iron plug kept in its place by a weighted 
lever. 

Concentration of the silver. — This process is founded on the circumstance first 
noticed in the year 1829, by the late H. L. Pattinson of Newcastle-on-Tyne, that 
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when lend containing silver is melted in a suitable vessel, afterwards. slowly allowed 
to cool, and at the same time kept constantly stirred, at a certain temperature near the 
melting point of lead, metallic crystals begin to form. These as rapidly as they am 
produced sink to the bottom, and on being removed am found to contain much less 
silver than the lead originally operated 
on. The still fluid portion, from which # 
the crystals have been removed, wiH 
at the same time he proportionally en- 
riched. 

This operation is conducted in a se- 
ries of 8 or 10 cast iron pots, set in & 
row, with fireplaces beneath. These 
are each ^tpable of containing about 
6 tons of calbined lead ; and on com- 
encing an operation that quantity of 
metal, containing we will suppose 10 os. 
of silver per ton, is introduced into a pot 
(say f, Jig. 1905) about the centre of the 
series. This when melted, is carefolly 
skimmed with a perforated ladle, and 
the fire immediately withdrawn. The 
cooling of the metal ia also frequently 
hastened by throwing water upon its 
surface, and whilst cooling it is kept 
constantly agitated by means of a long 
iron stirrer or slice. Crystals soon 
begin to mal^p their appearance, 1 *and 
these as they accumulate and fall to the 
bottom are removed by means of a 
large perforated ladle, in which they 
are well shaken, and afterwards car- 
ried over to the next pot to the left of 
the workman. This operation goes on 
continually until about 4 tons of crys- 
tals have been taken oat of the pot F, 
and have been placed in pot b, at 
which time the pot F, may contain about 
40 os. of silver to the ton, whilst that 
in e, will only yield 10 os. The rich 
lead in f, is then laded into the next 
pot o, to the right of the workman, and 
the operation repeated in f, on a fresh 
quantity of calcined lead. • 

In this way calcined lead is con- 
stantly introduced, and the resulting 
poor 18hd passes continually to the left 
of the workman, whilst the rich is 
passing towards his right Each pot 
in succession, when filled with lead of 
its proper produce for silver, is in its 
turn crystallised, the poor lead passing 
to the left of the workman, and the 
enriched lead to his right By this 
method of treatment it is evident that 
the crystals obtained from the pots to 
the left of the workman mast gradu- 
ally be deprived of their silver, whilst 
the rich lead passing to his right be- 
comes continually riche* Tim final 
result is, that at one end of the series, 
the poor lead contains very little silver, 
whilst at the other an exceedingly rich 
alloy of lead and silver is obtained. 

The poor lead obtained by this pro- 
fess should never contain more than 
19 dwts. of silver per ton, whilst the rich lead is frequently conc entra ted to 500 oat 
to the ton. This rich lead is subsequently cupelled in the refining fomaee. 
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The ladle employed for the removal of the crystals, when manual labour ia made 
nae at, is about 16 inches in diameter, and 6 inches in depth, bat when cranes are 
need much larger ladles are easily ma n aged. A form of crane has been invented 
which effects considerable economy of labour in this operation. When, during the 
operation of crystallisation, the ladle becomes chilled, it is dipped into a small vessel 
containing lead of a higher temperature thap. that which is being worked, and known 
by the name of a temper-pot The pot containing the rich lead is generally called 
the No. 1 pot i In some establishments, however, the last pot in which the poor lead 
is crystallised obtains this appellation. 

Fig*. 1095 and 1096 represent a plan and elevation of a set of Pattinson’s pots, 
arranged in the most approved way. ▲ is the “market pot,” from which the desil- 
yerised lead is laded out b, c, d, b, ?, o, h, and i, are the working pots, whilst s', o', 
if, nf, y, o\ h\ and x, are their respective fireplaces. The “ temper-pots " aaaa, arc 
employed for heating the ladles when they have become too much red need in tem- 
perature. 

Thejfyt.1097 and 1098, are section^ showing the manner of setting and the arrange- 
ment of the pots and does, a, pot; b, main Sue; c, ash pit 

1097 
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The cost of crystallising one ton of calcined Spanish lead, in the establishment 
quoted when treating of calcination, is as follows : — 


_ a. d 

Wage* 6*4 

Coals, 4 cwts. - 8*4 

Repairs OS-5 


Total 


- 10 4*8 


The erection of nine six-ton pots requires 15,000 common bricks, 10^000 fire-bricks, 
160 feet of queries, 80 fire-clay blocks, and 5 tons of fire-clay. 

In some establishments ten-ton pots are employed, and where cranes are made use 
of they are found to be advantageous. 

Ns/Sway.— The extraction of the silver contained in the rich lead is conducted in a 
cope! forming the bottom of a reverberatory fornace called a refinery. 




LEAD. 


In this operation the litharge produced, instead of being absorbed by the mbstance 
of the eupel, is ran off in a fluid state, by means of a depression called a gate. 

The sise of the fire-place Yaries with tbe other dimensions of the fhraace, but is < 
usually nearly square, and in an apparatus of ordinary sise may be about 2 feet x 3 
feet 6 inches. This is separated from the body of the furnace by a fire-bridge 18 
inches in breadth, to that the flame and Seated air pass directly orer the surface of 
the cupel, and from thence escape by means of two separate apertures into the main 
flues of the establishment The cupel or test consists of an mud iron ring, about 5 
inches in depth, its greatest diameter being 4 fleet, and its lesser nearly 8 feet This 
frame, in order to better support the bottom of the cupel, is provided with cross-bars 
about 4J inches wide, and one half-infih in thickness. In order to make a test, this 
frame is beaten full of finely-powdered bone-ash, slightly moistened with water, con- 
taining a suydl quantity of pearl-ash in solution, which has the property of giving 
consistency tef the cupel when heated. 

The centre of the test, after the ring has been well-filled with this mixture, and 
solidly beaten down, is scooped out with a smalTtrowel, until the sides are left 2 inches 
in thickness at top, and three inches at the bottom, whilst the thickness of the sole 
itself is abqgtal inch. • • 

At the fore part or wide end of the test the thickness of the border is increased to 
six inches, and a hole is then cut through the bottom, which communicates with the 
openings or gates by which the fluid litharge makes its escape. 

The test, when thus prepared, is placed in the refinery furnace, of which it forms 
the bottom, and is wedged to its proper height against an iron ring firmly built into the 
masonry. When this furnace is first lighted, it is necessary to apply the heat very 
gradually, since if the test were too strongly heated before it became perfectly dry, ft 
would be liable to crack. As soon as the test has become thoroughly dry, it is 
heated to incident redness, and is nearly filled with the rich lead to be operated on, 
which has been previously fused in an iron pot at the side of the furnace, and beneath 
which is a small grate where a fire is lighted. 

Tbe melted lead, when first introduced into the farnace, becomes covered with a 
greyish dross, but on farther increasing the heat, the surface of the bath uncovers, 
and ordinary litharge begins to make its appearance. 

The blast is now turned on, and forces the litharge from the hack of the test up to 
the breast, where it passes over the gate, and falls through the aperture between 
the bone-ash and the ring into a small cast-iron pot running on wheels. The air, 
which is supplied by a small ventilator, not only sweep the litharge from the sur- 
face of the lead towards the breast, bat also supplies the oxygen necessary for ita 
formation. 

In proportion as the surface of the lead becomes depressed by its constant oxidation, 
and the continual removal of the resulting litharge, more metal is added from the 
melting pot, so as to raise it to its former level, and in this manner the operation is 
continued until the lead in tbe bottom of the test has become so enriched as to render 
it necessary that it should be tapped. TShe contents of tbe test are now so fhr reduced 
in volume that the whole of the silver contained in the rich lead operated on remains 
in combination with a few hundred weights only of metal, and this is removed by 
carefully drilling a hole In the bone-ash forming the bottom of the test The reason 
for the removal of the rich lead, is to prevent too large an amount of silver from 
being carried off in the litharge, which is found to be the case when lead containing 
a very large amount of that metal is operated on. 

When the rich lead has been thus removed, the tapping hole is again dosed by a 
pellet of bone-ash, and another charge immediately introduced. 

As soon as the whole of the rich lead has been subjected to cnpellation, and has 
become thns further enriched, the argentiferous alloy is itself similarly treated, either 
in a fresh test, or in that employed for the concentration of the rich lead. The 
brightening of pure silver at the moment of the separation of the. last traces of lead, 
indicates the precise period at which the operation should be terminated, and the blast 
is then turned off, and the fire removed from the grate. The silver is now allowed 
to set, and as soon as it has become hardened, the wedges are removed from beneath 
the test, which is placed on the floor of tbe establishment. When cold, the silver 
piste is detached from the test, and any adhering particles of bone- ash removed by 
the aid of a wire brash. • 

A test furnace of ordinary dimensions requires for its construction about 2,000 
common bricks, 2,000 fire-bricks, and 1 J tons of fire-clay. A furnace of ibis kind 
will work off 4 pigs of lead per hour, and consume 4 cwts. of coal per ton of rich 
fiad operated on. 

The cost of working a ton of rich lead in the neighbourhood of Newcastle, eon* 

^ tabling on an average 400 Os. of silver per ton, is as follows : — 
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Refiner's wages 2'1 


Coals, 4 cwt 0 6ft 

Engine wages - I 7*0 

Coals, 5 cwt ....... o* 8*7 

Pearl-ash - - -r- -® -085 

Bone-ash, 17*3 lbs. . - . • . a 10 

Repairs'* - - . . . • • - **0 5*0 

Total 10 10-1 
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Reducing . — The redaction to the metallic state of the litharge from the refineir. 
the pot drom, and the mixed metallic oxides from the calcining furnace, is effected in 
a reverberatory apparatus, somewhat resembling a smelting fornace, except that its , 
dimensions are smaller, and the sole, instead of being lowest immediately below the 
middle door, gradually slopes from the fire-bridge to near the fine, where there is a 
depression in which is inserted a H iron gutter, which constantly remains open, and from 
which the reduced metal flows continuously into an iron pot placed by the side of the 
fhraaoe for its reception, whence it is subsequently laded into iggulds. 

The litharge, or pot dross, is intimately mixed with a quantity of small coal, and is 
charged on that part of the hearth immediately before the fire-bridge. To prevent 
the fused oxide from attacking the bottom of the fornace, and also to provide a sort 
of hollow filter for the liquid metal, the sole is covered by a layer of bituminous coaL 

The heat of the fornace quickly causes the ignition of this stratum, which is rapidly 
reduced to Aft state of a spongy cinder. The reducing gases present in the furnace, 
aided by the coal mixed with the oharge itself, cause the reduction of the oxide, which, 
assuming the metallio form, flows through the Interstices of the cinder, and ultimately 
finding its way into the depression at the extremity of the hearth, flows through the 
iron gutter iq^o the external cast iron pot The surface of^the charge is frequently, 
during the'process of elaboration, turned over with an iron rake, for the doable pur- 
pose of exposing new surfaces to the action of the fornace, and also to allow the 
reduced lead to flow off more readily. 

Fresh quantities of litharge or pot-dross, with small coals, are from time to time 
thrown in, in proportion as that already charged disappears, and at the end of the 
shift, which usually extends over IS hours, the floor of cinder is broken up, aud after 
being mixed with the residual matters in the fornace is withdrawn. A new floor of 
cinders is then introduced, and the operation commenced as before. A furnace of 
this kind, having a sole 8 feet in lqpgth and 7 feet in width, will afford, from litharge, 
about 54 tons hf lead in 94 hours. 

The dross from the calcining pan, when treated in a furnace of this description, 
should be previously reduced to a state of fine division, and intimately mixed up with 
small coal and a soda-ash. In many cases, however, the calcined dross is treated in 
the smelting furnace. The hard lead obtained from this substance is again taken to 
the calcining fornace, for the purpose of being softened. 

The expense of reducing one ton of litharge may be estimated as follows : — 

a. <L 


Wages --------- 2 6*0 

Coals (3 cwts.) - - - - - - -0 5-2 

Repairs -------- 0 1*6 


Total - - - 3 08 

In the establishment from which the foregoing data were obtained, the cost of slack, 
delivered at the works, was only 2s. lid. per ton, which is cheaper than fuel can be 
obtained in the majority of the lead-mills of this country. In North Wales the cost 
of small coal i> generally about 4s., and at Bristol 5s. 6dL per ton. 

1102 
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FSge. 1102 and 1103 repre se nt a vertical section and plan of a reducing fornace* A, 
fire-place j b, ash-pit ; c, fire-bridge ; a, hearth } *, working-door ; f, iron spent for 
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The total cost of elaborating one ton of hard lead, containing 30 oil. of Bilver per 
ton, in a locality in which fhel is obtained at the low price above quoted, is nearly a « 
follows : — 


£ *. d. 

Calcining - - - - - - - 0 2 4'4 

Crystallising - - - - - - - 0 9 6*5 

Refining - - - - - - - -00 9*2 

Reducing— pot dross and litharge - - - 0 1 0*8 

Calcined dross - - - - - - - 0 0 8*0 


Slags 00 6*0 

Bone-ash, &c. - - . - . - - 0 0 7*0 

Transport, &c. - - - - . - - 011*0 

Management, taxes, and interest of plant - - 0 5 10*0 


Total - - - 1 2 3*9 

One hundred tons of hard lead treated gave:— 


inn*. 

Soft lead -------- 94*90 

Black dross 8*72 

Loss 1 *38 


Total - - - 100*00 

On comparing the expense of each operation, as given in the foregoing abstract, 
with the amounts stated as the cost of each separate process, they will be found to 
be widely different ; but it must be remembered that the whole of the substances 
elaborated are far from being subjected to the various treatments described. 

In order therefore to give an idea of the relative proportions which are passed 
through the several departments, I may state that in an establishment in which. the 
ores are treated in the Castilian furnace the following were foe results obtained : — 


One-hundred parts of raw ore yield : — 

Roasted ore- - - - - - -8ft 

Hard lead - 42 

Soft „ •- - - 8ft 

Rich n 9 

Dross and litharge re-treated ..... 18} 


The importance of this branch of our metallurgio industry will he gathered froLi 
foe following tabular statements, chiefly derived from Mr. Hunt’s valuable statis* 
ties:—. 
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Tabu L 

Showing the Quantify of Load Or* raised and s melted, average Metallic Yield of Ore 
per Cent, and Batio qf Lead produced in various Paris qf the United Kingdom 
during Ten Years ending 1857. 



BngUad. 

W&M. 

• Inland. 


UotfMn. 

Total. 

Y— 

Lnd 

On. 

*Lwd. 

Lead 

On. 

In! 

m 

Lnd. 

Lead 

Ora. 

lnd. 

« 

Lnd. 

Load 

OnT 

Lnd. 


ES| 

hu. 

Dhu. 

164H15 

Tom*. 

Tmu. 

Tom*. 

Tmi. 

IWw. 

An. 

An. 

Ah. 

Ttmt, 

1848 - - 

ESS 1 

89,143 

11,139, 

1,913 

1,188 

8,688 

1,421 

1,736 

8,431 

1,665 

1,534 

77,864 

54.au 

1849 - - 

60,184 

41,168 

19,711 

18,389 

3,739 

1,653 

947 

S.»M 

86,831 

era 

1840 - - 

08,465 

44,468 

31,093 

14,876 

3,895 

1,746 

8,117 

8,134 

3,175 

1,318 

93^45 

64.436 

1841 - - 

•SE 

« 

IM]! 

14,813 

8,933 


8,113 

3,140 

3,560 

1,403 

93311 

65,987 

mm - 


18,379 

13,708 

4.493 

8,323 

1^99 

Wl 

3,416 

1.835 

91,197 

64,969 

1853 - - 

3x3 

41.897 

17,131 

13,870 

3,309 

3,453 

3,799 

1*919 

3,400 

1,839 

85,041 

60,967 

1854 - - 


44,086 

18,130 

13,367 

8T1 

3,310 

1,753 


8,800 

2,137 

90,548 

63.979 

1855 - - 


40J44 

18,906 

18,678 

Ural 

IJ783 

1^87 

1,159 

3^73 

3,735 

93,041 

65.533 

1866 - - 


65U468 

19,878 

14,791 

3,484 

1,609 

1,931 

1,417 

8,318 

3,451 

101,997 

78,139 

1867 - - 


48,356 


10,134 



1,891 


8,656 


96,831 

96,366 



448,089 

JE5I 

138,733 


m 

33,699 


|37,30* 

tns 

907,486 

641,101 

ATerago me- 
tiliic yield 
per cent, of 
ore . 

70-8 

781 

m 

694 

091 

70-6 

Ratio of lead 
produced - 

69*9 

317 

3-0 


3-5 

3*1 

100 


Table II. 

Estmgtsd Value of Lead dkd Silver consumed in Great Britain , 1857. 
Lead and silver produced in the United Kingdom ... £1,670,353 
Silver imported, 846,569 oa. - ..... 232,806 


1,903,159 

Lead exported ..... 22,397 tons. 

„ imported ..... 12,768 „ 


Balance of exports .... 9,629 ... 211,838 


Value consumed - £1,691,321 

Tahle III. 


Silver produced from Ores raised in Great Britain during Fo«, * *ars ending 1857. 



*1854. 

1855. 

1856. 

1>57. 

EngAnd .... 

Wales 

Ireland .... 

Scotland .... 
Isle of Man - - ' - 

Oi. 

419,824 

67,051 

18,096 

5,426 

52,262 

Of. 

439,983 

57,521 

7,252 

4,947 

51,597 

Os. 

481,909 

62,357 

3,700 

5,289 

60,362 

Os. 

417,343 

58,097 

3,071 

4^206 

48,016 

Total - 

562,659 

561,300 

613,637 

, 530,733 

Value at 5s. Bd. per ox. - 

£154,730 

154,357 

158,750 

146,501 


Market value of lead produced in the United Kingdom in 1S57 - £1,523,852 

Ditto of silver - 146,501 


1,670,353 

It may be remarked that for 9 the treatment of ores of good produce the reverbera- 
tory furnace and Scotch hearth are to be preferred, but for working minerals of a 
low percentage the blast furnace may generally be substituted with advantage. 
The slag hearth, from the amount of fuel consumed and loss experienced, is a somewhat 
expensive apparatus, and might in many cases be advantageously exchanged for the 
Castilian furnace. 

It is well known that the losses which take place in this branch of metallurgy are, 
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LEAD ORES, ASSAY OF. 

When the operation has been successfolly conducted, (he cooled dag will present a 
smooth concave surface, with a vitreous lustre. When cold the crucible may be 
broken, and the button extracted. To remove from it the particles of adhering slag, 
it is hammered on an anvil, and afterwards rubbed with a hard Inrush. 

Instead of employing carbonate of soda and powdered charcoal, the ore may be 
foaed with 1} times its weight of black flux, and the mixture covered by a thin layer 
of borax. • • . 

Good results are also obtained by mixing together 400 grain^f ore with an equal 
weight of carbonatmof soda and half that quantity of crude tarta^ These ingredients, 
after being well incorporated, are placed in a crucible, and slightly covered by a layer 
of borax. 9 

Each of the foregoing methods yields good results, and affords dags retaining but a 
small proportion of lead. 

Obbs or t«b Second Class. — This class comprehends galena, which is the most 
common and abundant ore of lead, and also comprises sundry metallurgic products, as 
well as the sulphates, phosphates, and arseniates #f lead. 

Galena. — The assay of this ore is variously conducted i but one of the following 
methods is usually employed for commercial purposes. # 

Fusion witjs%n alkaline Jkux. — This operation is conducted in an earthen crucible 
which is to bo kept uncovered until its contents are reduced to a state of perfoct fosion. 

The powdered ore, after being mixed with three times its weight of carbonate of 
soda and 10 per cent, of finely pulverised charcoal, is slowly heated in an ordinary 
assay fornace until the mixture has become perfectly liquid, when the pot ia removed 
from the fire, and, after having been gently tapped, to collect any globules of metal 
held in suspension in the slag, is put aside to cool. When sufficiently cold, the crucible 
is broken, and a button of metallic lead will be found at the bottom : this most be 
cleansed and weighed. 

In place of qprbonate of soda, pArlash may be employed, or the fosion may be 
effected with black flux alone. When the last-named substance is used a somewhat 
longer time is necessary for the complete fusion of the assay. Each 100 parts of 
pure galena will by this method afford from 74 to 76 parts of lead. 

Some of the old aBsayers were in the habit of first driving off the sulphur by roasting, 
and afterwards reducing the resulting oxide with about its own weight of black flux. 

This method, from the great fusibility of the compounds of lead, requirei very 
careful management, and at best the results obtained are unsatisfactory. Pure galena 
by this method can rarely be made to yield more than 70 per cent of lead. 

Fusion with metallic iron . — Mix the ore to be assayed with twice its weight of 
carbonate of soda, and, after having placed it in an earthen crucible, of which it should 
occupy about one half the capacity, insert with their heads downward three or four 
tenpenny nails, and press the mixture firmly around them. On the top place a thin 
layer of borax, which should be again covered with a little common salt. The whole 
is now introduced into the ftimace and gradually heated to redness ; at the expiration 
of ten minutes the temperature is increased to bright redness, when the fluxes will be 
fused and present a perfectly smooth surfifoe. When this has taken place, the pot is 
removed from the fire, and the nails are separately withdrawn by the use of a small 
pair of tongs, care being taken to well cleanse each in the fluid slag until free from 
adhering Rad. When the nails have been thus removed, the pot is gently shaken, to 
collect the metal into one button, and laid aside to cool j after which it may be broken, 
and the button removed. 

Instead of first allowing the slags to cool and then breaking the crucible, the assay 
may, if preferred, after the withdrawal of the naijs, be poured into a mould. 

Assay in an iron pot — Instead of adding metallic iron to the mixture of ore and 
flux, it ia generally better (hat the pot itself should be made of that metal. 

For this purpose, a piece of half-inch plate-iron is turned up in (he form of a cru- 
cible and carefully welded at the edges. The bottom is closed by a thick iron rivet, 
which ia securely welded to the sides, and the whole then finished on a properly 
formed mandril. To moke an assay in a crucible of this kind, it is first heated to 
dull redness, and, when sufficiently bet, the powdered ore, intimately mixed with its 
own weight of carbonate of soda, half its weight of pearlash, and a quarter of its 
weight of crude tartar, Is introduced by means of a copper scoop. On the top of the 
whole is placed a thin layer of borax, whilst the crucible, which, for the ready intro- 
duction of the mixture, has beeif removed from the fire, is at once replaced. The 
heat is now raised to redness, the contents gradually becoming liquid and giving off 
large quantities of gas. At the expiration of from eight to ten minutes the mixture 
wilL.be in a state of complete fusion ; the pot is now partially removed from the fire, 
andftta contents briskly stirred with a small iron rod. Any matter adhering to ita 
aides is also scraped to the bottom of the pot, which after being again placed in a hot 
part of the fornace is heated during three or four minutes to bright redness. 

Vo^II. 3fl 
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The erndblele then seised fev a strong pair of bent tonga, on that part of the edge 
which is opposite the lip, and its contents rapidly poured into a cast iron mould. 
The sides of the pot a re now carefully scraped down with a chisel-edge bar of iron, 
and the adhering particles of metallic lead added to the portion first obtained. When 
sufficiently cooled the contents of the mould are easily removed, and the button of 
lead cleaned and weighed. By this process pure galena yields 84 percent of metallic 
lead, free from anr injurious amount of into, and perfectly ductile and malleable. 

This method or ^staying is that adopted in almost all lead-smelting establishments, 
end has die advantage or affording good remits with all the ores belonging to the 
second class. 

Assay u i the iron disk — In some of the jnining districts of Wales, the assay of 
lead ore is conducted in a manner somewhat different to that just described. Instead 
of fusing the ore in an iron crucible with carbonate of soda, pearlash, tartar and 
borax, the fhsion is effected in a flat iron dish, without the admixture <of any sort of 
flux.- J. A. P. 

• 

Lead Ore , Lead, and Silver produced since 1857. 




Ti 



Lead Ore. 

Lead. 

Silver. 


ton*. 

ton*. 

omen. 

1858 ■ ■ • ■ • 

95,855 

68,303 

569,343 

1859 - » - - • 

91,381 

63,233 

576,027 

1 860 - - - - » 

89,081 

63,525 

549,720 

1861 - - - - - 

90,696 

65,643 

569,530 

1863 - - - - - 

95,311 * 

69,013 

686,123 

1863 • • • - - 

91,283 

68,220 

' 684,004 

1864 ■ • ■ - ■ 

94,483 

67,081 

641,088 

1865 m m m m m 

90,452 


724,856 


The lead ore of 1865 was obtained from mines in the following districts: — 

tons. cwt*. 


Cornwall and Devon - 


8,894 

3 

Somersetshire - 


1,050 

0 

Shropshire - 


3,715 

12 

Tors shire ----- 


7,618 

2 

Cumberland and Westmoreland- 


8,054 

6 

Durham and Northumberland 


21,501 

14 

Derbyshire and Staffordshire - 


6,579 

0 

Wales 


25,008 

18 

Isle of Max - - t - 


8,143 

0 

Irelaxd - 


2,023 

12 

Scotland 

Lead imported in 1863 and 

1864. 

2,363 

17 

c 


■ 


1863. 

1864. i 



Toni. 

Computed 
real value. 

Tom. 

Computed 
real value. 

Lead ore - - 

Pig and sheet iron - 
Lead, red 
p white - 

tail 

I i a 1 

878 

28,604 

31 

81 


3,015 

80,616 

8 

64 

£33,532 

611,273 

167 

1,609 

„ acetate of 

• 

cwta. 

764 

t 

1,200 

cwta. 

1,723 

2,806 

„ litharge - 

. 

tons. 

804 

5,780 

torn. 

509 

9,763 

^ manufactures of, 
merated - 

unenu- 

evts. 

1,149 

8,485 

cwta. 

1,001 

4 , 1^79 


c 
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LEAD-SHOT. (Ftomb da Choate, Fr. ; Sekroi, JPlintanachroi, Germ.) The origin 
of moet of the imperfections in the mannfectnre of lead-shot is the too rapid cooing 
of the spherules by their being dropped too hot into the water, whereby their surfeoes 
form a solid crust, while their interior remains fluid, and in its subsequent concretions, 
shrinks* so as to produce the irregularities of the shot 

The patent shot towers originally constructed in England obviate this evil by ex- 
posing the fused spherules after ^hey passthrough the cullender, to a large body of 
air during their descent into the water tub placed on the ground. The highest erec- 
tion of this kind is probably at Villach in Carinthia, being 840 Vflfena^or 849 English 
feet high. 

The quantity of arsenic added to the Jmass of melted lead varies according to the 
quality of this metal ; the harder and less ductile the lead is, the more arsenic must 
be added. About 3 pounds of either white arsenic or orpiment is enough fbr one 
thousand parts ^pf soft lead, and about 8 for the coarser kinds. The latter are em- 
ployed preferably for shot, as they are cheaper and answer sufficiently well. The 
arsenical alloy is made either by introducing sony of this substance at each melting ; 
or by making a quantity of the compound considerably stronger at once, and adding 
a certain portion of this to each charge of lead. If the parades of the shot appear 
lens-shaped, efts a proof sthat the proportion of arsenic has been too great; but 
if they are flattened upon one side, if they are hollowed in their middle, called 
cupping by the workmen, or drag with a tail behind them, the proportion of arsenic is 
too small. 

The following is the process prescribed by the patentees, Ackerman and Martin. 
Melt a ton of am lead, and sprinkle round its sides in the iron pot about two shovel- 
fhls of wood ashes, taking care to leave the centre clear ; then put into the middle 
about 40 pounds of arsenic to fbrm a rich alloy with the lead. Cover the pot with 
an iron lid, and lute the joints quickly with loam or mortar to confine the arsenical 
vapours, keeping np a moderate fire*to maintain the mixture fluid for three or fear 
hours; after which skim carefully, and ran the alloy into moulds to form ingots or pigs. 
The composition thns made is to be pat in the proportion of one pig or ingot into 1000 
pounds of melted ordinary lead. When the whole is well combined, take a perforated 
skimmer, and let a few drops of it fell from some height into a tub of water. If they 
do not appear globular, some more arsenical alloy must b# added. 

Lead which contains a good deal of pewter or tin must be rejected, because it tends 
to produce elongated drops or tails. 

From two to three tons are usually melted at once in the large establishments. The 
snrfece of the lead gets covered with a crust of oxide of a white spongy nature, some- 
times called cream by the workmen, which is of nse to coat over the bottom of the cul- 
lender, because without such a bed the heavy melted lead would run too rapidly through 
the holes for the granulating process, and would form oblong spheroids. The mount- 
ing of this filter, or lining of the cullender, is reckoned to be a nice operation by the 
workmen, and is regarded usually as a valuable secret 

The cullenders arc hollow hemispheres of sheet iron, about 10 inches in diameter, 
perforated with holes, which should be perfectly round and free from burs. These 
must be of an uniform size in each cullender ; bnt of course a series of different cul- 
lenders with sorted holes for every different size of lead-shot most be prepared. The 
holes have nearly the following diameters for the annexed numbers of shot 


No. 0. 
1 . 


A of an inch. 

A - 



From No. 5. to No. 9. the diameter decreases by regular gradations, the latter being 
only ^ of an inch. 

The operation is always carried on with three cullenders at a time ; which are sup- 
ported upon projecting grates of a kind of ehafing dish made of sheet iron somewhat 
like a triangle. This chafing dish should be placed immediately above the fell; while 
at its bottom there must be a tub half filled with water for receiving the granulated lead. 
The cullenders are not in contact, bnt most be parted by burning charcoal in order to 
keep the lead constantly at the proper temperature, and to prevent its solidifying in the 
filter. The temperature of the lend bath should vary with the sise of the shot; for the 
largest, it should be such that a bit of straw plunged into it will be scarcely browned, 
but for all it should be nioely regulated. The height from which the particles should 
be Jet fell varies likewise with the sise of the shot; as the congelation is the more 
rapid, the smaller they are. With a fell of 33 yards or 100 feet, from No. 4 to Na 9 
may be marie t bnt fbr larger rises, 150 feet of height will be required. 

3a 9 
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Everything being arranged u above described, the workman puts the filter-staff 
into the cullender, pressing it well against the sides. He next poors lead into it with 
an iron ladle, but not in too great quantity at a time, lest it should run through too 
fast The shot thereby formed and fbtmd in the tub are not all equal. 

The eentre of the Callender being less hot affords larger shot than the sides, which 
are constantly surrounded with burning charcoal Occasionally, also, the three cul- 
lenders employed together may have holes of different sixes, in which case the tub 
may contain snot of very various magnitudes. These are separated from each other 
by square sieves ofdiffierent fineness, 10 inches broad and 16 inches lotoft their bottoms 
being of sheet Iron pierced with holes of the same diameters as those or the cullenders. 
These sieves are suspended by means of two bands above boxes for receiving the 
shot ; one sieve being usually set above another in consecutive numbers, for instance, 
1 and S. The shot being put into the upper sieve, No. 0 will remain in it t No. 1 will 
remain in the lower sieve, and No. 2 will, with all the others, pass through it into the 
chest below. It is obvious that by substituting sieves of successive fineness, shot of 
any dimensions may be sorted. ( 

In the preceding process the shot has been sorted to sue ; it must next be sorted to 
form, so as to separate all the spheroids which are not truly round, or are defective in 
any respect For thik purpose a board is made use of ubout 27 indhrs long and 16 
broad, famished partially with upright ledges ; upon this tray a handful or two of the 
shot to be fcorted being hud, it is inclined very slightly, and gently shaken in the hori- 
sontal direction, when the glob jlar particles run down by one edge, into a chest set 
to receive them, while those of irregular forms remain on the sides of (he tray, and 
are reserved to be re-melted. 

After being sorted in this way, the shot requires still to be smoothed and polished 
bright This object is effected by putting it into a small octagonal cask, through a 
door in its side, turning upon a horizontal iron axis, with rests in plummer boxes at its 
ends, and is made to revolve by any mechanical {lower. A certain quantity of plumbago 
or black lead is put in along with the shot 

LEAD, CARBONATE OF. See White Lead. 

LEAD, NITRATE OF (Nitrate de plornb, Fr.; Salpetersaures bleioxyd Germ.), 
is made by saturating somewhat dilute nitric acid with oxide of lead (lithaige), eva- 
porating the neutral solutfbn till a pellicle appears, and then exposing it in a hot 
chamber till it be converted into crystals, which are sometimes transparent, but gene- 
rally opaque white octahedrons. Their spec. grav. is 4'068 ; they hare a cooling, 
sweetish, pungent taste. They dissolve in 7 parts of cold, and in much less boiling 
water ; they fuse at a moderate elevation of temperature, emit oxygen gas, and pass 
into oxide of lead. Their constituents are 67 ‘3 oxide and 327 acid. Nitrate of lead 
is much employed in the chrome yellow style of Cauoo-pbinting ; which see. 

There are three other compounds of nitric acid and lead oxide ; vis. the bi-basic, 
the tri-basic, and the se-basic ; which contain respectively 2, 3, and 6 atoms of base to 
1 of acid. 

LEAD, OXICHLORIDE OF. A white pigment patented by Mr. Hugh Lee Pat- 
tinson of Newcastle, which he prepares by precipitating a solution of chloride of lead 
in hot water with pure lime water, in equal measures ; the mixture being made with 
agitation. As the operation of mixing the lime water, and the solution ofchloride of 
lead, requires' to be performed in an instantaneous manner, the patentee prefers to 
employ for this purpose two tumbling boxes of about 16 foet cubic capacity, which 
are charged with the two liquids, and simultaneously upset into a cistern in which 
oxichloride of lead is instantaneously formed, and from which (he mixture flows into 
other cisterns, where the oxichloride subsides. This white pigment consists of one 
atom of chloride of lead and one atom oxide of lead, with or without an atom of water. 

LEAD, SALTS OF. The salts of lead, beyond those already named, which enter 
Into any of our manufactures, are few and unimportant Urfe Dictionary of Che- 
misty should be consulted for them. 

LEATHER. (Cuir, Fr.; Leder , Germ.; Leer, Dutch} Lader, Danish; L&der, 
Swedish | Cttqjo, Italian j Cuero, Spanish ; Kucha, Russian.) This substance con- 
sists of the skins of animals chemically changed by (he process called tanning. 
Throughout the civilised world, and from the most ancient tunes this substance has 
been employed by man for a variety of purposes. Baitarous and savage tribes use 
the skins of beasts as skins; civilised man renders the same substance unalterable by 
the external agents which tend to decompose it iff its natural state, and by a variety 
of peculiar manipulations prepares it for almost innumerable applications. 

Although the preparation of (his valuable substance in a rude manner has been 
known from the most ancient times, it was not until the end of the last, and the be- 
ginning of the preaent century (1800) that it began to be manufactured upon right 
principles, in consequence of the researches of Macbride, Deyeux, 8e gain, and Davy. 
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8kins may be converted into leather either with or without their hairs generally, 
however, the hair is removed. 

The most important and costly kinds are comprised under sole leather and upper 
leather, to which may be added harness leather, belts used in machinery, leather 
hose, &o., but as Aur as the tanner is concerned, these are comprehended almost en- 
tirely in the kinds known as upper leather? 

The active principle by which the skins of animals are prevented from putrefying, 
and at the same time, under some modes of preparation, rendered^ comparatively im- 
pervious to water, is called tannin, or tannic acid, a property found in the bark of the 
various species of Quercus, but especially plentiful in the gall-nut When obtained 
pure, as it may easily be from the gall-nut by chemical means, tannic acid appears as 
a slightly yellowish, almost a colourless mass, readily soluble in waters It precipitates 
- gelatin from Ablution, .forming what has been called tannogelatin. Tannic acid also 
precipitates albumen and starch. There can be little difficulty, after knowing the 
chemical combination just alluded to, in undemanding the peculiar and striking 
change produced on animal substance in the formation of leather. The hide or skin 
consists principally of gelatin, for which the vegetable astringent tannin has an 
affinity, and fho chemical union of these substances in the procees of tanning pro- 
duces the usefol article of which we are treating. 

Before entering upon the various processes by which the changes are effected on 
the animal fibre, it may not be uninteresting to speak of some of the principal as- 
tringents used for the purpose of producing these effects. 

Bark obtained from the oak-tree is the most valuable and the most extensively used 
ingredient in tanning, and for a long time no other substance was used in England 
for the purpose. In consequence of the demand having become very much greater 
than the supply, and the consequent increase in the price of the article, it became 
necessary to investigate its properties, in order, if possible, to furnish the required 
quantity of tanning matter from other sources. Among other substitutes which 
were tried with some success in other countries may be mentioned heath, myrtle 
leaves, mild lavrd leaves, birch-tree bark , and (according to the Penny Cyclopedia) in 
1765 oak sawdust was applied in England, and has since been used in Germany for 
this purpose. 

Investigation proved that the tanning power of oak bark consisted in a peculiar 
astringent property, to which the name of tannin has been given, and this discovery 
suggested that other bodies possessing this property would be suitable substitutes. 

According to Sir H. Davy the following proportions of tannin in the different sub- 
stances mentioned will be founds — 11 8} lbs. of oak bark are equal to 2j lbs. of galls, 
to 3 lbs. of sumach, to 7k lbs. of bark of Leicester willow, to 11 lbs. of the bark of the 
Spanish chestnut, to 18 lbs. of elm bark, and to 21 lbs. of common willow bark." — 
Penny Cyclopedia, 

Oak bark contains more tannin when cut in spring by four and a half times, 
than when cut in winter ; it is also more plentiful in young trees than in old ones. 
About 40,000 tons of oak bark are said to be imported into this country annually, 
from the Netherlands, Germany, and ports in the Mediterranean; The quantity of 
English q§k bark used we have no means of ascertaining. It is prepared for use by 
grinding it to a coarse powder between cast-iron cylinders, and laid into the tanpits 
alternately with the skins to be tanned. Sometimes, however, as will be hereafter 
noticed, an infhsion of the bark in water is employed with better effect 

Mimosa. — The bark and pods of several kinds of Prosopis, the astringent properties 
of which have rendered them valuable in tanning, are known in commerce by this 
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name. The MSmoen jure a division of the leguminous order of plants, which consists 
of a large number of Species, the Acacia being the principal The sensitive plants 
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bokmg to tidsdiviskm. The proposis is found in India and Sooth America i the genu* 
consists both of shrubs and trees. 

Valqmza. — T he oak which produces this acorn is the Quercus JSgUup «, or great 
prickly cupped oak (fig*- 1104, 1105). These are exported from the Mores and Le- 
vant ; the husk contains abundance of tannin. k 

Catechu, or Terra Japonica , is the inspissated extract of the Acacia catechu. At 
the tiranthesap is mpst perfectly formed the bark of the plant is taken off; the tree is 
then frlled, andc the outer part removed ; the heart of the tree, wmch is brown, is cut 
into pieees and boiled in water; when sufficiently boiled it is placed in die sun, and, 
subject to various manipulations, gradually dried. It is out into square pieces, and 
much resembles a mass of earth in appearance ; indeed it was once considered to be 
such, hence the name Terra Japonica. 

We give Sir H. Davyh analysis ; the first numbers represent Bomldjr, the second 
Bengal catechu:— 

Tannin- - «• - - - 109 - - 97 

Extractive - - - - - - 68- -73 

Mucilage < - - - - - -13- - .16 

Impurities - - - - - - ft- - ft 

This astringent is also obtained from the Uncaria Oambir. 

Divinm is a leguminous plant of the genus Catsalpinia, C. coriaria. The legumes 
of this species are extremely astringent, and contain a very large quantity of tannic 

and gallic acid; they grow in a 
very peculiar manner, and become 
curiously curled as they arrive to 
perfection. The plant is a native 
of America, between the tropics. 
Fig. 1106. ’ 

Sumach is a plant belonging to 
the genus Rhus; several of the 
species have astringent properties; 
Rhus cotinus and Rhus coriaria 
are much used in tanning ; the 
bark of the latter is said to be the 
only ingredient used in Turkey 
for the purpose of converting 
gelatin into leather. That used 
in this country is ground to a fine powder, and is extensively applied to the production 
of bright leather, both by tanners and curriers. 

Many other vegetable products have been from time to time proposed, and to some 
extent adopted for the same end, but they need not be enumerated. 

The process first attended to by the tanner is simply to soak the skin or hide in 
water; those from the home market may be said to be washed merely, as they remain 
in water only a few hours; while hides imported from foreign countries, and which 
have been preserved by salting or drying, and especially the latter , require soaking for 
a longer period, in order to render them supple, and beating or rubbing piatenally 
assists in bringing them to the required condition. 

After removing the horns, the softened or recent hides are laid in aheap for a short 
time, after which they are suspended on poles in a close room called a smoke-house, 
heated somewhat above the common temperature by a smouldering fire. In these 
circumstances, a slight putrefaction supervenes, which loosens the epidermis, and 
renders the hair easily detachable. This method for removing the hair is by no means 
general in this country. The plan adopted is to {dace the hides in a large vat or 
nit, containing milk of lime, in which they must be moved frequently, to allow the 
lime to act equally an every part . When the menstruum has taken proper effect, the 
hair is easily removed, and for this purpose the hide is spread out, and a blunt tool 
is worked over the surftce. The hair being removed, the hide is washed in water to 
cleanse it from the lime, which must be most thoroughly effected. 

The heaviest hides are for the most part tanned for sole leather, and as the thinner 
parts are cut off previous to their being prepared for sale, they have received the name of 
huts or hacks t the various processes through which these pass will be first described. 

After removing the hair and wishing; the hides hre pl aced on a convex beam (fig. 
1107), and worked with a concave tool with two handles (fin 1106), in order to remove 
any flesh or flttty matter which may adhere to them ; this being dime they are worked 
on the same beam, on the grain side, to drive out the grease andremove any remaining 
hair. Th oJUsKSnas are pressed into cakes and sold for making glue, as are all such 
portions of the hide or skin as cannot be conveniently worked. The kair is sold to 
plasterers, to be used in their mortar; and the tails, also for the hair, to soft-makers 
and others requiring such materials. 
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Booh hides as are designed for machinery purposes are nest immersed in a pit con- 
taining water impregnated with sulphuric acid, the acid varying from xfo to ^ of the 
mixture. This process is 1 107 

called robing, b eca m e it dis- 
tends the pores, and makes 
the fibres swell, so as to be- 
come more smceptible of the 
action of tanning infusions. 

Forty-eight hoars in general 
suffice for this operation, but 
more time may be safoly taken. 

From the term robing it will 
be condudgd that the aub- 
stance of the Side ii increased, 
and this is the fkct ; but as 
the gelatine ia not increased 
it is said that the shoemaker’s 

hammer wgpdd eondens% the Hug 

leather so much that it would 1 

lose any supposed advantage 
arising oat of this increase in 
thickness. There is. however, 
a method of augmenting the substance of sole leather called pmffing, which, when once 
communicated, appears to exist permanently 1 the process is known to a small extent 
only, and the material is said to he considerably injured by this mode of preparation. 

When the hides are sufficiently raised, they are transferred to a pit supplied with a 
weak infusion of hark ; here they are handled, at first several times a day, that is, they 
are drawn outVf the pits, or moved up and down in the liquor, to prevent the grain 
from being drawn into wrinkles. As the ooze , or tanning infusion, takes effect, they 
are put into pita containing stronger liquors, and after a month or six weeks they are 
placed in a pit, in which they are stratified with oak bark, ground by a proper mill 
into a coarse powder. The pit is then filled with an infusion of bark. In a month 
or five weeks the tanning and extractive matter of the bark will have intimately 
combined with the annual fibre ; the pit, exhausted of its virtue, must be renewed by 
taking out the spent bark and repeating the dose as in the first instance. The hides, 
which were placed at the top of the pit at first, are now put into the bottom, to equa- 
lise the action. In abont three months this also is spent, and the process being 
repeated two or three times more the operation is complete. The hides qre now re- 
moved from the pit, and hang up in a shed. In the progress of drying they are com- 
pressed with a steel tool, and afterwards they are subjected to the action of a brass 
roller. The steel tool is called a pin ; it is of a triangular shape (fig. 1 109), with the sides 
scooped oat (fig. 1110), presenting three blunt edges. The butt is thrown across a pole, 
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7 to 10 inches in diameter; 6 is an open box over the roller, into which weights are 
placed to make the necessary pressure, ten or twelve cwt being frequently need for 
the pnrpoee ; c , «, forms a fulcrum for lifting the roller from the bed to the leather ; 
d is the handle by which the machine is worked. When the compres si on is com- 
pleted, the only thing remaining to be done is properly to dry the leather, and then it 
is fit far the market. • ' 

Some mannfhc tnrers place on the bottom of the tan pit five or six inches of spent 
hark, and two or thatS inches of fresh bark over it, then a hide, and so alternately 
bark and a hide,‘hntil the pit is nearly foil, reserving a small space at the top for a 
thicker layer of hark, over which weighted hoards are laid, to condense the whole 
down into the tanning infusion. * 

The operation of tanning sole leather by the above method occupies a year or more, 
the time depending on the nature and stoutness of the hide. m « 

A perfect leather is recognised by its section, which should have a glistening 
marbled appearance, without any whi£e streak in the middle. 

Crop hides are manufactured very much like butts, that is to say, they are placed 
in milk of lime until the hair is sufficiently loosened, equality of action 1>eing secured 
by occasionally moving them in the menstruum $ they are then cleared of She hair and 
other impurities by the fleshing knife , worked on the convex beam already described, 
they are then freed from lime byfthorough washing. The next process is to plunge 
them into a weak ooie, from which they are transferred to other pits with stronger 
oose ; all the while they are frequently handled, that is, moved up and down in the 
infusion. After a month or six weeks they are subjected to a mixture of ground oak 
bark and stronger oose in other pits, to a scries of which they are progressively sub- 
jected during two or three months. 

The hides are next put into large vats called layers, in which they are smoothly 
stratified, with more bark and a stronger infusion.* After about six weeks they are 
token out of these vats, and subjected to a new charge of this material, and allowed 
to lay some two months ; this process is repeated once or twice more till the hides 
are thoroughly tanned. They are then slowly dried in the shed, and folded for 
market Although in general the stoutest and most compact bides are used as sole 
leather (notwithstanding that they have not been condensed by the tanner, as in the 
case of butts), yet many are appropriated to other purposes by the currier, and the 
lighter cow hides are manufactured for the upper leather of stout shoes, water 
boots, &c. 

The process of tanning skins (as calves, seals, &c.) next claims attention. These 
are placed in the lime pits until the hair can be easily removed, a process which 
requires about ten or twelve days ; this being accomplished, they are next washed in 
water so as completely to remove the lime, as far as washing can secure its removal, 
and then immersed in a lixivium of pigeon's dung, dog's dung, or matters of a like 
nature ; in this state they remain about ten or twelve days, the state of the atmo- 
sphere rendering the process quicker at one time than another ; here also they are 
frequently handled, and worked on both sides* on the convex beam. The working, 
joined to the action of the peculiar lixivium, serves to separate the remaining lime, 
oil, and glutinous matter, and at the same time to render the skin pliant, soft, and 
ready to imbibe the tanning principle. It is important that great attention should be 
paid to the process just described, as too short a period would produce a hard and 
crisp leather, while a few hours more than is necessary makes the article coarse and 
spongy, both of which conditions should be very carefully guarded against. 

The skins are next removed to a pit containing a weak solution of bark, in which 
they undergo nearly the same treatment 04 crop hides , but they are not commonly 
stratified in the layers. About three months is usually occupied in tanning calftkins, 
but of course the stouter the skin the more will be the time required, when dried 
they are disposed of to the currier, who dresses them for the upper leathers of boots, 
shoes, and a variety of other purposes. It is not unusual for the lighter cow hides to 
be treated like calfskins. 

Horse hides are also treated like calftkins ; but as the horse hide, with the exception 
of the part on and near the animal's rump, produces a thin leather, it is usual, before 
subjecting the hide to the action of the bark, to cut out what is called the butt, which 
is tanned separately, and frequently used as an inferior sole leather. It is also to be 
remarked that horse hides and kips (the hides of small foreign cattle) are frequently 
subjected to a process called bate sharing, in which the stout parts are reduced by a 
currier’s knife previous to tanning, the object being to secure the complete infiltration 
of the animal fibre by the tannin in every part of the hide in the same time. 

Sheepskins are usually pressed after the wool is removed, and before the tanninfe 
process is commenced, to get rid of the fatty matter' contained in them, and which 5 
not readily removed by ordinary working. 
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In all the above processes, m the animalfibrea an the surface of the skin absorb 
most readily the tanning principles, and thereby obstruct* in a certain degree, their 
passage into the interior fibres, especially of thick hides, it becomes an object of im- 
portance to contrive' some method of overcoming that obstacle, and promoting the 
penetration of the tan. The first m a n o fac tnrer who appears to have employed effica- 
cious mechanical means of favouring the chemical action was Francis O. Spilsbury, 
who in April, 18S3, obtained a patent for the following operation : — After the hides 
are freed from thp hairs, Ac. in the usual way, they are minutffi|i Inspected as to their 
soundness, and if any holes be found, they are carefolly sewed np,Mo as to be water 
tight Three frames of wood arc provided of equal dimensions, fitted to each other, 
with the edges of the frames held toglther by screw bolts. A skin about to be tanned 
is now laid upon the frame, and stretched over its edges, then the second frame is to 
be placed upon it, so that the edges of the two frames may pinch the skin all round 
and hold it Securely j another such skin is then stretched over the upper surface of the 
second frame, in like manner, and a third frame being set upon this, confines the 
second skin. The three frames are then pinened tightly together by a series of screw 
bolts, passing through ears set round their outer edges, which fix the skin in a proper 
manner ftypbcing operand upon by the tanning liquor. • 

A spaccnas been thus formed between the two skins, into which, when the frames 
are set upright, the infusion is introduced by means of a pipe from the cistern above, 
while the air is permitted to escape by a stopcock below. Tins cock must of course 
be shut whenever the bag is filled, but the one above is left open to maintain a 
communication with the liquor cistern, and to allow the hydrostatic pressure 
to force the liquor through the cutaneous pores by a slow infiltration, and thus 
to bring the tannin into contact with all the fibres indiscriminately. The action 
of this pressure is evinced by a constant perspiration on the outer surfhees of the 
skins. • 

When the tanning is completed, the upper Btopcock is closed, and the under is 
opened to run off the liquor. The frames are now removed, the bolts are unscrewed, 
and the pinched edges of the skins pared off ; after which they are to be dried and 
finished in the usual manner. 

A modification of this ingenious and effectual process was made the subject of a 
patent, by William Drake, of Bedminster, tanner, in October, 1881. The hides, after 
the usual preparatory processes, are immersed in a weak tan liquor, and by frequent 
handling or turning over, receive an incipient tanning before being submitted to the 
infiltration plan. Two hides, as nearly of the same size and shape as possible, are placed 
grain to grain, when their corresponding edges are sewed firmly together all round 
by shoemaker’s waxed thread, so as to form a bag sufficiently tight to hold tan liquor. 
This bag must then be suspended by means of loops sewed to its shonlder end, upon 
pegs, in such a manner that it may hang within a wooden-barred rack, and be confined 
laterally into a book form. About an inch of the bap is left unsewed at the upper end, 
for the purpose of introducing a ftinnel through which the cold tan liqnor is poured 
into the bag till it be foil. After a certain interval, which varies with the quality of 
the hides, the outer surface becomes moist, and drops begin to form at the bottom of 
the bag. These are received in a proper vessel, and when they accumulate sufficiently 
may b* poured back Into the ftinnel ; the bag being thus, as well as by a fresh supply 
from above, kept constantly distended. 

When the hides are observed to feel hard and firm, while every part of them feels 
equally damp, the air of the tanning apartment, having been always well ventilated, is 
now to be heated by proper means to a temperature gradually increasing from 70° 
to 150° of Fahrenheit's scale. This he$t is to be maintained till the hides become 
firmer and harder in all parts. When they begin to assume a black appearance in some 
parts, and when the tan liquor undergoes little diminution, the hides may be considered 
to be tanned, and the bag may be emptied by cutting a few stitches at its bottom. 
The outer edges being pared oil?, the hides are to be finished in the usual way. During 
their suspension within the racks, the bides should be shifted a little sideways, to 
prevent the formation of farrows by the bars, and to facilitate the equable action of 
the liquor. 

By this process the patentee says, that a hide may be tanned as completely in ten 
days as it coaid be in ten months by the usual method. 

Messrs. Knowlys and Duesbnry obtained a patent in August, 1886, for accelerating 
the impregnation of skins with tannin, by suspending them in a close vessel, from whioh 
the air is to be extracted by an air pump, and then the tanning infusion is to be ad- 
mitted. In this way, it is supposed to penetrate the hide so effectually as to tan it 
iftiiforraly in a short time. 

Danish leather is made by tanning lamb and kid skins with willow hark, whence it 
derives an agreeable smell. It is chiefly worked up into gloves. 
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Of the tawing or Arming of Mu for glove*, and white akeep bather. 

The operations of this art axe: l f washing the akina ; t, properly treating them with 
■ime ; 8, taking off the fleeoej 4, treatment in the leather steep. 

▲ died erected upon the side of a stream, with a cistern of water fbr washing the 
duns i wooden hones for cleaning them with the bach of the fleshing knife; pinoers 
flar removing the fibres of damaged wool j a plunger for depressing the duns in the 
pits ; a lime pit; a pdf frith a bag tied to the end of it ; a two-hand|pd fleshing knifo ; 
a rolling pin, fronf 15 to 18 inches long, thickened in the middle. Such are some of the 
utensils of a tawing establishment. Thera must be provided also a table for applying 
the oil to the skins ; a foiling mill, worked by i water- wheel or other power ; a dress- 
ing peg; a press fbr squeeiing out the fluty filth ; a stove ; planks mounted upon legs, 
for stretching the skins, &o. 

Fresh skins must be worked immediately after being washed, and then'dried, other- 
wise they ferment, and contract either ^indelible spots, or get tender in certain points, 
so as to opoi up and tear under the tools. When received in the dry state they should 
be steeped in water fbr two days, and then treated as fresh skins. They are next 
strongly rubbed on the cofavex horse-beam with a round-edged knife, in rotor to make 
them pliant The rough parts are removed by the fleshing knifo. One workman can 
in this way prepare 200 skins in a day. 

The flesh side of each being rubbed with a cold cream of lime, the skins are piled 
together with the woolly side of each pair outermost, and the flesh sides in contact 
They are left in this state for a few days, till it is found that the wool may be easily 
removed by plucking. 

They are next washed in running water, to separate the greater part of the lime, 
stripped of the wool by small spring tweesers, and then fleeced smooth by means of the 
rolling-pin, or sometimes by nibbing with a whetstone. Unless they be fleeced soon 
after the treatment with lime, they do not well admit of this operation subsequently, as 
they are apt to get hard. 

They are now steeped in the milk of lime-pit, in order to swell, soften, and cleanse 
them ; afterwards in a weak pit of old lime-water, from which they are taken out and 
drained. This steeping and draining upon inclined tables, are repeated frequently 
during the space of 3 weeks. Only the skins of young animals, or those of inferior 
value are tawed. Sometimes the wool is left on, as for housings, &c. 

The skins, after having been well softened in the steeps, are rubbed on the outside 
with a whetstone set in a wooden case with two handles, in order to smooths them 
completely by removing any remaining filaments of wool. Lamb skins are rubbed 
with the pin m the direction of their breadth, to give them suppleness ; but sheep skins 
are fulled with water alone. They are now ready fbr the branning , which iB done by 
mixing 40lbs. of bran with 20 gallons of water, and keeping them in this fermentable 
mixture for three weeks — with the addition, if passible, of some old bran water. Here 
they must be frequently turned over, and carefully watched, as it is a delicate operation. 
In the course of two days in summer, and eight in winter, the skins are said to be 
rawed, when they sink in the water. On coming out of the bran, they are ready 
fbr the white stuff ; which is a bath composed of alum and sea-salt Twelve, fourteen, 
and sometimes eighteen pounds of alum for 100 skins, form the basis of the bath ; to 
which two and a half pounds of salt are added in winter, and three in summer. These 
ingredients are introduced into a copper with twelve gallons of water. The salt aids 
in the whitening action. When the solution is about to boil, three gallons of it arc 
passed through the cullender into a basin; in this 26 skins are worked one after 
another, and after draining, they are put together into the bath, and left in it fbr ten 
minutes to imbibe the salts. They are now rdhdy to receive the paste. For 100 skins, 
from 13 to IS pounds of wheat flour Are used, along with the yolks of 50 eggs. After 
having warmed the alum bath through which the skins have been passed, the flour is 
dusted into it, with carefol stirring. The paste is well kneaded by the gradual addition 
of the solution, and passed through the cullender, whereby it becomes as clear as honey. 
To this the yolks being, added, the whole is incorporated with much labour. 

The skins are worked one after another in this paste; and afterwards the whole toge- 
ther are left immersed in it fbr a day. They are now stratqhed and dried upon poles, 
in a proper apartment, during from 8 to 15 days, according to the season. 

The effects of the paste are to whiten the skins, to spften them, and to protect them 
from the hardening, influence of the atmosphere, which would naturally render them 
brittle* . They would not bear working upon the softening iron, but fbr the emulsion 
which has been introduced into their substance. With this view they are dipped in a 
tub of clear water during five or six minutes, and then spread and worked upon the 
board. They ere increased by this means in length, in the proportion of 5 to 3. Ho 
hard points must be left in them. The whiteness is also better brought cut by this 
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operation, which if performed upon the flesh side. The softening tool is an iron plate, 
about one foot broad, rounded over above, mounted upon an upright beam, 30 mohe^ 
high, which is fixed to the end of a strong horiaontal plank, 8} feet long, and 1 broad. 
This plank is heavily loaded, to make it immovable upon the floor. Sometimes the* 
skins are next spread over an undressed clean skin upon the hone, and worked well 
with the two-handled knife, for the pnfpose of removing the fintand second epidermis, 
called thejfear and arriire-jleur by t he French megissiers. Thy are then dried while 
stretched by hooks and strings, when dry they are worked* the stretching-iron, or 
they are occasionally polished with pumice stone. A delicate yellow tint is given by 
a composition made or two parts of whitening and one of ochre, applied in a moistened 
state, and well worked in upon the grain side. After being polished with pnmiee, they 
are smoothed with a hot iron, as the laundresses do linen, whereby they acquire a 
degree ogtystre, and are ready to be delivered to the doner. 

For housing*, the best sheepskins are selected, and such as are covered with the 
longest and most beautiful fleece. They areksteeped in water, in order to he cleaned 
and softened} after which they are thinned insiae by the fleshing knife. They are 
now steeped in an old bran pit for 3 or 4 days, when they are taken out and washed. 
They ar»%ext subjected to the white or alum bath, the wool being careftilly folded 
within ; about 18 pounds of alum being used for 100 skins. The paste is made as for 
the fleeced skins, but it is merely spread upon their flesh side, and left upon them for 
18 hours, so as to stiffen. They are then hung np to dry. They are next moistened 
by sprinkling cold water upon them, folded np, piled in a heap, and covered with 
boards weighted with heavy stones $ in which state they remain for two days. They 
are next opened with a round iron upon the horse, and subjected to the stretching 
iron, being worked broadwise. They are dried with the fleece outermost, in the son 
if possible, and are finished upon the stretcher. 

Calf and Jpmb skins with theiAair and wool are worked nearly in the same manner i 
only the thicker the skin, the stronger the alum bath ought to be. One pound of alum 
and one of ftalt are required for a single calf skin. It is left four days in this bath, after 
which it is worked upon the streteher, then foiled. When half dry, the skins are opened 
upon the horse. In eight days of ordinary weather, they may be completely dressed. 
Lamb skins are sometimes steeped during eight days in a bath prepared with unbolted 
rye flour and cold water, in which they are daily moved about two or three times. 
They are then dried, stretched upon the iron, and switched upon the fleecy side. 

Chamois, or Shamoy leather . — The skins are first washed, limed, fleeced, and branned 
as above described. They are next trfflmccred, that is, deprived of their epidermis by 
a concave knife, blunt in its middle part, upon the convex horse-beam. The cutting 
part serves to remove all excrescences, and to equalise the thickness, while the blunt 
part softens and smooths. The skins of goats, does, and chamois are always treated 
in this way. They arc next subjected to (he fermenting bran steep for one or two days, 
in ordinary weather ; bat in hot weather for a much shorter time, sometimes only 
moving them in the sour bran liqnor for a few minutes. They are lastly wrong at 
the peg, and subjected to the foiling mill. 

When the skins have been sufficiently swelled and suppled by the branning, they may 
receive the first oil as follows : a dozen skins being stretched upon the table, the fingers 
are Sipped in the oil, and shaken over the skins in different places, so as to impart 
enough of it to imbne (he whole surface slightly, by friction with the palms of the 
hands. It is to the ontside or grain that the oil is applied. The skins are folded four 
together, so as to form balls of the size of a hog’s bladder, and thrown into the trough 
of the foUiDg mill, to the number of twelve dozen at once. Here they remain exposed 
to (he beater for two, three, or four hours, according to their nature and (he state of 
(he weather. They are taken out, aired, oiled, and again Allied. The airing and foi- 
ling are repeated several times, with more or less frequent oilings. Any cheap a nim al 
oil is employed. 

After these operations, the skins require to be subjected to a fermenting process, to 
dilate their pores, and to fecilitate their combination with the oiL This is performed 
in a chamber only 6 feet high, and 10 or 18 feet square. Poles are suspended hori- 
aontally a few inches from the ceiling, with hooks fixed in them to which the skins axe 
attached. A somewhat elevated temperature is maintained, and by a stove if need be. 
This operation requires great dull and experience. 

The remainder of (he epidermis is next remov e d by a blunt concave knife and (he 
hone i whereby the surfhee is not cut, but rather forcibly scraped. . s 

The skins are now scoured to carry off the redundant oil i which is effected by a 
potash lye, at 8° Baum6, heated no hotter than the hand can bear. In this (hey taw 
• stirred briskly, steeped for an hour, and lastly wrong at the peg. The soapy liqnor dins 
expelled is need for inferior purposes. The dean duns after being dried are finished 
first on the s tretrhsr*ircm, and then on the horse or stretching frame. 
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Leather of Hungary.— Th\* is manufactured by impregnating strong hides with alnm, 
common salt, and suet ; by a rapid process which is usually completed in the space o£ 
1 two months. The workshop is divided into two parts s 1. A shed on the side of a 
stream, famished with wooden horses, fleshing knives, and other small tools. In ode 
corner is a fernace with a boiler for dissolving the alum, a vat for immersing the hides 
in the solution, and several subsidiary tubs. <8. «A chiftnber, 6 feet high, by 15 fleet 
square, capable of be : ng made very tight, for preserving the heat In one corner is a 
copper boiler, of suffioMEft size to contain 170 pounds of tallow. In the middle of the 
stove is a square stbne slab, upon which an iron grate is placed about a yard square. 
This is covered with charcoal. At each side of the stove are large tables, which occupy 
its whole length, and on which the leather is spread to receive the grease. The upper 
part below the ceiling is filled with poles fbr hanging the leather upon to be heated. 
The door is made to shut perfectly dose. „ « 

The first operations are analogous to those of tanning and tawing \ the skins being 
washed, out in halves, shaved, and stqeped for 84 hours in the river. They are 
then cleaned with 5 or 6 pounds of alum, and 3} pounds of salt, fbr a piece of hide 
which weighs from 70 to 80 pounds. The common salt softens the effect of the alum, 
attracts the moisture of thdnir, and preserves the suppleness of the skin. 'When the 
alum and salt are dissolved, hot water is poured upon the hides placed in a vat, and they 
are trampled upon by a workman walking repeatedly from one end of the vat to the 
other. They are then transferred into a similar vat containing some hot water, and 
similarly trampled upon. They are next steeped for eight days in alum water. The 
same round of operations is repeated a second time. 

The skins are now dried either in the air, or a stove room ; but before being quite 
dry, they are doubled together, well stretched to take out the wrinkles, and piled up. 
When dry, they are again trampled to open the pores as well as to render the skin 
pliant, after which they are whitened by exposure loathe sun. , 

Tallow of inferior quality is employed for greasing the leather. With this view the 
hides are hang upon the poles in the close stove room, then laid upon thfc table, and 
besmeared with the tallow melted till it begins to crackle. This piece is laid on another 
table, is there covered with a second, similarly greased, and so forth. Three pounds 
of flit are commonly employed for one piece of leather. 

When the thirty Btrips, or fifteen hidea passed throngh the grease in one operation 
are completed, two workmen take the first piece in their hands, and stretch it over the 
burning charcoal on the grate fbr a minute, with the flesh side to the fire. The rest 
are passed over the flame in like manner. After flaming, the pieces are successively 
laid on an inclined table exposed to the fire, where they are covered with a cloth. 
They are finally hung npon poles in the air to dry ; and if the weather be warm, they 
are suspended only daring the night, so as to favour the hardening of the grease. 
Instead of the alum hath, M. Curaudau has employed with advantage a steep of dilute 
sulphuric acid. 

ihuria leather. — The Russians have long been poMessed of a method of making a 
peculiar leather, called by them jucten, dyed ltd with the aromatic saunders wood. 
This article hai been much souglii after, ou account of not being subject to mould in 
damp situations, being proof against insects, and even repelling them from the vicinity 
of its odour. The skins are freed from the hair or fleece, by steeping in an ash-ttfe too 
weak to act upon the animal fibres. They are then rinsed, fulled fbr a longer or shorter 
time according to their nature, and fermented in a proper steep, after having been 
washed in hot water. They are taken out at the end of a week, but they may 
be steeped a second time if deemed necessary, to open their pores. They are now 
cleaned by working them at the horse on both the flesh and gram sides. 

A paste is next composed* fbr 800 skins, of 88 poonds-of rye flour, whioh is set to 
ferment with leaven. . This dough is worked up with a sufficient quantity of water to 
form a bath for the skins, in which they are soaked fbr 48 hours ; they are then trans- 
ferred into small tubs, where they remain during fifteen days, after which they are 
washed at the river. Theleoperations serve to prepare the skins for absorbing the 
astringent juices with uniformity. A decoction of willow bark (Saluecinerea md Salix 
caprea ) being made, the skins .are immersed in the boiler whenever the temperature of 
the liquor is sufficiently lowered not to iqjure the animal fibres, and handled and 
pressed fbr half an hour. This manipulation is repeated twice daily during the 
period of a week. The tanning infbsion is then renewed, and applied to the same 
skins for another week l after which, being exposed to the air to dry, they are ready 
fbr being dyed,'whd then curried with the empyreumatie oil of the bark of the birch 
tree. To this substance the Russia leather owes its peculiarities. Many modes have 
been prescribed fbr preparing it s but the following is the one practised m Russia. . 

: The whitish membranous epidermis of the birch, stripped of all woody parts, is in- 
troduced into an iron boiler, which, when stuffed fell, la covered tight with a vaulted 
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iron lid. haring a pipe ruing from its centre. A second boiler into which this pipe 
passes without reaching its bottom, is set over the first, and is luted to it at the edges, 
after the two are bolted together. They are then inverted, so that the npper one eon- 
tains the birch bark. The under half of this apparatus is sunk in the earth, the surface 
of the upper boiler is coated over with a clay lute, then surrounded with a fire of wood, 
and exposed to a red heat, till the distillation be completed. This operation, though 
rude in appearance, and wastqfol of wood, answers its purpose perfectly well The iron 
cylinder apparatus used in Britain tor distilling wood vinegar would, however, be 
much more convenient and productive. When the above bqjflgi are unluted, there is 
found in the up]%r one a very light powder of charcoal, and in the under one, which 
served as a receiver, there u an oily, brown, empyreumatio fluid, of a very strong 
smell, which is mixed with the tar, and w<hich floats over a small quantity of crude 
vinegar. The former matter is the oil employed to impregnate the skins, by working 
it hito the flesh side with the currier’s tools. It is difficult to make this oil penetrate 
with uniffiitnity j and the Russians do not always succeed in this process, for they 
turn out many skins in a spotted state. This oil is at present obtained in France by 
distilling the biroh bark in copper stills, and Condensing the products by means of a 
pipe plunged in cold water. About 60 per cent of the weight of the bark is extracted. 

The sfips imbibe t|ps oil most equally before they ass fully dry. Cun must be 
taken noTto apply too much of it, for fear of its passing through and staining the 
grain side of the leather. Chevrcul has investigated the chemical nature of tibia odo- 
riferous substance, and finding it to be a peculiar compound, has called it betuline. 

In the Franklin Institute for February, 1843, Mr. Gideon Lee has published some 
judicious observations on the process of tanning. He believes that much of the 
original gelatine of the hides is never combined with the tannin, but is wasted; for 
he thinks that 100 lbs. of perfectly dry hide, when cleaned from extraneous matter, 
should, on chemical principles, afford at least 180 lbs. of leather. The usual 
preparation of the hide for tailing he believes to be a wasteful process. In the 
liming and Rating, or the unhairing and the cleansing, the general plan is first to steep 
the hides in milk of lime for one, two, or three weeks, according to the weather and 
texture of the skin, until the hair and epidermis be so loosened as to be readily re- 
moved by rubbing down, by means of a knife, upon a beam or block. Another mode 
is to suspend the hides in a close chamber, heated slightly by a smouldering fire, till 
the epidermis gets loosened by incipient putrefaction. A third process, called sweat- 
ing, used in Germany, consists in laying the hides in a pack or pile, covered with tan, 
to promote fermentative heat, and to loosen the epidermis and hairs. These plans, 
especially the two latter, are apt to injure the quality of the hides. 

The bate consists in steeping the haired hides in a solution of pigeon's dung, con- 
taining, Mr. Lee says, muriate of ammonia, muriate of soda, &c. ; but most probably 
phosphates of ammonia and lime, with urate of ammonia, and very fermentable animal 
matter. The dry hides are often subjected first of all to the operation of the fhlling- 
stocks, which opens the pores, but at the same time prepares them for the action of the 
liming and bate ; as also for the introduction of the tanning matter. When the 
fulling is too violent, the leather is apt to be too limber and thin. Mr. Lee conceives 
that the liming is injurious, by carrying off more or less of the gelatine and albumen 
of the skin. High-limed leather is loose, weighs light, and wears out quickly. The 
subsequent fermentation in the bating aggravates that evil. Another process has 
therefore been adopted in New York, Maine, New Hampshire, and some parts of 
Philadelphia, called, but incorrectly, cool sweating, which consists in suspending the 
hides in a subterranean vault, in a temperature of 50° Fahr., kept perfectly damp, by 
the trickling of cold spring water from points in the roof The hides being first 
soaked, are suspended {n this vault from 6 to 12 days, when the hair is well loosened, 
by the mere softening effect of moisture, without fermentation. — H. M. 

LEATHER, MOROCCO. (Maroquiu, Fr. j Saffian, Germ.) Morocco leather of 
the finer quality is made from goat-skins tanned with sumach ; inferior morocco 
leather (roan) from sheep skins. The goat skins as imported are covered with hair ; 
to remove which they are soaked in water for a certain time, and they are then sub- 
jected to the operation called breaking, which consists in scraping them clean and 
smooth on the flesh side, and they are next steeped in lime pits (milk of lime) for 
several days, during which period they are drawn out, with a hook, from time to time, 
laid on the side of the pit to drain, and replunged alternately, adding occasionally a 
little lime, whereby they are eventually deprived of their hair. When this has be- 
come sufficiently loose, the skins are taken out one by one, laid on oonvex beams, the 
work benches, which stand in an inclined position, resting on a stotfl at their upper 
end, at a height convenient for the workman’s breast, who sorapes off the hair with a 
•concave steel blade or knife, having a handle at each end. When unhaired, the skins 
are once more soaked in milk of lime for a few days, and then scraped on the flesh 
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Mb to vender it retj even. For removing the lime which obstructs their pores® and 
would impede the tanning process, u well ae to open these pores, the akina are leaped 
in n warm semi-putrid alkaline liquor, made with pigeone* and hens' dung diffhaed in 
t water. Probably some very weak acid, such as fermented bran water, would answer 
as wen, and not be so offensive to the workmen. (In Germany the skins are first 
; washed in a barrel by a revolving axle and discs.) They are again scraped, and then 
sewed into hags, the grain outermost, like bladders, leaving a small orifice, into which 
the neck of a fhnnel is inserted, and through which is poured a certain quantity of a 
strong infbsion of the sumach ; and they are now rendered tight round the orifices, 
after being filled art with air, like a blown bladder. ▲ parcel of these inflated skins 
are thrown into a very large tub, containing a weaker infbsion of sumach, where 
they are rolled about in the midst of the liquor, to cause the infiision within to act 
upon their whole surfhce, as well as to expose their outsides uniformly to the tan- 
ning action of the hath. After a while these bladder skins are taken out of the bath, 
and piled over each other upon a wooden rack, whereby they undergo snub pressure 
as to force the enclosed infosion to penetrate through their pores, and to bring the 
tannin of the sumach into intimate confect, and to form a chemical combination with 
the skin fibres. The tanning is completed by a repetition of the process of intro- 
ducing some infusion or decoction into them, blowing them np, and floating them 
with agitation in the bath. In tins way goat skins may be wed tanned in Ine course 
of one day. 

The bags are next undone by removing the sewing, the tanned skins are scraped as 
before on the curriers? bench, and hung jap in the drying loft or sheds they are said 
now to be “ in the crust” They are again moistened and smoothed with a rubbing 
tool before being subjected to the dyeing operations, in which two skins are applied 
fece to face to confine the dye to one of their surfaces only, for the sake of economising 
the dyeing materials, which may be of several different colours. The dyed skins are 
grained by being strongly rubbed with a ball of fox wood, finely grooved on its 
surfhce. ‘ 

Preparatory to being dyed, each skin is sewed together edgewise, with the grain on 
the outside, and it is then mordanted either with a solution or tin, or with alum water. 
The colour is given by cochineal, of which from 10 to IS ounces are required for a doaen 
of skins. The cochineal being boiled in water along with a little tartar or alum for a 
fow minutes, forms a red liquor, which is filtered through a linen doth, and put into 
a clean cask. The skins are immersed in this bath, and agitated in it for about half 
an hoar ; they are taken out and beaten, and then subjected to a second immersion in 
the cochineal bath. After being thna dyed, they are rinsed and tanned with Sicilian 
sumach, at the rate of two pounds for a skin or moderate sise. The process is per- 
formed in a large tab made of white wood, in the liquor of which the skins arc floated 
like so many bladders, and moved about by manual labour during four hours. They 
are then taken out, drained, and again subjected to the tanning liquor ; the whole pro- 
cess requiring a space of twenty-four hours. The skins are now unstitched, rinsed, 
frilled with beetles, drained, rubbed hard with a copper blade, and lastly hung np 
to dry. 

Some manufketurers brighten the colour by applying to the surface of the skins, in 
a damp state, a solution of carmine in ammonia with a sponge j others apply a decoc- 
tion of saffron to enliven the scarlet tint At Paris, the morocco leather is tanq*d by 
agitation irith a decoction of sumach in large casks made to revolve upon a horisontal 
axis, like a barrel churn. White galls are sometimes substituted for sumach ; a pound 
being used for a akin. The skins most he finally cleaned with the utmost care. 

The black dye is given by applying with the brash a solution of red acetate of iron to 
the grain side. Bine is communicated by the common cold indigo vat ; violet with a 
light blue followed by cochineal red | green, by Saxon blue followed by a yellow dye, 
usually made with the chopped roots of the Wherry. This plant serves also for 
yellows. To dye olive, the skins are first passed through a weak solution of green 
vitriol, and then through the decoction of barberry root containing a little Saxon 
blue. Puce colour is communicated by logwood with a little alum i which may be 
modified by the addition of a little Brasil wood; In all then cases, whenever the 
skins are dyed, they should be rinsed, wrung; or rather drained, stretched upon a 
table, then besmeared on the grain ride with a film of linseed oil applied by means of 
a sponge, in order to promote their gl o ssin e ss when enrrifti, and to prevent them 
becoming horny by too rapid drying. 

The last prooem in' preparing morocco leather is the tarrying, which brings out the 
lustre, and restores the original suppleness. This operation is practised in different 
manners, ^^ording to the purpose the skins are to serve. For pocket-books, port- 
folios, and case-making in general, they most be thinned as much as possible upon the^, 
flesh side, moistened slightly, then stretched upon the table, to smooth them i dried 
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join, moistafled, to d lastly passed two or three times through the cylinder prem fa: 
dSDEerent directions, to produce the crossing of the min. The skins Intended for the 
shoemaker! the saddler, the bookbinder, fee., require more pliancy, and most be dif 
fefently carried. After being thinned, they are glased with a polisher while still 
moist, and a grain is formed upon the flesh side with the roughened lead plate 01 
miner of the carriers, called in French pommefle ; they are glased anew to removi 
the roughness produced by tlte pommel, and finally grained on the flesh ride with i 
surface of cork applied under a pommel of white wood. 

Tawnra oar Spins. ( Megieterie , Fr. ; Wefagerberei, Gerflhfo The kid, sheep, anc 
lamb skins, are cleaned as has been already described. In sflme factories the] 
receive the tanning power of the submuriate or alumina (from a solution of alum anc 
common salt) in a large barrel- chunf apparatus, in which they are subjected to violen 
agitation, and thereby take the ahming m the course of a few minutes. In other cases 
mere th^yolka of eggs are added to the above solution, the mixture, with the skins 
is put intcra large tub, and the whole trampled strongly by the naked feet of the 
operator, till the emnlsion of the egg be forced into the pores of the skin. The tawee 
skins, when dry, are “ staked,** that is stretened, scraped, and smoothed by frictioi 
against the blunt edge of a semi-circular knife, fixed to the top of a short beam of wooc 
set uprighfC The workman holding the extremities of th£skin with both hands, pulls 
it in all directions forcibly, but skilmlly, against the smoothing u stake.” 

In an entertuning article on tanning in the 11th voL of the Penny Magazine, at 
page 215, the following description is given of one of the great tawing establiriiments 
of London. 


“ In the production of 1 imitation * kid leather, the skin of lambs is employed ; and 
for this purpose lamb-skins are imported from the shores of the Mediterranean. 
They are imported with the wool yet on them ; and as this wool is valuable, the leather 
manufacturer removes this before the operations on the pelt commence. The wool is 
of a quality that would be greatlpinjured by the contact of lime, and therefore a kind 
of natural fermentation is brought about as a means of loosening the wool flrom the 
pelt” The following is a description of one of the buildings. M On the ground floor, 
a flight of stone steps leads down to a range of subterranean vaults or close rooms, 
into which the lamb-skins are introduced m a wet state, after having been steeped 
in water, * broken ’ on the flesh side, and drained. The temperature of these rooms 
is nearly the same all the year round, a result obtained by having them excluded as 
much as possible from the variations of the external atmosphere ; and the result is, 
that the skins undergo a kind of putrefactive or fermenting process, by which the 
wool becomes loosened from the pelt During this chemical change ammonia is 
evolved in great abundance j the odour is strong and disagreeable ; a lighted candle, 
if introduced, would be instantly extinguished, and injurious effects would be per- 
ceived by a person remaining long in one of the rooms. Each room is about ten 
feet square, and is provided with nails and bars whereon to hang the lamb-skins. 
The doors flrom all the rooms open into one common passage or vault, and are kept 
close, except when the skins are inspected. It is a point of much nicety to determine 
when the fomentation has proceeded tp such an extent as to loosen the wool from the 
pelt ; for if it he allowed to proceed beyond that stage, the pelt itself would become 
inj ured . 

Wfoan the fomentation is completed, generally in abont five days, the skins are re- 
moved to a beam, and there “ slimed,’* that is, scraped on the flesh ride, to remove a 
slimy substance which exndes from the pores- The wool is then taken of£ cleaned, 
and sold to the hatters, for making the bodies of common hats. The stripped pelts 
are steeped in lime-water for about a week, to kill the grease ; and are next “fleshed 
on the beam.” After being placed in a “ drench,” or a solution of sour bran for 
some days to remove the lime and open the pores, the duns are alumed, and sub- 
jected to nearly the same processes as the true kid-skins. These Mediterranean lamb- 
duns do not in general measure more than about 20 inches by 12 ; and each one fur- 
nishes leather for two pain of small gloves. These kinds of l ea th er generally leave 
the leather-dresser in a white state ; but undergo a process of dyeings softening; 
“stroking,” & c., before being cut up into gloves. 

The tanning of one average-sized skin requires about 1} lb#. of good Sicilian 
sumach ; but for leather which is to receive a bright scarlet dye, from one half to 
three quartern of a pound of gall-nuts ore employed in preference. Inferior goat skins 
are tanned with a willow bark* infusion, in pits, in which they are turned repeatedly, 
and hud out to drain, as in tanning sole leather. The finest skins for the brightest 
scarlet are cured with salt, to prevent their receiving damage in the -transport, and 
are dyed before bring tanned. This method is practised in Germany and France. 

• Leather of deer apd sheep-skins is prepared with oil, for the purpose of making 
breeches, foe., and for wash-leather, used in cleaning plate. After they are completely 
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washed, limed, and beamed, as above described, they hare their u grain "-surfeoe re- 
moved, to give them greater softness and pliability. This removal of the grain is 
called “Arising,” and it is done either with the round edge of a blunt knife, or with 
pumioe-stone. After being freed from the lime by steeping in fermented bran-water, 
they are pressed as dry as may be, and are then impregnated with cod-oil, by beating 
with stocks in the trough of a kind of frilling mill Previously to the application or 
the oil, they are usually beat for some time ajrme to open their substance. The oiled 
skins are stretched, hung up fbr some time in the air, then fulled with oil as before — a 
process which is 8 o*0Kimes repeated. The oil is slowly and evenlp poured upon the 
skins in the trough during the action of the beaters. One hundred skins usually take 
up in this way from two to three gallons of oil.* The frilled oil skins are thrown into 
huge tubs, and left for some time to ferment, add thereby to combine more intimately 
with the oil. They are lastly subjected to a weak potash lye bath, to strip them of the 
loosely adhering on. They are then hung up in the air to dry, and dressed for the 
market — H. B1 * 

LEATHER, RUSSIAN, as tanned p t Kazan. The hides to be tanned may be 
either fresh from the animal or dry, no matter which ; they are first laid to soak for 
8 days and nights in a solution of potash, to which some quicklime is added. The 
potash used is made of thd' tree called in Russ dim (the common elm), W% ; ch sort is 
said to be preferable to any other, if not essential ; it is not purified, so that it is of a 
brown colour and of an earthy appearance : about 12 poods of this (the pood is 36 lbs. 
English), and 2 poods of lime, serve for 100 skins. As they have no way of ascer- 
taining the degree of causticity of the alkali but by its effect upon the tongue, when 
they mid it weak they let the skins lie longer in the solution. 

When the skins are taken out of this solution they are carried to the river, and left 
under water for a day and a night 

Next a vedro of dog’s dung is boiled in as much water as is enough to soak 50 skins, 
(the vedro is equal to 2*696 English imperial galfbns) but in the wintpr time, when 
the dung is frozen, twice that quantity is round necessary. The skins are put into this 
solution, not while it is boiling hot, but when at the heat which the hand can bear; in 
this they lie one day and one night 

The skins are then sewed up so as to leave no hole; in short, so as to be water-tight; 
about one third of wliot the skin will contain is then filled up with the leaves and small 
twigs chopped together of the plant called in Russ Tolokuanka ( Arbutus wa-vrsi, 
sometimes called bear berry), which is brought from the environs of Solikamskaga, 
and the skin is then filled up with water. 

The skins thus filled are laid one on the other in a large trough, and heavy stones 
upon them, so as by their weight to press the infusion through the pores of the skin in 
about 4 hours -, yet, as it was said at the same time, that the skins are filled up with 
the same water which had been pressed out 10 times successively, and that the whole 
operation takes but one day and one night, this leaves but 2} hours for each time. 

The skins are then taken to the river and washed, and are ready for the dyeing. 
The whitest skins are laid aside for the red and yellow leather. 

(The operations in dyeing follow, but are here omitted.) 

To soften the skins after dyeing, they are harassed by a knife, the point of which is 
curved upwards. — H. M. 

LEATHER, CURRYING OF. The currier’s shop has no resemblance Ho the 
premises of the tanner, the tools and manipulations being quite different 

Within the last twenty or thirty years, many tanners have added the currying 
business to their establishments, and many curriers have likewise commenced tanning; 
but in each case, an extension of premises is necessary, and the two departments are 
•till separate. The advantage* derivable from this arrangement are two-fold, — first, 
a saving of time is effected, for as the tanned leather is sold by weight, it is required 
to be well dried before being disposed of to the currier, an operation which u not 
needed where the tanner carries on the currying also ; and secondly, by the currier’s 
art, the skins can be reduced to a comparatively uniform thickness previous to their 
being tanned, thus saving time and lark (used for tanning), and insuring a more 
equal distribution of tannin through the substance of the Am In the following 
description, the business of currying will be considered as practised at the present 
time. » 

The carrier's shop or premises, to be convenient, should be spacious. A frequent, 
though not uxdversal method, is to have the ground-floor appropriated to such ope- 
rations as require the use of a large quantity of water. The place or apartment thus 
used, is called the scowrinp-house, and is oommonly famished with a number of vats 
or casks open at one end, m which the leather is placed for the purpose of soaking, 
and undergoing such treatment as will be hereafter described. In this apartment alsfc 
is placed a large* flat, date stone, called a sconring -stone, or, more consistently, the 
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stone on Which the leather ic scoured. This stone, which has its free perfectly flat 
end smooth, and which should measure 8 or 9 feet in length, by 4j broad, forms 
a table, supported generally by masonry, but sometimes by a strong frame of wood, 
so constructed, that the water, which is freely used in scouring, may drain off on 
the opposite side from feat on which the workman is engaged ; an inclination of 
about three or four inches on sfee widtfe of the table, is sufficient for this purpose. 
Another piece of fomiture Tory frequently found in, or oa the same floor with fee 
aoouring-house, is J. block of sandstone, in the form of a paifPfolompedon, between 
9 and 8 feet long, and 9 or 10 inches broad, fee upper free of Vhich is kept as 
near as possible a perfect plane ; this stone is fixed at a convenient height on a 
strong trussel, and is called fee rub-stohs, because here fee workman rubs or sharpens 
his knives and other tools. In some large establishments where fee premises and 
water are heated by steam, the scouring- house will be found wife a service of pipe 
leading to fee various vats, and the boiler, for generating the steam, may be con- 
veniently placed in or near this part of the building. 

The floor above the soouring-house, in fee aifangement here laid down, is what is 
specially designated the shop. The furniture in this department consists of a beam, 
(fig. 1 112) ma which fee {father is shaved. It con- • 

sists of a neavy block of wood, on which the 1119 

workman stands, and into one end of which a stiff 
piece of wood is firmly mortised, at an angle of 
about 85°s this upright (so called) is about a foot 
wide, the height being greater or less, according to 
the height of the workman, each of whom has his 
beam adjusted to meet his convenience. On fee 
front of fee upright, a piece of deal is firmly 
screwed, to which is glued a face orqilate of lignum 
vitce, worked Uf perfect smoothness to agree with 
the edge of the knife used in fee operation of 
shaving. It is of the greatest importance to the 
workman, to keep his skin from injury, that his 
knife and beam should be kept in good order. A 
table or tables, generally of mahogany, large planks 
of which are used for the purpose to avoid joints, may be said to form a necessary 
part of the furniture of tius department These tables are firmly fixed, to resist the 
pressure of fee workman when using various tools ; and as light is of fee greatest 
consequence in the operations performed on them, they are usually placed so as to 
have windows in front of them. A high trussel is frequently used, across which the 
leather is thrown, after undergoing any of the processes, while the currier subjects 
other pieces to fee same operation. 

Another part of fee premises is termed the drying loft. In good buildings fee 
drying loft u surrounded wife weather-boards, constructed to be opened or closed as 
may be required. The use of this part hying the drying of fee leather, fee ceiling is 
furnished wife a number of rails or long pieces of wood, with hooks or nails on 
which to hang the leather for drying; and where steam is used for this purpose, the 
floor is traversed wife pipes for heating fee loft Here also is a table, similar to that 
previously described « it should not be less than 7 or 8 feet long by 4} broad, if 
possible, without joint, and with a smooth face. 

There are other subordinate departments, each furnished wife a table similar to 
those described. 

Of the tools used in currying, fee hnifl stands first in importance (Jig. 1118). 
Here a and d are two handles, a is held in the 1 H 3 

left hand, and forms a powerfol lever when fee 
edge c is applied to the leather. The blade of 
the curriers knife is peculiarly tempered; it is 
composed of a plate of fine steel, strongly 
riveted between two plates of iron. This in- 
strument is taken to fee rub stone, and ground to a perfectly sharp edge by snooessively 
rubbing forward and backward; care being taken to keep fee edge true, that is, 
straight When this has been satisfactorily accomplished, it is still fhrther rubbed on 
a fine Scotch or Welsh stone called a clearing-stone , until fee scratches of fee rub- 
stone disappear. 

In this operation a fine thread or wire forme on the edges, for the knife has two 
edges (ee) which must be carefollygot rid of; after which it is wiped dry, and the 
edges greased with tallow or oil. The workman then takes a strong steel, and placing 
himself on his knees, he fixes the knife with fee straight handle e against any firm 
body- and the cross handle a between his knees ; then bedding the steel in both hands 
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he etrefUhr mbs it .forward and backward the whole length pf the edge. During this 
* operation the knifo ia gradually railed by means of the handle a, until it is nearly per- 
pendicular; by this means the edge is tamed completely over. If foe knifo Is not 
well tempered, foe edge thus obtained will be irregular, or broken; in either of whieh 
eases it is of no use whatever. 

To keep foe instrument j oat described in proper older requires great skill on foe 
part of foe currier. The edge is so delicate and liable to injury that it cannot be used 
. , u more foa^aGffiute or two without losing its keenness. To pestore this a very 
cL carefally prepared small steel is nsed,^r. 1114; the point of the steel is first run 
IT along the grove which is formed by tuning foe edge over, and the steel is 
/ 1 then made to pass outside foe edge C/ip.1210). It is remarkable that a skilfol 
| J§ hand can thus restore the efficiency of the knife, and keep it in work for hours 
UV without going for a new edge to the rub-stone. The other tools .will be de- 
I scribed as their uses ore mentioned. 

I The first thing done by the currier is the soaking of the leather received 
from foe tanner in water; foe skin requires a thorough wetting, but not to 
saturation. In some cases foe thicker parts are partially soaked before the immersion 
of the whole, And when from foe nature of the skin this cannot be doneflorater is ap- 

11 1G 



plied to foe stout parts after foe dipping ; it is requisite that the whole should be an 
near as possible equally wet In some instances the wetted leather is beaten, and 
sometimes a coarse graminp-board (hereafter to be described) is used, to make it more 
supple previous to shaving it The skin is then laid over the beam ( Jig . 1116) and the 
rough fleshy portion is shaved off This operation is generally called skiving. In 
all foe operations at the beam the leather is kept in its place by pressure of foe knees 
or bodv of the workman from behind. In skiving foe right band handle of the knifo 
somewhat precedes foe left, but in shaving , properly so called, the left hand precedes 
the right 1117. In skiving foe knifo Is driven obliquely a few inches at a time, in 
shaving it is driven with great force, not unfrequently from the top to thcl>o ttom of 
foe beam; great skill is requisite in the performance of these operations, to gnide the 
knife and to keep its edge. Hie carpenter’s plane can be most completely regulated 
by foe projection of foe plane iron from the wood, bat the currier*! knifo admits of 
no such arrangement and foe uuskilfol carrier is constantly lisMe to iqjare the 
leather by cutting through it as well as by foiling to produce a regular substance. The 
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kind of akin, tod the nse for which it is designed will regulate the work at the beam. 
In some eases, as in the calf-skin, it is skived and then shaved, or, (as it is ealled) a /bit- 
tenedaX right angles to the skiving — in other kinds, as the cow-hide .prepared for the 
upper leather of heavy shoes, after skiving it is shaved across (u e. nearly at right angles 
to the skiving), uxd flattened by being again shaved in the same direction as the skiv- 
ing. In some manufactories there are pertain kinds of leather which are subjected 
to the operation called by curriers stoning , before flattening: this is done by forcibly 
driving the stock -stone (Jig. 1 1 1 8) over the grain side of the lea*j£ thereby stretching 
it, and rendering me grain smooth. The flattening process is considerably {facilitated 
by this stoning, and ir the skin has been allowed slightly to harden by exposure to 
air, and the edge of the knife is fine, o S it should be, the workman has but to strike 
the flat part of the knife over the leather after the shaving is performed, to produce a 
beautifol fee© to the flesh side of the skin. It will not be difficult to understand that 
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a good hand is easily distinguished from an inferior one in this part of the business. 
With such nicety will a skilful workman set the edge of his knife, that although there 
seems nothing to guide him, he can take shaving after shaving from the hide extending 
from the top to the bottom of the beam, thus rendering the leather extremely even in 
its substance. 

After the process of shaving is completed, the leather is placed in water, where it 
remains until it is convenient to cyr j on the operation next required. It is to be 
observed that in the condition in which leather is shaved, it cannot long be kept 
without becoming heated ; when, however, it is put into water, it is safe from injury, 
and may be kept a very long time, provided the water be occasionally changed 
for a fresh, sweet supply ; stale water is regarded as iqjurious for the skin to 
remain in. 

Scouring is next proceeded with ; tie skin is taken out of the water, and laid on 
the scouring-stone. In respectable manufactories, it is usual first to scour on the flesh j 
this is done by passing a slicker smartly over the flesh side, by which the grain of the 
leather is brought into close contact with the scouring-stone, and, being in a wet 
condition, the air is easily excluded, so that the leather sticks to the stone. A plen- 
tiful supply of water is now applied, and a large brush, with stiff hairs, is rubbed 
over the flesh, or upper side. Portions of the surface, in a pulpy condition, come off 
with the scrubbing, and the skin presents a soft, whitened, pulpy appearance ; the pores 
are rendered capable of containing more moisture, and, altogether, the leather is much 
benefited. The slicker is a plate of iron or steel, or for particular purposes, of brass 
or copper ; it is about five inches long, iqid like the stock-stone, is fixed in a stock, or 
handle (fig. 1119). It is sharpened at the rub-stone , by grinding the plate perpendicu- 
larly, and then on either side, thus producing two eigas (or rather, right angles'). 
The edges thus produced are not of an order to cut the leather, but rather to scrape 
it The slicker is not intended to remove irregularities in the leather, hut its uses 
are various; and it may be considered a very important tool as will hereafter 

^In the process of tunning, the grain side of the hide or skin becomes covered with 
a whitish body, derived from the bark called bloom ; this is more or less difficult to 
remove according to the hardness or softness of the water used in tanning, and the 
peculiar treatment of the tanner. It is, however, the currier’s business to remove it, 
which be effects thus:— In the case of leather, whose grain is tender , as cordovan , 
which is manufactured from horse hides, the grain being kept uppermost, the leather 
is spread on the scouring-stone, and being plentifully supplied with water, is stretched 
by using the slicker, or a fine pebble, ground to the sha^e of the stock-stone, , the 
bloom is thus loosened, and, at the same time, by making it adhere to the scouring- 
stone, the next operation is readily carried on, which consists in smartly brushing 
the grain with a stiff-haireef brush, at the same time keeping a quantity or water on 
the surface, the slicker is again used to remove the water and loosened bloom, and 
the scouring is complete. In tlfe scouring of calf-skins, and cow or ox hides, the 
stook-stone is need to fix the leather, and a piece of pumice-stone, the feee of which 
has been ground to smoothness, and afterwards ent in grooves, is then forcibly rubbed 
over the grain, in order to remove the bloom. In this, as in other operations, on the 
s souring- stone, , mooter is a necessary ingredient The bloom being sufficiently loosened 
by the pumice-stone, the brush is used to scrub np the remaining dirt, which is then 
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removed by the stock- stone or slicker. In harness leather, which is stoot, and requires 
to he stretched as much as possible, the pumice-stone is seldom usecLthe stock -stone 
and seouring-bnsh being lustily applied until the bloom is sufficiently removed. 
Ordinary manuneturers within the present (nineteenth) oentnry, have considered 
the operations of the scouring-kouse complete at this point The modem currier 
takes a different view, and not unfrequently Retains hif scoured property for days, and 
sometimes for weeks in the scouring-house. 

If the leather is ijpjftrfectly tanned, or it is required to be made of a bright colour, 
there are other processes to be passed through. In these cases sunfich (an evergreen 
shrub of the natural order Anacardiace m, genus Rhus, and from the bark of which all 
the leather mode in Turkey is said to be tamed) is infosed in boiling water, and 
when cooled to a tepid state the leather is placed in it After staying a sufficient 
time it is taken to the sconring -stone j if cordovan, it is slicked as dry as can be well 
accomplished on the flesh side; other leather is for the most part «sKcked in a 
similar way on the grain side. Saddle leather which is required to be of a bright 
colour is still farther placed in war&i water slightly acidulated with sulphuric or 
oxalic acid, or both ; here for a time it is kept in motion, then taken to the sconring- 
stone, it is washed with peculiar chemical lotions, according to the taste qr knowledge 
of the workman ; then again it is dipped in tepid sumach ixmision, then slicked with 
a copper or brass slicker (iron is liable to stain leather thus prepared), and a thin 
coat of oil being applied to either side it is removed to the drying-loJL Until within 
a very few years, much time and trouble were taken to produce very Aright leather for 
the saddler; but of late, brown-coloured leather has been adopted to a considerable 
extent, as it is less liable to become soiled. Nearly all leather is placed a short time 
in the loft before ihrther manipulations are carried on, in order to harden it slightly 
by drying. 

In the drying -loft, or its immediate vicinity* the leather receives the dubbing 
( daubing , probably) or stuffing. The substance so called is composed of tallow 
brought to a soft plastic condition by being melted and mixed with cod-liver oilf 
occasionally tod (an oil made in preparing sheep skins) is in very small quantities 
added to the mixture. This is laid upon the leather either with a soft haired brush 
or a mop made generally of rags. 

The leather is prepared for stuffing by wetting slightly Buch parts as have become 
too dry. It is then taken to the table previously described, which being slightly 
oiled the process is carried on by placing the skin on the table in the manner most 
convenient for stretching it and making the surface smooth. In those kinds that 
have a rough wrinkled grain the flesh side is placed next the table and the etock-Mtone 
is used very smartly to stretch and smooth the grain. A kind of damp or holdfast, 
composed of two cheeks fastened with a screw, is sometimes used to prevent the 
leather from moving during this operation, but in general these are not required ; 
the slicker is then applied to remove the marks left by the stink-stone, and a thin 
stuffing being spread over the grain it is turned over, slicked on the flesh lightly, a 
coat of shffing is spread over it, and it is Jiung up to dry. In those kinds which 
have to be blacked (or stained) on the grain, a little cod oil only is spread on the 
grain, and the slicker is applied on the flesh side most laboriously previous to 
stuffing. Much skill is required to give the requisite quantity of stuff (dulling) to 
the leather without excess, excess being injurious, and the quantity required is 
farther regulated by the freshness or otherwise of the leather, the tan-yard from 
which it comes, and the treatment it has received in the scouring-house. 

When dry, the skins or hides are folded together, to remain until required. It is 
certain the leather improves by remaining some weeks in this condition. It should 
be observed that, in drying, the leather absorbs a large quantity of the oleaginous 
matter with which it is charged, and the unabsorbed portion forms a thick coating of 
hardened greasy matter on the flesh side. 

Leather whidi has to be blackened on the flesh ( wax leather), from this point, 
receives different treatment from grain leather. Wax leather is taken to the shop- 
table and softened with a graining-boarcL The skin is laid on the table and doubled. 
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grain to grain, the pnzmuip-board {fig. 1 121), which is confined to the hand by a leatiSer 
strap (a a), is driven forward and drawn back alternately until a grain is raised on the 
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leather, and it has attained the repaired suppleness. Observe, the graining-boerd is 
slightly rounded on the lower suroce, and traversed by parallel grooves from side to 
side, which are coarser or liner, as occasion requires. The grease is next removed 
from the flesh by the dicker, and afterwards a sharp dicker u passed over the grain 
to remove grease or other ^cumulations from it The next process is called 
whitening. The leather is laid over th " beam, and a knife with an extremely fine 
edge is used to tiriie a thin shaving from the flesh dde; this^s a point at which a 
carrier’s skill is mated. The knife used is one that has beenUrjfcmneh worn, the 
quality of which has been tested to the utmost; and so extremely true is the edge 
expected, that not the slightest mark jpcratch) is dlowed to appear on the surface of 
the leather. Only a good workman can satisfactorily accomplish this. The slightest 
gravel In the flesh of the skin may break the edge of the knife in pieces, and it is not 
easy to re<Ai% so serious a misfortune; besides, a poor workman may tear up the edge 
by steeling , an operation which ought to mend the mischief instead of provoking it. 

A fine grainmg-board is next used to softeft the leather ; the stiffer parts being 
hoarded both on the grain and flesh sides, and the operation being carried on in two 
or three duaptions, to insure both softness and regularity o& grain. Boarding is per- 
formed by doubling the leather and driving the double part forward and drawing it 
backward by the graining-board. 

The leather is now prepared for the waxer, and passes, consequently, into his 
hands. Waxing, in large establishments, is a branch considered separate from the 
general business, and is usually in the hands of a person who confines himself to this 
occupation alone. The skin is laid on a table and the cobar rubbed into the flesh side 
with a brash. It is necessary to give the brash a kind of circular motion to insure 
the required blackness in the leather. The cobur is made by stirring a quantity of 
the best lampblack into cod-liver oils sometimes a little dubbing is added, and in order 
to make it wefrk smoothly so as not to clog the brash, some stale tan water from the 
vats in the scouring bouse is beaten up with the mixture until it combines therewith. 
The preparation of the colour is an important affair, and requires a considerable 
amount of time and labour to render it such as the waxer desires. 

A slick-stone , or glass, is next used; this tool is about the size and shape of the 
slicker, but instead of being ground li!:e it, the edges are very carefully removed, so 
that while, from end to end, it preserves nearly a right line, it is circular across the 
edge. The stone (a fine pebble) is little used now, plate-glass being substituted for it. 
The use of tbe tool just described is to smooth the flesh after the operation by the 
colouring brush, thereby getting rid of any marks made on the surface. 

The next step in waxing is what is called sizing. Sixe is prepared by boiling glue 
in water — the melted glue is diluted with water to the extent required — in some 
cases it is softened by mixing cod-liver oil with it in cooling. When cold, it is beaten 
up with various ingredients, according to the taste or experience of the waxer; the 
waxer then well rubs the size into the coloured side of the leather, and with a sponge, 
or, more generally, the fleshy part of iys band, smooths it off When dry, the dick- 
stone, or glass, is again applied, thus producing a polish on. the size ; and a very thin 
coot of oil completes the work. In different manufactories different methods are pur-, 
sued, but the above is convenient and satisfkctory in almost all circumstances. It is 
now ready for the shoemaker. 

Leather intended to be blacked on the grain, is left folded np when dry after stuff- 
ing. Some years sgo it was the custom to stain these kinds of leather, while wet in the 
scouring-honse, by spreading stale urine over it and then applying a solution of copperas 
(sulphate of iron). That method is now exploded. The dry skins or pieces of leather 
are bud on the shop-board : a brush is used to saturate the grain with urine, or as is 
now more common, a solution of so da in water , and a peculiar preparation of iron in 
solution is afterwards laid over it, which blackens the surface. It may be observed 
that in wax-leather a body of black is laid on, and rubbed into the flesh ; in grain 
leather the black is a stain. After the blackening, it is necessary to rub a small 
quantity of oil or dubbing over the blackened surfiice, then turning the oiled grain 
toward the table, a sharp slicker is used on the flesh side; the leather sticks to the 
table by means of the oil, and the slicker is driven so smartly over it, that it is stretched 
on the table, at the saint time that the grease is removed. It is quite an important 
point to take aU the stretch out of the leather in this operation, after which it is turned 
over ; the table is covered with” a very thin coat of hard tallow, a roll of tallow being 
rubbed over the table, for the purpose of keeping the leather fastened to it A duu 
slicker is used on the grain to remove remaining marks and wrinkles, or to smooth 
tpy coarse appearance on the grain; a sharp slicker removes all the grease, and * 
Him coot of weak size, made of glue dissolved in water, is spread over it and the pro* 
cent usually called seasoning, is completed. The next object is carefally to diy the 
seasoned leather, and in this state it may be stored without iqjury. 
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The next step it retry similar to that described in the case of wax-UcUher, and called 
whitening : — it is then softened by means of a fine grainmg-board, or aboard of the 
fiimft shape and sise corered with cork, the grain side is placed next the table, and 
the flesh doubled against the flesh, and thus driven forward and backward until the 
required degree of suppleness is obtained. TJae loose particles of flesh are brushed off 
and a slicker eareftilly passed over the grain removes all marks of the last operation. 
If a sufficiency of stugbna not been applied in the diying-loft, the deficiency is remedied 
by a coat of taUotiDd&bing now spread over the grain and allowed to ifcmain some hours. 
As the leather absorbs the oily matter a hardened coat of grease has to be removed 
by the aid of the slicker. The leather is then sized, and a very thin coot of oil spread 
over the sise, completes the operation. 

In the preparation of various kinds of leather, or of leather for particular purposes, 
the currier has particular appliances. Harness leather is considerably 'diyer than 
other kinds before stflffing, and is subjected to immense labour by the stock-stone and 
slicker, to procure a smooth grain. It is blackened when dry like other grain leather, 
but instead of the oiling and other processes described, the hardest tallow procurable 
is rubbed into it, lAmeaweth a fine pebble, slicked, and tallow again rubied into it by 
the hand. When dry after this operation, the grease is slicked from ttar flesh side, 
and a repetition of the tallowing, stoning, and rubbing finishes the work. 

Saddle leather, which is cut into comparatively small pieces, after hardening in the 
drying loft, is passed through a very different process from any described previously. 
The win of the hog is much used for certain parts of hackney saddles, and the 
bristles, when removed by the tanner, leave indentations, or even holes in the tanned 
skin. Probably it was deemed desirable to obtain some imitation for the parts of the 
saddle where the hog skin was not suitable. The skin of the dog-fish ( ScgUium , 
Cuv.), to some extent supplied the imitation, haring hard tubercles on its surface. 
At first the skin was laid on the leather and lustily pressed into it by robbing it with 
a pebble or plate of gloss j at length a press was invented, and more recently various 
methods have been proposed to produce the best effect. We have here (Jig. 1122) a 


1122 
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more or less pressure as the ease may require. The dotted line i f, re p r ea e nt i an iron 
bar or cylinder, supplied with a small cog wheel at «'» and a crank-kandU j, this is 
turned round by the hand, and the small cogwheel acts on a larger one A, which is 
attached to the axis of the roller /; /is a solid roller of hard wood, such as lignum 
viUc; upon this cylinder is strongly glued the fish «Am, previously alluded to j A is a 
cylindrical solid piece of woafcovcaedarith stout flannel ; / is a piece of leather on 
which the leather to be pressed is placed; when all is a^juste^he piece to be pressed 
is placed on A the handle is moved slowly round, and the wrote is carried between 
the rollers; the leather thus receives the imprint of th efith sAm, ana at the time 
becomes extremely solid. After drying, this is fit for the saddler. 

Of late years the currier has undertaken an office which was previously the 
business of the bootmaker; namely, the Mocking of boot fronts. This is performed by 
the instrumfpt represented by fig. 1 123. The leather is first dressed, as previously 
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described, up to the point of being ready for whitening. The fronts are then cut (Jtfc 
1 128 d)f and When folded or doubled appear an Jig. 1 123 6. 1' l', 1 1, is a strong frame- 
work; 2, represents a pair of cheeks, strongly fastened in the frame, and regulated as 
to diekmcn by a screw ; these cheeks are lined with sine ; 3 is a strong plate of metal, 
|he angle at 8 c o rre s p on ding exactly with the angle of the cheeks ; the ends of this 
plate are in movable plates passing down the columns 1' I* ; 4 is a han d le by 
'which the instrument is worked, and which by cog-wheels acting on the movable 
plates brings 8 downwards. The Jnnt, a, is laid, after a thorough soaking in water, 
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over the cheeks 8, the handle being turned, 8 eomea down upon the front, and 
forces it through the small opening between the cheeks, and when brought out below 
the cheeks, it has the appearance here given {fig, 1183 c> The plates haring carried 
the front between the cheeks, is removed (bdm\ and the weight 5 assists in 
bringing the perpendicular movable plates to their place, when 8 is again put in 
position | and thus the operation is rapidl/ carried on. After this the /route are 
regularly placed on a Moca, being forced into position by an instrument called the 
Jtotaukr ( fig. 112ty)fna tacksd to their place; after this they are slightly oiled and 
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dried. Some ingenious methods have been adopted for softening the fronts, so as not 
to disturb the blocking. They are whitened on a very sloping beam (fig, 1185), which 
enables the workman to hold them better than he could on the common beam. They 
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ire again blocked by the aeoxer, and when these processes are earefhlly performed, 
much trouble is saved to the boot-maker. Of eonrfo, in a manufootory many ap- 
pliances are found which are not here mentioned ; the general idea, however, may be 
easily gathered from this description. The work is dirty and very laborious, re- 
quiring great skill and experience, and consequently good workmen have generally 
commanded better wages than other mechanics. * 

Hides intended for covering coaches are shaved as thin as shoe hides, and blacked 
on the grain.— H. M. 
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LEATHER SPLITTING. This operation if employed sometimes upon pertain 
sorts of leather for glovers, for bookbinder*, sheath-makers, and always to giro a uniform 
thickness to the leather destined for the eotton and wool card-makers. 

Fig v. i 186, 1 187, 1 126, 1 189 represent a well contrived machine for that purpose, of 
which Jig. 1126 shows the front view, Jig. 1197 a view from the left side, Jig. 1199 a 
ground plan, and Jig* 1 128 a vertical edition across the machine, a is a strong table, 
furnished with four legs 6, which to the right and left hand bears, two hnrisontal pieces e. 
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Each of these pieces is cut oat in front, so as to form in its substance a half-round fork, 
that receives a cylinder d, carrying on its end a toothed spur-wheel e. Motion is com- 
municated to the wheel by means of the handle/, upon whose axis the pinion i is fixed, 
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working into the wheel d, made fast to tho end of the cylinder ronnd which the leather 
is rolled. The leather is fixed at one of its ends or edges to the cylinder, either with 
a wedge pressed into a groove, or by a movable segment of the cylinder itself. 

The table, <r, is cat out lengthwise with a slot, that is widened below, as shown in 
Jig. 1128. 

The knife h (Jigs. 1 188 and 1 129) is fixed fiat upon the table with screw bolts, whose 
heads are countersunk into the table, and secured with taps beneath {Jig. 1128), the edge 
of the knife being placed fcoritont&lly over the opening, and jttrallel with it. 

In/p. 1128 the leather, A, is shown advancing against the knife, getting split, and has 
a portion coiled round the cylinder, which is mode to revolve in proportion as the 
leather is cleft. The upper portion of the leather is rolled upon the ojrllnder d, while 
the under hol£ /, fells through the oblong opening upon the ground. 

In regulating the thiokness of the split leather, the two support*, », act; they are 
made feat to the table a (one on each side of the knife), and are mortised into the table 
by two tenons secured beneath. These supports are fomished near their tops with 
keyed slot* by means of which the horixontal iron rodo(jfy*. 1126, 1128) U entered. 
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supports into the mortise u (Jig. 1128), and press upon the upper half of the divided 
tenon, counteract the springs, and accordingly keep the rod o exactly at any desired 
height or level The iron rod o carries another iron bar, r, beneath it, parallel and 
also rectangular. Jig. 1 128. This lower bar, which is rounded at its under face, lies upon 
and presses the leather by the action of two screws, which pass through two upright 
pieces s (fig*. 1126 and 1 128) made fost to the table j thus the iron bar r may be made 
to press forwards the edge or the knifo, and it may be adjusted in its degree of pressure, 
according to the desired thickness of the leaf of split leather that passes through 
under it ' t 

Fig. 1 128 shows that the slant or obliquity of the knife is directed downwards, over 
one of the edges of the oblong opening g ; the other edge of this opening is provided 
with an iron plate t (Jig*. 1 128, 1129), which serves to guide the blade in cutting the 
leather to the proper depth. For this purpose the plate is made adjustlble by means 
of the four springs 1129) let into the table, which press it downwards. Four 
screws, v, pass down through the table, each belonging to its respective spring u, 
and by means of these screws the plate t may be raised in any desired degree. Each 
of the screws u has besides a small rectangular notch through which a screw bolt x 
passes, by which the spring is made fast to the table. Thus also the plate t may be 
made to approach to or recede from the knifo. 

If, in Jigs. 1126 and 1128, is a flat board, laid upon the leather a little behind the edge 
of the plate t\ this board is pressed by the cylinder z, that lies upon it, and whose 
tenons rest in mortises cut out in the two supports a 7 . The cylinder z is held in its 
position by a wedge or pin, b ( fig a. 1 126 and 1 127), which passes through the supports. 
When the leather has been split, these pins are removed, and the cylinder rises then by 
means of two counter- weights, not shown in the figures. 

The operation of the machine is as follows : — The edge or end of the leather being 
secured to the cylinder </, the leather itself having die direction npon the table shown 
in fig 1 . 1 128, and the bar r its proper position over the knife, the edge begins to (nter in 
this position into the leather, while the cylinder d is moved by the handle or winch, and 
the piece gets split betwixt the blade and die roller d. When the other end of the 
leather, A, advances to the knife, there is, consequently, one half of the leather split ; the 
skin is to b6 then rolled off the cylinder d ; it is turned | the already split halt or the 
end of the leather, A, is made ftst into the wood of the cylinder, and the other half is 
next split ; while the knife now acts from below, in an opposite direction to what it 
did at first 

That the unrolling of the leather from the cylinder, may not be obstructed by the 
pinion t, the stop-wedge e (figs, 1126, 1127) is removed from the teeth. In the process 
of splitting; the grain side of the leather is uppermost, and is therefore cut of an uni- 
form thickness, but the under side varies in thickness with the inequality of the skin. 

Several other ingenious contrivances have been introduced for this purpose, illus- 
trated descriptions of which have been given by Hebert, who states that a splitting- 
machine, long used by the Messrs. Bevington, of Bermondsey, had been made to split 
sheepskins into three equal parts, one of which, that cn the grain side, might be used 
as leathers the middle portion converted into parchment i and the dice on the flesh 
side, bring unequal in thickness, and .therefore unfit for any better use, being used for 
glue making, in this machine the skin is drawn between two revolving rollers, snd 
prorated, as it emerges from their grasp, to the edge of a long and very sharp knift, 
which a kept continuaUv moving a little backwards and forwards with great velocity. 
As askin of unequal thickness could not be grasped in the proper manner between two 
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perfectly true and rigid rollers, the upper roller, instead of being solid, is omapn^i 
of a number of circular discs or rings of metal, about half an inch thick, slipped oi 
to an axis rather smaller than the holes in their centres, bat compelled to revolve witl 
it by means of what may be termed a planetary axis, which is a rod passing looael] 
through holes in the whole series of discs, between their centre and their circumfer- 
ence, and so connected with tne axis by its ends as to be carried round with it Bj 
this contrivance the upper roller is enabled to adapt its surihee to that of the skin 
which is everywhere pressed with an equal force, due to tne%eight of the discs o 
which the upper roller is composed. It is stated in the Penn# Magazine M that thii 
machine will split a sheepskin of the^rdinary size in about two minutes, during whiol 
time the knife makes from two to three thousand vibratory motions to and fra 1 
This machine is said to be the invention of Lieutenant Parr. Another contrivance 
is known** Duxbury*s Patent Skin Splitting Machine, in which the knife consists of 
a series of plates of steel, so attached to the periphery of a wheel or disc, seventeen 
feet in diameter, as to form a gigantic cutting instrument resembling a crown or 
trepan saw, the compound blade projecting horizontally from the rim of the wheel 
parallel ta,its axis. The skin to be split passes round the circumference of a hori- 
zontal dram, the axis df which is at right angles with that of the great disc, and lies 
very nearly in the same plane with its face, and which instead of being perfectly 
cylindrical has its sides so hollowed as to present a concavity perfectly tallying with 
the curvature of the periphery of the disc. As therefore the drum revolves it brings 
the skin, which is confined closely to its concave surface by a contrivance somewhat 
resembling the upper roller in the machine above described, in contact with the edge 
of the revolving knife, which cuts by a continuous onward movement, instead of a 
sawing action backwards and forwards. The extreme nicety required to fix the con- 
cavity of the feeding roller to the edge of the circular knife, and to keep the knife or 
cutter itself perfectly true in shape, appear to be the chief objections to this ingenious 
contrivance. — Penny. Cyc ., SuppL , Leather. 


Exports of leather of British produce and manufacture in 1664, 

Tanned, unwrought - 
Wrought, boots and shoes « 

Wrought, gloves ------ 

„ not specifically described 
Manufactures (Foreign leather), gloves - 

„ „ boots and shoes 

„ „ other kind - 

Saddlery and harness - - - - - 

Imports of Leather, 

Leather, un wrought : hides not tanked, tawed, 
curried, or in any way dressed - 

Hides, wet 

„ tanned, not otherwise dressed 
„ tanned, curried, but not enamelled 
„ varnished, japanned, or enamelled 
„ Muscovy or Russia, undressed - 
„ pieces, unenumerated 
„ „ dressed, unenumerated - 


86,188 ewts. 

Total value. 
£881,842 

4,849,620 pairs 

1,484,421 

696.045 „ 

71,910 

124,183 

886,425 lbs. 

20,556 pairs 

2,227 

87,505 „ 

11,605 

entered at value 

4,709 

845,950 

a» 

T. 

Total value. 

272,431 ewts. 

£1,023,072 

682,075 „ 

1,644,4 i 3 

3,701,264 lbs. 

141,446 

1,985,685 „ 

157,050 

605,073 

165,635 
# 19,857 

153,732 „ 

- 

180 

- 

694 


LEATHER CLOTH. Under the name of American leather cloth, an enamelled 
oil-cloth has been introduced. Much of it possessed great elasticity, and resembled 
much the vegetable leather already described. The trade has, however, rapidly 
declined, as will be seen by the following table of imports of this material. 


1854 - - - 

yards. 

- - 631,304 

value. 

£88,210 

1855 - * - 

565,395 

42,405 

1856 - - - 

507,826 

38,069 

18,094 

1858 - n * - 

- - 174,573 

1860 - 

151,969 

1 1*898 

1861 

127,051 

9,528 


LE ATHER, VEGETABLE. Under this name a new material, composed of India 
rubber spread upon linen, has been introduced. Of this the Mechanics? Magazine 
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writes Haring seen some ipeoimesu of these leathers, as well as various articles of 
utility manufactured therewith, we hare been induced to pay the extensive works of 
Hewn. Spill and Co., the embent Qorernment contractor^ on Stepney- green, a visit, 
in order to cull sufficient toplaee upon record the present position or artificial as a sub- 
sdtote for real leather. The free and general character of the vegetable leather 
resembles the natural product so closely, thatHt is only by actoal examination that the. 
difference can be determined. This is more particularly the case in that description 
■ which is made for Bookbinding, the covering of library tables, Aid like purposes. 
Amongst other advantages it possesses over leather proper, may be mentioned, that 
however thin the imitation is, it will not tear without considerable force is exercised g 
that it resists all damp, and that moisture may be left upon it for any period without 
injury, consequently, it does not sodden or cockle, is always dry, and its polish is 
rather increased than diminished by friction. Add to these foots, that any* attempt to 
■cratch or raise its surface with the nail, or by contact with any ordinary substance, 
will not abrade it, and enough will have been said to justify its entering the list against 
an article of daily use, which has of late years been deemed for from sufficient for 
the demand, and hu consequently risen in price to the manifest loss and injury of every 
dais of the community. We believe that the largest entire piece of reaTkatber that 
can be eat from a bollock's hide, ia not more than 7 feet by fi feet, and thia includes the 
stomach and other inferior parts. Vegetable leather on the contrary, ia now produced 
50 yards in length, and l£ yard wide, every portion being of equal and of any required 
thickness, and the smallest portion is convertible. We were agreeably disappointed, 
however, to find that instead of vegetable leather being a discovery requiring the aid 
of ourselves and contemporaries, it was, although so young, an active agent in the 
fabrication of numerous articles of daily requirement, and that it bad already become 
the subject of large, indeed we may say enormous, contracts. Caoutchouc and naphtha 
arc used in its manufacture ; but by a process known to the senior of the firm, who is 
himself an accomplished chemist, all odour is removed from the naphtha, and the smell of 
vegetable leather is rendered thereby leu in strength, if anything, than that of leather. 
The principal objects to which it is at present applied, although it u obvious it will take a 
wider range of usefulness than leather itself, are carriage and horse aprons, antigropola, 
soldier’s belts, backets which pack flat, harness of every description, bookbinding, &c. 
For, the latter, its toughness, washable quality and resistance to stuns, render it 
remarkably fitted. Its thickness, which may be carried to any extent, is obtained by 
additional backings of linen, &o., cemented with the caoutchouc, and its strength is 
something marvellous, while in the all-important commercial view, it is bnt one- third 
the price of leather. Many of the articles we were shown possessed the appearance 
of much elegance and finish ; but it was curious to observe, that although most of 
them could be made without a stitch, and within the factory itself; a deference to the 
feelings of the workmen in the several trades has been shown by the firm, and the 
material is given out as ordinary leather, to undergo the process of the needle, which 
it anbmita to with a greater fhcility than its original prototype." 

LEAVEN. Under Bread, the employment of yeast is folly explained. A few 
particulars relative to the French leaven may not, however, be oat of place. 

In Faria, where bread-making has been brought to a high degree of perfection, the 
fermentation is produced chiefly by the glnten of the dough, yeast being used merely 
to facilitate the action. A lump of dough remaining from the last batch of bread, 
and consisting of 8 Jbs. flour, and 4 lbs. of water, is left to itself for ten hours : in this 
state it ia cdled /reek leave* ( levain de chtf). By kneading this with another quantity 
of 8 lbs. flour and 4 lbs. water, the once revived leaven (levain de premiire ) ia obtained. 
After another interval of eight hours, 16 lbs. of flour and 8 lbs. water are added, 
forming the twice revived leaven ( levain de eecondc ) ; and after three boors more 
100 lbs. floor and 68 lbs. water, containing 4 to \ lb. beer-yeast are added, forming 
the finished leaven (levain de tout point). The 800 lbs. leaven thus obtained are 
mixed after two hours with 138 lbs. flour and 68 lbs. water containing 4 lb. of yeast 
in suspension, and 8 lbs. common salt dissolved. This quantity of dough serves for 
five or six bakings. For the first baking half the dough (800 lbs.) is made into 
loaves of the required sixe and form, which are exposed for a while in shallow baskets 
to a temperature of 85° C. (77° F.k and then transferred to the oven. The bread thus 
obtained has a sourish taste and dork colour. The remaining half of the dongh is 
again mixed with ISflIbs. flour, 70 lbs. water, ) lb, ^teast, and the requisite quantity 
of salt, the half of this quantity of dough is then formed into loaves, left to ferment, 
and baked. The same operation is repeated three times, one-half of the dongh being 
each time mixed with 180 ibs. flour and 1} lb. yeast, and the proper quantity of water 
and salt The last stage yields the finest and whitest bread. See Watts' " Dictionary 
of Chemistry." 

LEDUM PALU8TBE. This plant is employed in Russia to tan the skins of 
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goats, calves, and sheep, into a reddish leather of an agreeable smell \ as also ii 
the preparation of the oil of birch, for making what is commonly called Rossi 
leather. 

LEER. An arched building, forming an annealing fomace, in which glass i 
tempered or annealled. 

LEGUMINE is the name q f a vegeto-alkali supposed to exist in leguminous plants 

LEGUMINOSJE. Leguminous plants, or the pea and bean fhmily. 

LEMNIAN EARTH. A Yellowish-grey earth, obtain^ from Lemnos by the 
Greeks. It is very similar to fuller’s earth. * * 

LEMONS. The frnit of the Citrus limonum, Both the juice and the peel of the 
fruit are employed medicinally, andtio the preparation of lemonade. See Gxrmo 
Acid, and Oils, Essential. Of the juice of lemons, limes, and oranges, we im- 
ported in 1863, 217,851 gallons, of the computed value of £15,950 ; in 1864, 269,753 
gallons, of foe computed value of £29,476. 

LENS. ( Lentille , Fr. ; Linsenglas, Germ.) Lenses are transparent bodies, usually 
made of glass, which by their curvature eitHfer concentrate or disperse the rays of 
light Lenses are of the following kinds. Double convex , having the same or a 
different dfKree of convexity on either side. Plano convey having one plane and one 
convex surface. Concavo convex , having one concave and one convex side, commonly 
called meniscus lenses. Plano concave , having one plane surface and one concave one; 
and the double concave lens. 

The first three which are thicker in the middle than at the edge, are converg- 
ing lenses , because they occasion the rays of light to converge in passing through 
them. The others which are thicker at the edges than in the middle, and therefore 
cause the pencils of light refracted through them to diverge, axe called diveiging 
lenses. 

For the most complete examingion of the laws regulating the construction of lenses, 
and the actibn of these on the rays of light, we most refer the reader to Bir John 
HerscheTs admirable treatise on Light in the Encyclopedia Metropofitana. In this work 
we have only to deal with the mode of mnnu&cturmg the ordinary varieties. The 
spherical surfaces are produced by grinding them in counterpart tools, or discs of 
metal, prepared to the same curvature as the lenses. For the formation of the grind- 
ing tools, a concave and a convex temp 1 ate are first made to the radius of the curva- 
ture of the required lens. The templates of large radius, are sometimes out out of 
crown glass. More usually the templates are made out of sheet brass, the templates 
a of long radii are cut with a strong radius bar and cutter, and those of only a few 
* inches radius are ent in the turning lathe. The brass concave and convex gauges are 
cut at separate operations, as it is necessary to adjust the radius to compensate for the 
thickness of the cutter, and the brass templates are not usually corrected by grinding, 
as practically it is found more convenient to fit the tools themselves together. The 
templates having been made of the required radius, are used for the preparation of the 
grinding and polishing tools, which for concave lenses consist of a concave rough 
grinding tool of oast iron called a shelly 

A pair of brass tools is however the most important part of the apparatus. One of 
these is concave and the other convex, made exactly to the curvature of the templates 
and to fit each other as accurately as possible. The concave tool is used as the 
grinder for correcting the curvature of the lenaea after they have been roughly figured 
in the concave shell, and the convex tool is employed for producing and maintaining 
the true form of the concave grinding tool itself, and also that of the polisher. These 
polishers are adjusted with great accuracy. The concave tool is placed upon the 
convex, and they are first rubbed together dry, so that by the brightened parts the 
inequalities may be distinguished, they are then ground true, first by means of emery 
and water, and then with dry emery. 

The following figure (1180) represents those tools, which are fitted with screws at 
the back so that they can he fixed upon pillars, in connec- jjgQ 

tion with the machinery for giving motion to them. 

Bv grinding with sundry niceties of motion which are 
required to produce the best effect, such as the production 
of motion which shall resemble as nearly as possible the 
kind of stroke wbieb wotfid be given by the hand, these 
tools are eventually brough^ to true spherical figures 
which fit each other exactly. 

The glasses for lenses, being selected of suitable quality, 
they are brought to a circular form by means of flat idlers 
galled shanks- The pressure of the pliers applied near the 
edges of the glass causes it to crumble away in small 
fragments, and this process, which is called shanking or nibbling, is continued until the 
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an made circular, and of a little larger diameter than the flniahed sixe of the 

A cement is made by mixing wood ashes with melted pitch. Some nioety is required 
in the adjustment of the proportion, since the cement most not be too adhesive, nor most 
it be too hard or too brittle ; generally about 4 lbs. of wood ashes to 14 lbs. of pitch are 
employed. This when melted is poured on one side qf the glasses to be gronnd, in 
small quantities at a time, until a sufficient quantity adheres to the back of the lens 
to form a handle. Thcglaas is rough ground by rubbing it within the spherical 
shell. The glass h rubbed with large circular strokes, and the ehdfU usually placed 
within a shallow tray to catch the loose emery or polishing powder which may be 
employed. When one side is rough ground in tins way, the glass is wanned to detach 
it from the handle, which is transferred to the other side and the operation repeated. 
When both sides are thus rudely formed, the lenses are cemented upon a runner. 
The best otyect glasses for telescopes are ground and polished singly, wbfilff as many 
as four dosen of common spectacle glasses are ground and polished together. When 
many are thus fixed on one runner, th£ number must be such 
as will admit of their being arranged symmetrically around 
a central lens, as 7, 13, or t*l. or sometimes 4 form the nucleus, 
and then the numbers run 14, 30. Lenses of ordinary qualify 
are usually ground true and polished seven at a time. This 
runner with its lenses attached is shown info. 1131. 

The cement at the back of the lenses is first flattened with a heated iron. The 
cast iron runner is heated Just sufficiently to melt the cement, and carefully placed 
upon the cemented backs of the lenses. As soon as the cement is sufficiently softened 
to adhere firmly to the runner, it is cooled with a wet sponge, as the cement must only 
be so for fhsed as to fill up the spaces nearly, but not quite, level with the surface of 
the lenses. The block of lenses is now mounted upon a post, and gronnd with the 
concave brass too bfig. 1130, motion being given to it either by th«f hand or by 
machinery similar to the sweeping motion already named. As the grinding proceeds, 
the fineness of the emery powder employed is increased, until in the last operation it 
is sufficiently fine to produce a semi-polished surface. This grinding being com- 
pleted successfully, the lenses have to be polished. The polisher is made by warming 
a cast iron shell and coating it uniformly about one quarter of an inch thick with 
melted cement. A piece of thick woollen cloth is ent to the size of the polisher and 
secured to it, and pressed into form by working the brass tool within it When 
this is properly adjusted it is covered with very finely divided putty powder, sprinkled 
with a little water, and the powder worked into the pores of the cloth with the brass 
convex tool. Repeated supplies of putty powder is put on the polisher until it is 
made quite level, and it is worked smooth with the tool. Many hours are expended 
in the proper preparation of a polisher. When completed it is placed upon the block 
of lenses still fixed to the post, and worked with wide and narrow elliptical strokes. 
Where a very large number of glasses are ground or polished at the same time, this 
peculiar motion is imitated by the eccentric ^movement of a lever attached to the 
revolving shaft In the processes of grinding and polishing, other materials beside 
emery and putty powder are sometimes employed, such as raddle, an earthy oxide of 
iron, the finer kinds of which are mnch employed in the large lens manufactory at 
Sheffield. 

Much more might be said on the subject of grinding and polishing lenses, bnt 
it is one of those processes of manufacture which scarcely come within the limits of 
the present work. Still it was tbonght to be of sufficient importance to receive some 
general notice. The grinding and polishing of the finer varieties of lenses for tele- 
scopes, microscopes, and the like, require extremely nice manipulation. The best 
account of the processes and of the instruments used is one by the late Andrew Ross 
in the fifty -third volume of the Transaction* of the Society of Arte. In Boltzapffete 
Mechanical Manipulation there is also some very excellent practical information. 
See Lighthouse ; Photography. 

LEPIDINE, C*H"N. A volatile base, homologous with chinolipe, found in coal 
naphtha and in the fluid produced by distilling cinchonine with potash. — C. O. W, 

LEPIDOLITK or Lxthza Mica. A beautifttl purple mineral, which occurs in 
various parts of the world. It has recently been found fo fine masses on Mount 
Hradisko near Rosna In Moravia. It is remarkable for the large quantity of llthia 
which it contains, and! also for its containing the newty-discovered mineral rubidium. 
See Spectrum Awalyks. 

LEUCANILINE. If a solution of roeanUine is left in contact with metallic 
sine, or treated with sulphide of amufonium, it is rapidly decomposed. The rosaniline 
disappears and is transformed into a remarkable new base, which has received the 
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name of lencaniUne, and which may be obtained in completely colourless needles 
scarcely soluble in water, very soluble in alcohol. Its formula is s — 

The salts of leuoaniline are also colourless, easily crystallixable, and very soluble 
in water, from which they ftiay be precipitated by the addition of an excess of 
acid. 

There exists #n extremely remarkable relation betweeoMie composition of ten- 
caniline and that of rosaniline. i 

Bosaniline - - * - - ' - - 

Lencaniline- ----- 

Leucaifiline differs from rosaniline simply by containing two equivalents more of 
hydrogen. 

The two bases bear to each other the relatfcm which exists between blue and white 
indigo i — ■ 

Blue indigo 

White indigo C^fl'TO. 

Leucaniline, as might have been expected from this interesting relation, may be 
reconverted into the red colouring matter by oxidising agents. On gently heating 
the colourless solution of hydrochlorate of lencanilino with peroxide of barium, 
perchlarides of iron or platinum or chromate of potassium, the liquid at onoe re- 
assumes the splendid colour of the rosaniline salts. (Hofmann.) 

LEUCITE. A mineral found in volcanic rocks, containing usually 56*10 of 
silica, 23-10 of alnmina, and 21*h5 of potash. The finest and most beautiful crystals 
are found in*the older lavas of Vesuvius and Rocca Monfim, and in the neighbour- 
hood of Rome. It is sometimes called the white garnet , from the similarity of its 
crystallisation to that of the common garnet. Kirwan calls it the white garnet of 
Ventrius. 

LEUOOLINE. A synonym of Leukol. 

LEUKOL. See Chinolinb. 

LEVEL (a mining term). An adit gallery or horixontal working in a mine. 

LEV1GATION is the mechanical process whereby hard substances are reduced 
to a very fine powder. 

LEWIS is the name of one kind of shears used in cropping woollen cloth. 

LIAS. Under this term are comprehended the strata which intervene between the 
Triaj^ or New Red Series, and the Inferior Oolite. In the aggregate they are of 
considerable thickness, and occupy a large area in this country, stretching in a north- 
easterly direction frem the sea west of Lyme Regis, in Dorsetshire, to Redcar, on the 
coast of Yorkshire. The strata which compose the Liassic series consist, in the lower 
part, of compact argillaceous limcstonf, alternating with or forming layer* in clay, to 
a provincial pronunciation of which word the name Has probably owes its origin. 
This limestone forms the base of a thick deposit of bine clays and marls, which are 
overbid by a series of sands and sandstone, called Marlstone ; these in their turn, are 
separated from another mass of sands, which form the uppermost member of the 
gronp, by a stratum of clay, known as the Upper Lias Clay. 

By the term lias, however, is ordinarily only understood the calcareous and argil- 
laceous division, which constitutes the lower section of the entire formatirn. 

In an economical point of view, it is of considerable value from its furnishing a 
useful and durable stone, both fbr building and paving for the latter purpose it is 
particularly suited, not only from the large dimensions of the flags it affords, but on 
account of its occurrence in thin layers, which, in many cases, when required for 
rough purposes only, are used in the state in which they are taken from the quarry, 
without undergoing subsequent dressing. The lime furnished by the bine lias limestone, 
is also well known, and in great request, some of the beds possessing the valuable pro- 
perty of forming hydraulic mortars and cements, for manufacturing which it is col- 
lected from the shore and the sea cliffs at Charmouth, and largely quarried at Lyme 
Regis and the neighbourhood. 

The elayey members of the lias furnish a poor and cold agricultural soil, which is 
chiefly devoted to pasture, but the land upon the marlstone is, on the contrary, of a, 
very rich and fertile description, and constitutes a district, where it prevails, that is 
marked by the luxuriance of its crops, and the excellence of the cider it produces. 

0 In the upper part, it contains beds of ferruginons, brown, ealcareons sandstone, which 
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b med for building purposes in tbs neighbourhoods where H occurs. The sandstone 
b always more or less or a ferruginous character, but in some instances the fe rr ugin ous 
1 ingredient prevails to such a degree, as to constitute a valuable ore of iron, as In the 
neighbourhood of Blenheim, to which attention has lately been directed by Hr. 
* Edward HuU, of the geological surrey of Great Britain. 

Likeihe maristone, the calcareous sands qf the uppermost portion of the liassio 
series also famish a rich agricultural soiL Until recently, these sands were consi- 
dered to farm the base of the inferior oolite series, but the researches of Dr. Wright, 
render it highly pssbsble that they should, with more propriety, be t Massed with the 
underlying lbs, rather than with the oolitic strata.* 

The stone found at Cotham and other places «n the neighbourhood of Bristol, and 
which has in consequence received the name of Cotham marble, and has also been 
called rank, or landscape marble, from the curious delineations displayed upon polished 
sections of it, resembling trees, landscapes, &&, is a limestone from die loafer part of 
the lias. — H. W. B. 

L1BAVITTS, Fuming Liquor or, if the bichlpride of tin, prepared by dissolving 
that metal with the aid of heat in aqua regia, or by passing chlorine gas through a 
solution of muriate of tin tell no more gas be absorbed, evaporating the sqfation, and 
setting it aside to crystallise. The anhydrous bichloride is hist prepared oV mixing 
four parts of corrosive sublimate with one part of tin, previously amalgamated 
with just so much mercury as to Tender it pulveraabie ■, and by distilling this 
mixture with a gentle heat A colourless fluid, the dry bichloride of tin, or the 
proper faming liquor of Libavius, comes over. When it is mixed with one-third of 
its weight of water it becomes solid. The first bichloride of tin is used in calico- 
printing. See Cauoo- printing. 

LICHEN. A certain set of plants, composed chiefly of cellular tissue devoid of 
spinal vessels, with the stems and leaves un distinguishable, are termed Thallogens. 
These are of two kinds, the first admitting of two divisions : — 

1. Aquatic thallogens, or such as are nourished through their whole surface by 
water, are Alow. Aerial thallogens nourished through their whole surface by air 
are Lichens. 

S. Thallogens nourished through their thattua (spawn or mycelium) by juices 
derived from the matrix are Fungi. 

Lichens are numerous, as Ground liverwort. Cup moms. Tree lungwort, used in 
Siberia as a substitute far hops in brewing ; Gyropnura employed by die hunters in 
the arctic regions as an article of food, under the name of tripe de roche j Reindeer 
mote, Iceland mote, much used in this country as a remedy far coughs ; the Common 
yellow wall lichen, and some others. 

The Tinctorial lichen* are also numerous. They furnish four principal colours, 
brown, yellow, purple, and bine. 

Gyrophara pustulata and Sticta pulmcnaria yield brown colours. The latter, with 
mordants of tin and cream of tartar, produces on silk a durable carmelite colour. 
(Guibonrt) f 

Parmetia parietina and Eventta vulpina produce yellows, the yellow principle of 
the former being called ckryeophanic acid, that of the latter vulpimc acid. 

Rocella, Lecanora, Varwaria, Ac., yield purple and blue colours. In this cqpntry 
archil and cudbear, purple colours, are prepared. In Holland, a blue colour, litmus. 

The following is a list (from Pereira) of the principal lichens employed by British 
manufacturers of archil and cudbear, with their commercial names: — 


ORCH8LLA. WEEDS. 

Angola Orchella weed ( R.Juciformie ] ). 

Mtltpeseiir „ „ 

Mauritius „ „ 

Canary „ (22. tinctoria ). 

Cape de Yerd „ » 

A sores „ » 

Madeira „ (ditto and juc\fbrmu). 

Booth America, large and round (R. tinctoria). 

South America, small and flat ( Rfuci/urmi* J. 

Cape of Good Hope (JR. kypommka). 

Dr. Stenbouse, to whom we are much indebted for many important inquiries con- 
nected with the applications of chcmistiy, has given the fallowing table of the lichens • 

* The erkleooe brought toward by Dr. Wright fn favour of the llaasle origin of these lands lr. 
of a paleontological nature \ physically, the most natural arrangement la to eonnoet them rather wl 
the inferior oolite than with ins lisa— H. W. IS. 


Barbary (Mogndore) (22. tinctoria). 
Corsican and Sardinian „ 


Tartareous ( Lecanora tartarca). 
Postulates ( Gyrophara pusfu’ata). 
Canary Rock (PameUa perhta .). 
Corsican. 

Sardinian. 

Norway Rock Moss. 
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See French Purple, Litmus, Orciiella Weed. 

LICKNER’S BLUE. The Silicate of Cobalt and Potash. 

LIGHT. (Zumiire, Fr. ; Zicht, Germ.) The operation of light as an agent in 
the arts or manufuactures has scaicel y yet received attention. Sufficient evidence 
has however bden collected to show that it is of the utmost importance in producing 
many of the remarkable changes in bodies which are desired' in some cases as the 
result, but which, in others, are to be if possible avoided. 

There is a very general misconception as to the power or principle to which cer- 
tain phenomena, the result of exposure to sunshine, are to be referred. In general 
light is regarded as the principle in action, whereas frequently it has nothing what- 
ever to do with the change. A few words therefore in explanation are necessary. 
The solar ray, commonly spoken of as light, contains in addition to its luminous power, 
calorific power, chemical power, and in all probability electrical power. (See Actinism.) 
These phenomena can be separated one from the other, and individually studied. AU 
the photographic phenomena are dependent upon the chemical (actinic) power. 
Many of the peculiar changes which are effected in organic bodies are evidently due 
to light, and the phenomena which depend entirely on heat are well known. 

Herschel has directed attention to some of the most striking phenomena of light, 
especially its action upon vegetable colours. As these have direct reference to the 
permanence of dyes, they are deserving of great attention. The following quotation 
from Sir John Herschers paper “ On the Chemical Action of the Bags of the Solar 
Spectrum, frc." will explain his views and give the character of the phenomena which 
ho has studied. He writes — 

** The evidence we have obtained by the foregoing experiments of the existence of 
chemical actions of very different and to a certain extent opposite characters at the 
opposite extremities (or rather as we ought to express it in the opposite regions) of 
the spectrum, will naturally give rise to many interesting speculations and conclu- 
sions, of which those I am about to state, will probably not be regarded as among the 
least so. We all know that colours of vegetable origin are usually considered to be 
destroyed and whitened by the continual action of light. The process, however, is 
too slow to be made the subject of any satisfactory series of experiments, and, in 
consequence, this subject, so interesting to the painter, the dyer, and the general 
artist, has been allowed to remain uninvestigated. As soon, however, as these evi- 
dences of a counterbalance of mutually opposing actions, in the elements of which the 
solar light consists, offered themselves to view, it occurred to me, us a reasonable 
sulject of inquiry, whether this slow destruction of vegetable tints might not be due to 
the feeble amount of residua! action outstanding after Imperfect mutual compensation, 
in the ordinary way in which such colours are presented to light, i.e. to mixed rays. 
It appeared therefore to merit inquiry, whether such colours, suljected to the un- 
compensated action of the elementary rays of the spectrum, might not undergo 
changes differing both in kind and in degree which mixed light produces on them, 
nn£ might not, moreover, by such changes indicate chemical properties in the rays 
themselves hitherto unknown. 

“ One of the most intense and beautiful of the vegetable blues is that yielded by 6 m 
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blue petals of the dark velvety varieties of the common heartsease (Viola tricolor). It 
is best extracted by alcohol. The aleoholio tinctare so obtained, after a few days keep- 
ing in a stoppered phial, loses its fine bine colour, and changes to a pallid brownish 
red, like that of port wine discoloured by age. 

“ ■When spread on paper it hardly tinges it at first, and might be supposed to have 
lost all colouring virtue, but that a few drops of very dilute sulphuric acid sprinkled 
over it, indicate by the beautifel and intense rose edlour developed where they fell, 
the continued existence of the colouring principle. As the paper so moistened with 
the tincture drie& however, the original blue colour begins to apprar, and when quite 
dry is fell and rich. The tincture by long keeping loses this quality, and does not 
seem capable of being restored. But the papgr preserves its colour well, and is even 
rather remarkable among vegetable colours for its permanence in the dark or in 
common daylight. 

“ A paper so tinged of a very fine and fell blue colour, was exposed to the 
solar spectrum concentrated, as usual (October 11, 1839), by a prism and lens; a 
water-prism, however, was used in the experiment, to command as large an area of 
sunbeam as possible. The sun was poor and desultory ; nevertheless in half an hour 
there was an evident commencement of whitening from the fiducial yeUow ray to the 
mean red. In two hoturV and a half, the sunshine continoijg very mucK* interrupted 
by clouds, the effect was marked by a considerable white patch extending from the 
extreme red to the end of the violet ray, but not traceable beyond that limit Its com- 
mencement and termination were, however, very feeble, graduating off insensibly j 
but at the maximum, which occurred a little below the fiducial point (corresponding 
nearly with the orange rays of the luminous spectrum), the blue colour was completely 
discharged. Beyond the violet there was no indication of increase of colour, or of any 
other action. 1 do not find that this paper is discoloured by mere radiant heat 
unaccompanied with light” 

Dr. George Wilson of Edinburgh made some Exceedingly interesting experiments 
on the influence qf sun tight over the action of the dry gases on organic colours. The 
results arrived at were communicated to the British Association, and an abstract of 
the communication is published in their transactions. The experiments were on 
chlorine, sulphurous acid, sulphuretted hydrogen, carbonic acid, and a mixture of 
sulphurous and carbonic acid, oxygen, hydrogen and nitrogen on organic colouring 
matters. M I had ascertained,” says Dr. George Wilson, “ the action of the gases 
mentioned already on vegetable colouring matters, so arranged, that both colouring 
matter and gas should be as dry as possible, the aim of the inquiry being to elucidate 
the theory of bleaching, by accounting for the action of dry chlorine upon dry colours. 
In the course of this inquiry, I ascertained that in darkness dry chlorine may be kept 
for three years in contact with colours without bleaching them, although when moist 
it destroys their tints in a few seconds (see Bleaching) ; and I thought it desirable 
to ascertain whether dry chlorine was equally powerless as a bleacher when assisted 
by sunlight The general result of the inquiry was, that a few weeks sufficed for the 
bleaching of a body by chlorine in sunlight, where months, I may even say years, 
would not avail in darkness.” The form bf the experiment was as follows. Four 
tubes were connected together sojas to form a continuous canal, through which a 
current of gas could be sent Each tube contained a small glass rod on wh^h seven 
pieces of differently coloured papers were spiked. It is not necessary here to state 
the colours employed, suffice it to say, that all the tubes thus contained seven different 
coloured papers, of different origins, and easily distinguishable by the eye. They 
were arranged in the same order in each tube, and were prepared as nearly as 
possible of the same shade. These papers were carefolly deprived of every trace tit 
moisture by a current of very dry air. The tubes were then filled with the gas, also 
dried, on which the experiment was to be made. One tube of each series was kept 
in darkness, two others were exposed in a western aspect behind glass, and the other 
was turned to the south in the open air. 

The results were as follows t — In the dark chlorine tube the colours were very 
little altered, and would probably have been altered less had not the tube been fre- 
quently exposed to light for the sake of examination. In the western tube, the 
original grey and green wallflower papers became of a bright crimson, the blue 
litmus bright red, and the brown rhubarb yellow. The whole of the chlorine had 
apparently entered into combination with the colouring matters for fee yellow tint of 
the gas had totally disappeared. In fee southern tube fee colour of fee chlorine could 
still be seen, fee reddening action was less decided, and fee bleaching action was 
more powerfully evinced. The general result was feat fee action of sunlight is less 
uniform than might have been expected in increasing fee bleaching power of chlorine^ 
or while some tints rapidly disappeared under its action assisted by light, other -coldtirs 
remained, in apparently fee very same circumstances, unaffected. 
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Sutphavue acid, if thoroughly dried, may be kept for months in contact with drj 
coleus* without altering them ; under the influence of sunlight it however recovers tc 
some extent its bleaching power. 

Sulphuretted hydrogen acts as a weak acid, and readily as a bleacher when moist 
and becomes inactive in both respects if made dry and kept in darkness. With the 
assistance of sunlight it recovers in no ^considerable degree its bleaching power. 

Oxygen is a well known bleaching agent, but when dry its action upon colouring 
matter in the dark is extremely slow. In sunlight, however, % recovers its Mailing 
power. . • • 

Carbonic acid, when dry in darkness, loses all power on colouring matter, but a 
Aunt bleaching action is exerted by itftinder exposure to sunlight 
Hydrogen is without any action when dry upon oolours, but it acquires a slight 
decolorising power when exposed to sunshine. 

“ The general result,” concludes Dr. George Wilson, “ of this inquiry, so lhr as 
it has yet proceeded, is, that the bleaching gases, vis. chlorine, sulphurous acid, 
sejpkuretted hydrogen, and oxygen, loses nearly all their bleaching power, if dry and 
in darkness, but all recover it, and chlorine in a most marked degree, by exposure to 
sunlight”^ # 

All theflexperiments* appear to show that the action of the solar rays on vegetable 
colours is dependent upon the power possessed by one set of rays to aid in the 
oxidation or chemical changes of the organic compound constituting the colouring 
matter. The whole matter requires carefhl investigation. 

It is a proved fact, that colouring matters, either from the mineral or the vegetable 
kingdoms, are much brighter when they are precipitated from their solutions in 
bright sunshine, than if precipitated on a cloudy day or in the dark. It must 
not be supposed that all the changes observed are due to chemical action; there 
can be no doubt but many are purely physical phenomena, that is, the result of mole- 
cular change, frithout any chemical disturbance. 

LIGHT, ELECTRIC. See Electric Light. 

LIGHTHOUSE. The importance of lights of great power and of a distinguish- 
able characte/ around our coasts is admitted by all. One of the noblest efforts of 
humanity is certainly the construction of those guides to the mariners upon rocks 
which exist in the tracks of ships, or upon dangerous shores and the mouths of har- 
bours. This is not the place to enter largely upon any special description of the 
lights which are adopted around our shores; a brief account only will be given of some 
of the more remarkable principles which have been introduced of late years by the 
Trinity Board. 

The early lighthouses appear to have been illuminated by coal or wood fires con- 
tained in M chauffers.” The Isle of Man light was of this kind until 1816. The first 
decided improvement was made by Argand, in 1784, who invented a lamp with a 
circular wick, the flame being supplied by an external and internal current of air. 
To make these lamps more effective for lighthouse illumination, and to prevent the 
ray of light escaping on all sides, a reflegtor was added in 1780 by M. Lenoir; this 
threw the light forward in parallel rays towards such points of the horison as would 
be usefhl to the mariner. Good reflectors increfise the luminous effect of a lamp 
about 4*0 times ; this is the “ catoprio ” system of lighting. When reflectors ore 
used, there is a certain quantity of light lost, and the u dioptric” or refracting system, 
invented by tho late M. Augustin Fresnel in 1822 is designed to obviate this effect to 
some extent: the “ catadioptric ” system is a still further improvement, and acts both 
by refraction and reflexion. Lights of the first order have an interior radius or focal 
distance of 86*22 inches, and are lighted by a lamp of four concentric wicks, con- 
suming 570 gallons of oil per annum. 

The appearance of light called short eclipses has hitherto been obtained by the 
following arrangement : — 

An apparatus for a fixed light being provided, composed of a central cylinder and 
two xones of catadioptric rings forming a cupola and lower part, a certain number of 
lenses are arranged at equal distances from each other, placed upon an exterior 
movable frame making its revolution around the apparatus in a given period. These 
lenses, composed of vertical prisms, are of the same altitude as the cylinder, and the 
radius of their curves is in ^opposite directions to those of the cylinder, in such a 
manner that at their passage the* converge into a parallel pencil of light, all the 
divergent rays emitted honsontuly from the cylinder producing a brilliant effect, 
like that obtained by the use of annular lenses at the revolving lighthouses. 

Before proceeding with the description of the lenses, the following notices may be of 
interest: — 

The Eddystone Lighthouse 94 miles from the Rame Head, on the coast of Corn- 
wall, was erected of timber by ninstanley in 1696-98, and was washed away in 

8x2 



870 


LIGNITE. 


depending for its breadth on the extent of the horisontal angle embraced by the eye. 
This arrangement therefore folfils all the conditions of a fixed light, and aarpasKs in 
effect any arrangement of parabolic reflectors. In order to save the light which would 
be lost in passing above and below the cylindrical belt, curved mirrors with their 
common focus in the lamp were formerly used j but by the present engineer, the 
adaptation tit catadioptric sones to this part of the apparatus was, after much labour, 
successfully carried oufc> These sones are triangular, and act by total reflexion, the 
inner free rrfractiQg, the second t o t al ly reflecting, and the third or outer free, a second 
time refracting, so us to cause the light to emerge horizontally. The apparatus has 
received many smaller changes by the introd option of a new mode of grouping the 
various parts of the frame work, by which the passage of the light is less obscured in 
every asimuth. 

Mechanical lamps of four wicks, are used in these lighthouses; in thgse the oil is 
kept continually overflowing by means of pumps which raise it from the cistern below ; 
thus the rapid carbonisation of the wicks, which would be caused by the great heat, 
is avoided. The flames of the lamp reach their best effect in three hours after light- 
ing, i e. after the whole of the oil in the cistern, by passing and repasqmg over the 
wicks repeatedly, has reached its maximum temperature. After this thenmp often 
burns 14 hours without sensible diminution of the light, and then rapidly foils. The 
height varies from 16 to 20 times that of the argand flame of an inch in diameter ; 
and the quantity of oil consumed by it is greater nearly in the same proportion. 

In Stevenson's ordinary parabolic reflector, rendered holophotal (where the entire 
light is parallelised) by a portion of a catadioptric annular lens, the back part of the 
parabolic conoid is cut off, and a portion of a spherical mirror substituted, so as to 
send the rays again through the flame ; while his holophotal catadioptric annular lens 
apparatus is a combination of a hemispherical mirror and a lens having totally-reflect- 
ing sones ; the peculiarity of this arrangement is, that the catadioptric sones, instead of 
transmitting the light in parallel horisontal plates, as in Fresnel's apparatus, produces, 
as it were, an extension of the lenticular or quaquaversal action of the central lens by 
assembling the light around its axis in the form of concentric hollow cylinders. 

Mr. Chance, of Birmingham, constructed a lighthouse which may be regarded as 
Fresnel's revolving light rendered holophotal. This arrangement was divided into 
three compartments, the npper and lower of which were composed respectively of 
thirteen and six catadioptric sones which produce the vertical strip of light extending 
the whole length of the apparatus, and is rimilar to Fresnel's dioptric light The 
central or catoptric compartment consisted of eight lenses of three feet focal length, 
each of which was the centre of a series of eleven concentric prismatic rings, designed 
to produce the same refractive effect as a solid lens of equal sise. These compound 
lenses were mounted upon a revolving frame and transmitted horisontal flashes of light 
as they successively rotated. The motion was communicated to the frame by a clock 
movement, and performs one revolution in four minutes ; consequently, as there are 
eight lenses, a flash of light is transmitted every thirty seconds to the horison. 

LIGNEOUS MATTER is vegetable fibre. See Fibre Vegetable. 
a LIGNITE. Under Brown Coal, Loghead Coal, and Coal, the characteristics of 
lignite have already received attention, therefore little further need be sai^* The 
term lignite should be confined to fossil wood, or, still more correctly to wood which 
has undergone one of the changes leading towards the production of coal If wood is 
buried in moist earth there is the production of carbonic acid from the elements of Ihe 
wood, and the wood is changed into either lignite or brown coal Lignite and coal 
dilifer chemically from each other. Lignite yields by dry distillation acetic acid and 
acetate of ammonia, whereas coal produces only an ammoniacal liquor. (Kremers.) 
Woody fibre gives rise to acetic acid ; therefore, lignite must still contain undccomposed 
woody fibre. The following table gives the composition of several well known 
lignites. 
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In Prussia, Austria, and many other parts of the continent, lignite forms a very 
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important product, being largely employed for domestic and for manultoturing 
purposes. In this country, with the single exception of the Bovey Heathfield formation, 
which is used in the adjoining pottery, lignite is not employed. 

LIGNUM-VITJB, or Qvaiacum (Ghtatacum qgkinale and G. sanctum), a very 
hard and heavy wood. The fibrous structure of this wood is very remarkable ; the 
fibres cross eaeh other sometimes as (Miquely as at an angle of 30 degrees with the 
axis, as if cue group of the annual layers wound to the right Jhe next to the left and 
so on, with any exactitude. The wood can hardly be split, ins therefore divided by 
the saw. Lignum-vita is much used in machinery for rollers, presses, mills, &o, and 
for pestles and mortars, sheen for slip’s blocks, skittle balls, and a great variety of 
other works requiring hardness and strength. 

Hie gum guaiacum of the apothecary is extracted from this wood. 

LILAOsDyE. See Calico-printing, Dyeing, and Aniline. 

LIMA WOOD. See Brazil Wood. 

LIME. The Citrus lametta, yielding th# lime Juice so much esteemed for 
flavouring sherbet, punch, &c. 

LIME. Ctuickime, an Oxide of Calcium. This useful substance is prepared by 
burning dfrcareous stones in kilns or furnaces. • 

Limestone used to be calcined in a very rode kiln, formed by inclosing a circular 
space of 10 or 15 foot diameter, by rude stone walls 4 or 5 feet high, and filling 
the cylindrical cavity with alternate layers of turf or coal and limestone broken 
into moderate pieces. A bed of brushwood was usually placed at the bottom, to 
focilitate the kindling of the kiln. Whenever the combustion was fairly commenced, 
the top, piled into a conical form, was covered in with sods, to render the calci- 
nation slow and regular. This method being found relatively inconvenient and 
ineffectual, was succeeded by a permanent kiln built of stones or brickwork, in the 
shape of a truncated cone with tlfb narrow end undermost, and closed at bottom by 
au iron grate. Into this kiln, the fuel and limestone were introduced at the top in 
alternate layers, beginning of course with the former ; and the charge was either 
allowed .to burn out, when the layer was altogether removed at a door near the bottom, 
or the kiln was successively fed with fresh materials, in alternate beds, as the former 
supply sunk down by the calcination, while the thoroughly burnt lime at the bottom 
was successively raked out by a side door immediately above the grate. The interior 
of the lime kiln has been changed of late years from the conical to the elliptical form, 
and probably the best is that of an egg placed with its narrow end undermost, and 
truncated both above and below \ the ground plot or bottom of the kiln being com- 
pressed so as to give an elliptical section, with an eye or draft-hole towards each end 
of that ellipse. A kiln thus arched in above gives a reverberatory heat to the upixr 
materials, and also favours their falling freely down in proportion as the finished 
lime is raked out below i advantages which the conical form does not afford. The 
sise of the draft-holes for extracting the quicklime, should be proportionate to the sise 
of the kiln, in order to admit a sufficient current of air to ascend with the smoke and 
flame, which is found to facilitate the extrication of the carbonic acid. The kilns are 
called per/wtual, because the operation is carried on continuously as long as the build- 
ing lags t and draw-kiltie, from the mode of discharging them by raking out the lime 
into carts placed against the draft-holes. Three bushels of calcined limestone, or 
lime-sheila, are produced on an average for every bushel of coals consumed. Such 
kilAs should be built up against the face of a cliff; so that easy access may be gained 
to the mouth for charging, by making a sloping cart road to the top of the bank. 

Fige. 1134,1135, 1136, 1 137 represent the fme-kiln of Rddersdorf near Berlin, upon the 
continuous plan, excellently constructed for economising fuel It is triple, and yields a 
threefold product Fig 1 136 is a view of it as seen from above ; fig . 1 137, the elevation 
and general appearance of one side ; fig. 1 134, a vertical section, andjfy. 1135, the ground 
plan in the line abcd of fig. 1 134. The inner shaftjfy. 11SG, has theform of two trun- 
cated cones, with their larger circular ends applied to each other; it has the greatest 
width at the level of the fire-door b , where it is 8 feet in diameter ; it is narrower below, 
at the discharge door, and at the top orifice, where it is about 6 feet in diameter. The 
interior wall a, of the upper shaft is built with hewn stones to the height of 88 feet, 
and below that for 85 fegt, with fire-bricks df <f, laid stepwise. This inner wall is 
surrounded with a mantle e, of limestone, but between the two there is a small vacant 
space of a few inches filled withsashes, in order to allow of the expansion of the interior 
with heat taking place without shattering the mass of the building. 

The fire-grate, 5, consists of fire-tiles, which at the middle, where the single pieces 
press together, lie upon an arched support,/! The fire-door is also arched, and is secured 
vy fire-tiles, g is the iron door in front of that orifioe. The tiles which form the grate 
have 3 or 4 slits of an inch wide for admitting the air, which enters through the canal A 
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The under pert of the shift from the fire to the hearth is 7 feet, and the outer eneloiing 
wall is constructed of limestone, the lining being of fire-bricks. Here ere the- ash* 
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pit i, the discharge outlet a, and the canal A, in front of the outlet Each ash-pit is 
shut with an iron door, which is opened only when the space i becomes filled with 
ashes. These indeed are allowed to remain till they get cool enough to be removed 
without inconvenience. • 

The discharge outlets are also fhnyshed with iron doors, which are opened only for 
taking out the lime, and are carefully luted with loam during the burning. The outer 
walls 7 m n of the kiln, are not essentially necessary, but convenient because they afford 
room for the lime to lie in the lower floor, and the fuel in the second. The several 
stories are formed of groined arches o, and platforms p, covered over with limestone 
slabs. In the third and fourth stories the workmen lodge at night See Jig. 1 187. Some 
enter their apartments by the upper door q j others by the lower door a. r is one of 
the chimneys for the several fireplaces of the workmen. /, u, v are stairs. 

As the limestone is introduced at top, the mouth of the kiln is surrounded with a 
strong iron balustrade to prevent the danger of the people tumbling in. The platform 
is laid with rails ao, for the waggons of limestone, drawn by horses, to run upon, x is 
another railway, leading to another kiln. Such kilns are named after the number of 
their fire-doors, single, twofold, threefold, fourfold, fro. ; from three to five being the 
most usual. The outer form of the kiln also is determined by the number of the 
furnaces i being a truncated pyramid of equal sides ; and in the middle of each alternate 
side there is a fireplace, and a discharge outlet A cubic fopt of limestone requires for 
burning, one and five-twelfths of a cubic foot of wood, and one and a half of turfi 
When th# kiln is to be set in action, it is filled withtrough limestones, to the height 
c n, or to the level of the firing i a wood fire is kindled in a, and kept up till the lime 
is calcined. Upon this mass of quicklime, a fresh quantity of limestones is introduced, 
not thrown in at the mouth, but letdown in buckets, till the kiln is quite foil* while 
oyer the top a cone of limestones is piled up, about 4 feet high. A turf-fire is now* 
kindled in the fomsccs 6. Whenever the upper stones are well calcined, the lime 
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under the fire-level Is taken oat, the superior column Ml* in, a new cone is piled up, 
and the process goes on thus without interruption, and without the necessity of once, 
patting a fire into a i for in the space o b, the lime must be always well calcined. The 
discharge of lime takes place every IS hours, and it amounts at etoch time in a three- 
fold kiln, to from SO to S4 Prussian tonne s of 6 imperial bushels each ; or to 130 bushels 
imperial upon the average. • It is found by experience that fresh-broken limestone, 
which contains a little moisture, calcines more readily than what has been dried by 
exposure for sopie time to the air ; in consequence of the v^our of water promoting 
the escape of the carbonic acid gas ; a foot well exemplified m drilling essential oils, 
os oil of turpentine and naphtha, which come over with the steam of water at upwards 
of 100° Fahr. below their nataral*term of ebullition. Six bushels of Bfidersdorf 
quicklime weigh from S80 to 306 pounds. 

Anhydrous Time, or, as it is commonly called “ quicklime” is an amorphous solid, 
varying much in coherence, according to the kind of rock from which it is obtained; 
its specific gravity varies from 2-3 to 3. I^me is one of the most infusible bodies 
which we possess ; it resists the highest heats of our furnaces. 

Whe n ex posed to air, quicklime rapidly absorbs water and crumbles into a powder, 
connnoif£\nown as diked lime, which is a hydrate of liiHL 

Hydrate of lime when exposed to the air absorbs carbonic acid, and after long ex- 
posure it is converted into a mixture of carbonate of lime and hydrate of lime in single 
equivalents. Hydrate of lime is but slightly soluble in water, 729 to 783 parts of that 
fluid dissolving only 1 part of the lime at ordinary temperatures. 

Hydrate of lime is applied to numerous purposes in the arts and manufactures. It 
is chiefly employed in the preparation of mortar for building purposes. See Mortar. 

The pure limes, prepared from the carbonates of lime, form an imperfect mortar 
suitable only for dry situations. In damp buildings or in wet situations they never 
set (as the process of hardening ft technically termed), but always remain in a pulpy 
state. General Pasley says, “ The unfitness of pure lime for the purposes of hydraulic 
architecture has been proved by several striking circumstances that have come under 
my personal observation, of which I shall only mention a few. First, a great portion 
of the boundary wall of Rochester Castle having been completely undermined, nearly 
throughout its whole thickness, which was considerable, whilst the upper part of the 
same wall was left standing, I had always ascribed this remarkable breach to violence, 
considering it as having been the act of persons intending to destroy the wall for the 
sake of the stone ; but on examining it more accurately after I hod begun to study 
the subject of limes and cements, I observed that the whole of the breached part was 
washed by the Medway at high water, and that all the mortar of a small portion of 
the back part of the foot of the wall still left standing was quite soft, bnt that towards 
the ordinary high water level it became a little harder, and above that level it was 
perfectly sound. I observed the same process at the outer wall of Cockham Wood 
-Fort, on the left bank of the Medway below Chatham, of which the upper part was 
standing, whilst the lower part of it* had been gradually ruined by the action of the 
river at high water destroying the mortar.” 

Obervatione on limes , calcareous cements , Av. -y The peculiar conditions necessary to 
insure a good and useful mortar for building purposes, and the peculiarities of the 
hydraulic mortars or cements are treated of under Hydracuc Cements and 
Mortar. 

LIMESTONE. ( Calcaire, Fr ; Kalkstcin, Germ.) A great variety of rocks contain 
a sufficient quantity of lime in combination to be called limestones. 

Chalk is an earthy massive opaque variety, usually soft and without lustre, and may 
be regarded as a tolerably pure carbonate of lime. Carbonate of lime dissolves in 1000 
parts of water charged with carbonic acid. ( Bischof. ) Fresenius states that it dissolves 
m 8884 parts of boiling water and in 10,601 parte of water at ordinary temperatures. 

Carbonate of lime is found in nature more or less pure, both crystallised perfectly, 
ns in calespar and aragonite imperfectly ; as in granular limestone ; and in compact 
masses, as in common limestone, chalk, &c. 

Stahctitic carbonate of time , frequently called concretionary limestone, is formed by 
the infiltration of water through rocks containing lime, which is dissolved out, and as 
it slowly percolates the rqpks into cavernous openings, the water parte with its carbo- 
nate of lime, which is deposited in cones more or less undulated, which have a fibrous 
structure from the crystalline character of the concretionary lime. The long fibrous 
pieces called stalactites show those fibres very bcautiftdly. The stratiform masses 
called stalagmites exhibit a similar structure, varied only by the conditions under 
which they are formed. A very remarkable stalagmitic limestone found in Egypt is 
dtnown as oriental alabaster. 

True Alabaster is a sulphate of lime (see Alabaster), bnt the stalagmitic carbonate 
is not unfrequently called by this name. 

Tnr rusting concretionary limestones differ but little from theabove. They are deposits 
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from calcareous springs which are common in some parts of Derbyshire, Yorkshire, 
f and other places. It is a common practice to place vegetable substances in those 
springs { they then become incnsted with carbonate of lime, and are sold as petri&e- 
, turns, which they are not In volcanic districts many very remarkable springs of 
this character exist One of the most remarkable is at the baths of San Fuippo 
in Toaeany, where the water flows in almost s boiling hate ; carbonate of lime here 
appears to be held in solution by sulphuretted hydrogen, which flies off when the 
water issues to dnj. Dr. Yegny has taken advantage of this pr op erty of the spring 
to obtain basso-relievo figures of great whiteness and solidity by occasioning the lime 
to deposit in sulphur moulds. r 

Agaric mineral. Spongy limestone, Sock milk, is found at the bottom of and about 
lakes whose waters are impregnated with lime. The calcareous tufa at Derbyshire 
is of this character; it may be studied in every stage of formation. f • 

Travertine, which served to construct most of the monuments in ancient Borne, ap- 
pears to have been formed by the deposits of the Anio and the Soifktara of Tivoli. 
The temples of Pastum, which are of extreme antiquity, have been built with a traver- 
tine, formed by the waters which still flow in this territory. 

Compact limestone has a Compact texture, usually an even airface of fnftfc&re, and 
dull shades of colour. 

Granular limestone includes common statuary and architectural marble, and has a 
texture something like loaf-sugar. (See MabbuL) Under those two heads are 
grouped a great number of varieties. 

Oolite or roe stone consists of spherical grains of various sixes, from a millet seed 
to a pea or even an egg. 

Coarse grained limestone. Coarse lias has been referred to this head. 

Marin limestone. Lake and fresh-water limestone formation, texture fine grained, 
more or less dense j apt to crumble down in the aft ; colour white or gale yellow ; 
fracture rough grained, somewhat conchoidal j somewhat tenacious. Texture occa- 
sionally cavernous, with cylindrical winding cavities. This true limestone must not 
be confounded with lime marl, which is composed of calcareous matter and day. 

Siliceous limestone. A combination of silica and carbonate of lime, varying very much 
in the proportions and sometimes passing from cherty limestone into chert It scratches 
steel, and leaves a siliceous residuum after the action of muriatic acid. 

Stinkstone or Swinestone. A carbonate of lime combined with sulphur and organic 
matter. It emits the smell of sulphuretted hydrogen by a blow or by friction. It 
occurs at Assynt, in Sntherlandshire, in Derbyshire, and some parts of Ireland. 

Bituminous limestone. Limestone containing various hydrocarbon compounds, dif- 
fusing by the action of fire a bituminous odour, and becoming white when burnt 

Limestones of whatsoever kind may be referred to deposition effected by chemical 
change. The immense lapse of time required to form the great limestone ranges of 
this country can scarcely be estimated. Professor Phillips has the following remarks 
on this : — 


14 It is certain that while the sandstones, shafcs, coals, and thin oditio limestones of 
the North York moors were deposited, upon the lias, a deposit almost wholly calcare- 
ous was occasioned near Bath. The whole time consumed was the same in each 
locality. We may, therefore, perhaps infer the comparative rate of deposition A the 
oolite and the sandstones. The total thickness of the mass in Yorkshire is about 
760 feet, of which about SO may be called limestone; of that near Bath 480, of 
which nearly half is sand and day with calcareous matter interspersed. Hence we 
have the proportion of three feet of sandstone deposited in the same time as one of 
limestone. Another instance is afforded by comparing the section! of the lower 
carboniferous limestone in Derbyshire and in Tynedale. In the former tract we may 
take 760 feet as the thickness of limestone, with no admixture of sands or clays ; in 
the latter ; the contemporaneous strata are at least 1 ,760 feet thick, and contain 367 feet 
of limestone, and 1,288 feet of sands and days, &c. j consequently, 383 of limestone 
correspond in time to 1,283 of sand, days, and coal, or 1 to 8 8.” 

The formation of limestone under different circumstances is an interesting study. 
Some of our great limestone formations indicate a marine, while others very clearly 
show a fresh water origin. Mr. Jukes, in his Student's Manual of Geology , says : 

11 The marine depositions cf carbonate of lime now taking place are Best studied in 
coral reefe. In almost all tropical seal incrusting patches or small banks of living 
coral are to be found along the shores, wherever they consist of hard rock and the 
water is quite dear. In the Indian and Pacific Oceans, however, fkr away from any 
land, huge masses of coral rock rise up from vast and unknown depths, just to the 
levd of low water. These masses are often unbroken for many milee in length and*, 
breadth ; and groupe of such masses, separated by small intervals, occur over spaces 
som et imes 400 or 600 miles long by 60 or 60 in width. The barrier reef along the 
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north-east coast of Australia is composed of a chain of such masses, and is more thai 
1000 miles long, from 10 to 00 miles in width, and rises at its seaward edge fron 
depths which in same places certainly exceed 1800 fleet These reef masses consis 
of living corals only at their upper and outer surface, all the interior is composed o 
dead corals and shells, either whole or in fragments, and the calcareous portions o. 
other marine animals. The interstice! of the mass are filled np and compacted toge- 
ther by calcareous sand and mud, derived from the waste ^md ddbris, the wear and 
tear of the conds and shells, and by countless myriads of minute organisms, mostly 
calcareous also. The surface of a reef when exposed at low water is composed of 
solid looking stone, which is often capable of being split np and lifted in slabs, bearing 
no small resemblance to some of our oldest limestones. .... Guided by these 
lhets and observations we may form tolerably accurate notions of the mode of origin 
of all 08 % marine limestones, and attribnte to them an organic-chemical origin, 
taking into account, at the same time, how easily they may have been subsequently 
altered in texture by the metaxnorphic actien either of water or heat" Dr. Lyon 
Playfair suggests two additional modes by which a chemical precipitation of carbonate 
of lime nuahtin some places be formed on the bottom of the seas. He says most rivers 
contain wall quantitie#of silicate of potash; and when thn is carried into the sea, some 
of the carbonic acid contained therein may unite with the potash, thus rendering pos- 
sible a precipitation of carbonate of lime in a solid form, and also of silica. Marine 
vegetables also, like terrestrial vegetation, require carbonic acid, and, by extracting 
it from sea water, may reduce the amount in particular localities below that which is 
necessary to keep all the carbonate of lime in a fluid state, and thus render a solid 
precipitation of that substance possible. — De la Beche. 

“ Limestones," says Mr. Jukes, 11 may be hard or soft, compact, concretionary, or 
crystalline, consisting of pure carbonate of lime or containing silica, alumina, iron, 
&c., cither as mechanical admixtures or as chemical deposits along with it. Different 
varieties of limestone occur in different localities, both geographical and geological, 
peculiar forms of it being often confined to particular geological formations over wide 
areas, so that it is much more frequently possible to say what geological formation a 
specimen was derived from, by the examination of its lithological characters, in the 
case of limestone than in that of any other rock. Compact limestone is a hard smooth 
fine-grained rock, Generally bluish-grey, but sometimes yellow, black, red, white or 
mottled. It has either a dull earthy fracture or a sharp splintery and conclioidal one. 
It will frequently take a polish, and when the colonr is a pleasing one is used as an 
ornamental marble. Crystalline limestone may be either coarse or fine-grained, vary - 
mg from a rough granular rock of various colours to a pure white fine-grained one, 
resembling loaf-sugar in texture. This latter variety is sometimes called saccharine , 
sometimes statuary marble, ." 

Oolitic limestone includes Bath stone, Portland stone, and Caen stone. 

Pisolite is a variety of oolite, in which the concretions become as large as peas. 

Nummvlitic limestone, Clymenia, Crinoidal limestones are so called from the fossils 
which the rock contains. * 

Shell limestone or muschdkalk has its name irt the same way from its composition. 

Qupolino is a granular limestone containing mica. 

Majolica, a white and compact limestone. 

Scaglia, a red limestone in the Alps. See Hydraulic Cement and Marble. 

LIMESTONE, MAGNESIAN, see Dolomite (Dolomie. Ft.; BiUerhttlh, TaUutpath , 
Germ.), is a mineral which crystallises in the rhorabohedral system. Sjiec. grav. 2*88 ; 
scratches calc-spar ; docs not fall spontaneously into powder when calcined, as com- 
mon limestone does. It consists of 1 prime equivalent of carbonate of lime— 50, 
associated with 1 of carbonate of magnesia— 42. 

Massine magnesian limestone , is yellowish-brown, cream-yellow, and yellowish-grey; 
brittle. It dissolves slowly and with feeble effervescence in dilute muriatic acid ; 
whence it is called Calcairelent dolomie t by the French mineralogists. Specific gravity 
2-6 to 2-7. 

Near Sunderland, it is found in flexible slabs. The principal range of hills com- 
posing this geological formation in England, extends from Sunderland on the north- 
east coast to Nottingham! and its beds are described as being about 800 feet thick on 
the east of the coal field in Derbyshire, which is near its southern extremity. — H.W. B. 

LIME TREE ( TUia Europea). The well-known linden tree, common to all Europe, 
The wood is very light-coloured, fine and close iu the grain, and when properly 
seasoned, not liable to warp. It is much used in the manufacture of piano fortes and 
harps. It is made into cutting boards for curriers, shoemakers, &c., as it does not 
•turn the knife in any direction of the grain, nor injure the edge. 

Lime tree wood is especially useful far carving, from its even texture and freedom 
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from knota. The beautiful works of Gibbons at Hampton Court, at Windsor, and at 
^Jhatsworth, are executed in lime tree wood. 

The no leas beantifbl works of oar celebrated living wood carver, Rogers, are 
c executed in this wood. 

L1MOGE WARE. See Pottery. 

LIMONITE. A name for several varieties of iron ore, snob as the brown haema- 
tite and iron ore. r There is much difficulty in distinguishing the various 
kinds of iron ore, they shade so gradually one into the other ; but itds clearly a very 
unscientific mode or proceeding to group things unlike each other under a common 
name. t 

LIN8EYS, sometimes called linsey-woolsey ; being a combination of flax and wool, 
which are woven into coarse doth, usually employed to clothe those who are entirely 
dependent on public charity. , • 

LINEN. See Flax. and Textile Fabrics. 

Linen distinguished from cotton. Cotton may be distinguished from linen or flax by 
immersing the former, well washed and dried, for about a minute in strong sulphuric 
acid. It is then to be withdrawn and washed with water containing a ltitle alkali 
The cotton will dissolve as a gummy mass, while the .linen Will retain l&vthready 
texture. 


The manufacture of linens is carried on extensively in the north of Ireland, and on 
the continent in Bohemia, Moravia, Silesia, and Galicia. Of the entire production, 
independent of the Irish linen, about five- twelfths are brought into the market, and of 
this quantity the bulk must be of domestic manufacture, since few great linen manu- 
factories exist in Austria. Within the Austrian dominions, among the linen fabrics, 
table-cloths and napkins, veils, cambrics, dimities, twills, and drills are important 
articles. In the next rank we must place the manufacture of thread, especially in 
Bohemia, Moravia,* and Lombardy. The tape manufocture is of less consequence j 
and as to the business of dyeing and printing, that has been almost entirely absorbed 
by the cotton manufacture, and Is now in requisition for thread and handkerchiefs 
only. 

As the loss resulting from the processes of weaving, bleaching, Ac. is estimated at about 
10 percent, the net aggregate of these manufactures of linen, thread, &c., may be assumed 
RN say* 1,087,000 cwt ; of which quantity about 450,000 cwt. come 4nto the market, the 
rest being absorbed by domestic consumption. Since, upon an average of the five years from 
1848 to 1847, there appear to have been imported from abroad only 242 owt. whereas the 
average of exports for the same period shows 42,609 cwt, it follows that there remained 
for home consumption about 1,000,000 owt Thus, on a population of 88,000,000 of 
persons, about 2] lbs. would foil to the share of each ; but this estimate foils much below 
the truth, when we consider that the national costume in Hungary and Galicia requires 
more than double the quantity we have allowed for. In foct the crop of flax is esti- 
mated to be 10 per cent higher than is given in the official reports ; but the consump- 
tion of even 8 lbs. per head, which would thus result, is yet smaller than in reality it 
must be. In the imperial army of Austria the (fhantity used up annually by each man 
averages more than 7 lbs. < 

In the above statistics of the manufacture of linen goods no allowance has been yxade 
for the extensive production of rope work and the like. 

From the article Flax, reference has been made to this article for available in- 
formation in the statistics of the production of the raw material and of the finished 
article in this country. The following ample tables will ftilly act forth the value 
of this important manufacture. 

After the information already conveyed to the reader in the article Flax, what 
has been said with regard to Cotton Manufacture, and the additional matter in the 
article Textile Fabrics, it does not appear necessary to say anything more on the 
subject of linen manufacture. 

The linen manufacture, which was substituted in Ireland for the woollen, after 
flourishing for many yean, chiefly in Ulster, also declined ; but it has greatly revived, 
in consequence of the application of machinery to the spinning of yarn, and the 
introduction of the power loom in weaving. The exports of linen yams and linen 
manufoctures from Ireland to Great Britain and foreign countries was, in 1862, 
6,292,0001 ; in 1868, 8,084,000/. ; and in 1864, 10,827,0001 The number of spindles in 
operation in Ireland for spinning flax, in 1864, was 761,660, and 200,000 persons were 
employed in connexion with the trade. In the same year there were 42 factories, 
with 8,187 power looms, nearly the whole of which were employed. The estimated 
quantity of flax grown in Ireland in the seven years ending 1864 was 217,897 tons, 
or on an average 80,985 tons per annum; this was produced from 801,693 acres of to 
hind, chiefly in Ulster. 
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Import* iff Flax in 1863 and 1864. 


Linen and Flu Import! 

ISO. 

1864. 


Computed 
real value. 

Cuts. 

f- 

Computed 
real value. 

Flax 

Dressed, 

From Russia - 
Hamburg - 

• Holland - - - 

Belgium ... 
Egypt - - - 

France - 
^pther parts 

Rough or undressed. 

From Russia ... 

Prussia ... 
Holland - 
Belgium - 
Hamburg • 

Fiance - 
Egypt - - • 

Other parts 

Tow or Codilla of Flax 

From Russia ... 

Prussia - 
Hamburg ■ 

Bremen - 
Holland - 
Belgium - 
France 

Schleswig and Holstein 
United States— North 
Atlantic Ports 
Other parts 

Linen yam : — 
sFrom Russia ... 
Hanover ... 
Hamburg - - - 

Bremen ... 
Holland - - - 

Belgium ... 
France - - - 

Other parts 

Linen Manufactures : Cambrics 
and French Lawns, including 
Bordered Handkerchief^ 

From France - 

Other parts • - 

Damask and Damask Diaper: — 
From Russia . - - 

Hamburg ... 
France - 

Other parts 

9 28,841 
1,882 
26,836 
2,552 
1,93* 

650 

80,683 

6,405 

180,288 

13,247 

5,502 

2,535 

24,500 

2,026 

22,812 

5,556 

1,237 

1,451 

314 

80,001 

6,787 

108,622 

26,691 

4,095 

6,978 

1,039 

57,648 

238,6 ft 

57,896 

284,163 

843,224 

72,104 

90,354 

110,364 

85,594 

11,924 

1,515 

2,265,692 

186,852 

874,829 

456,013 

146,871 

27,281 

4,586 

'8,462,124 

1,141,592 

86,479 

130,835 

115,220 

2,291 

23,038 

3,580 

1,685 

3,047,595 

228,017 

524,861 

474,949 

6,101 

95,388 

8,886 

4,293 

1,165,079 

1,504,720 

4,385,040 

148.892 

6,122 

13,131 

2,924 

18,681 

33,116 

12,680 

689 

333,947 

15,601 

32,083 

6,532 

51,723 

93,353 

35,526 

1,560 

185,090 

6,462 

16,093 

1,444 

21,858 

35,248 

8,704 

968 

5,056 
. 908 

463,592 
12,295 
87,100 
3,532 
58, 800 
97,129 
24,830 
2,302 

12,609 

2,161 

236,235 

570,325 

280,331 

703,850 

lb«. • 

293,378 

260,178 

3,413,014 

30,541 

10,972 

23,236 

109,078 

2,034 

lb,. 

175,529 

18,788 

31,734 

21,311 

245,384 

69,224 

1,475,570 

8,412 

3,606 

1,708 

8,954 

766 

18,015 

9,443 

109,680 

217 

8,997,106 

145,320 

2,040,952 

142,449 

square yards. 
55,757 
1,975 

9,063 

320 

square yards. 
45,389 
632 

7,878 

108 

57,782 

9,883 

46,021 

7,477 

4,088 

1,000 

259 

614 

150 

39 

1,200 

8,354 

2,000 

849 

180 

504 

300 

52 


5,347 

803 

6,908 

1,086 
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LINSEED OIL. 



LINSEED. ( Grain e de lin, Fr. ; Leinsame, Germ.) The seed of the flax, Ltnum 
UritatiuimuM, which is indigenons to oar islands, and is cultivated extensively in this 
and other countries for its seed, and for flax. Linseed contains in its dry state, 1 1*265 
of oil ; 0 146 of wax ; 2*4808 of a soft resin ; 0*550 of a colouring resinous matter j 
0*926 of a yellowish substance analogous to tannin ; 6 *154 of gum ; 15*12 of vegetable 
mucilage ; 1-48 of starch ; 2*932 of gluten j 2*782 of albumine ; 00*884 of saccharine 
extractive ; 44*382 of envelopes, including some vegetable mucilage. It contains also 
free acetic acid ; some acetate, sulphate, and muriate of potash, phosphate and sulphate 
of lime i phosphate of magnesia ; and silica. 

LINSEED OIL is obtained from linseed by first bruising the seeds, grinding them, 
and subjecting them to violent pressure, either by means of wedges, or of the hydraulic 
or screw press. Cold drawn linseed oil is obtained cold, and is paler coloured, less 
odorous, and has less taste than that which is obtained when heat is applied. 

It is usual to employ a steam heat of about 200° Fahr. By cold expression the seeds 
yield about 20 per cent, while by the aid of heat nearly 27 per cent of oil can be 
obtained. The ultimate composition of linseed* oil is carbon 76*014, hydrogen 11 *351, 
and oxygen 12*635 ; its proximate constituents being oleic and maTgaric acids, and 
glycerine. Linseed oil is much used as a vehicle for colours by the painter.* If 
linseed oil is exposed in a thin coat to the air it absorbs oxygen and becomes tenacious, 
and in many respects like caoutchouc : upon this property mainly depends its use in 
the arts. To secure this more readily a drying process is adopted, which must be 
described. 

When linseed oil is carefully agitated with acetate of lead (tribasic acetate of lead), 
and the mixture allowed to clear by settling, a copious white cloudy precipitate forms, 
containing oxide of lead, whilst the raw ou is converted into a drying oil of a pale 
straw colour, forming an excellent varnish, which, when applied in thin layers, dries 
perfectly in twenty-four hours. It contains from four to five per cenk of oxide of 
lead in solution. The following proportions appear to be the most advantageous for 
its preparation. 

In a bottle containing 4} pints of rain water, 18 ounces of neutral acetate of lead are 
placed, and when the solution is complete, 18 ounces of litharge in a very fine powder 
are added \ the whole is then allowed to stand in a moderately warm place, frequently 
agitating it to assist the solution of the litharge. This solution may be considered as com- 
plete when no more small scales are apparent The deposit of a shining white colour 
(sexbssio acetate of lead) may be separated by filtration. This conversion of the 
neutral acetate of lead into vinegar of lead, by means of litharge and water, is effected 
in about a quarter of an boor, if the mixture be heated to ebullition. When heat is 
not applied, the process will usually take three or four days. The solution of vinegar of 
lead, or tribasic acetate of lead, thus formed, is sufficient for the preparation of 22 lbs. 
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of drying oiL For this purpose, the solution is dilated with an equal Yolnme of rain 
water, and to it is gradually added, with constant agitation, S3 lbs. of oU, with which 
18 ounces of litharge have previously been mined. 

When the points of contact between the lead solution and the oil have been fre- 
quently renewed by agitation of the mixture three or four times a day, and the mixture 
allowed to settle in a warm place, the limpid straw-coloured oil rises to the surface, 
leaving a copious whitish deposit, lie watery solution rendered clear by filtration, 
contains intact all the acetate of lead first employed, and my be used in the next 
operation, afterthe addition to it as before of 18 ounces of litharge. 

By filtration through paper or cotton the oil may be obtained as limpid as water, 
and by exposure to the light of the sun it may also be bleached. 

Should a drying oil be required absolutely free from lead, it may be obtained by 
the addition of dilate sulphuric acid to the above, when, on being allowed to stand, 
a deposif of sulphate of lead will take place, and the clear oil may be obtained free 
from all trace of lead. 

Linseed oil was at one time much used in%he preparation of a liniment, which, as 
it is one of the very best possible applications to a burnt surface, cannot be too 
general^hnown. If equal parte of limewater and lineggd oil are agitated together, 
they form a thick licftnent, which may be applied to the bum with a brash or 
fbatl tier. It relieves at once from pain, and forming a pellicle, protects the abraded 
parts from the air. The linimenttun calcie of iho Pharmacopoeia is equal parts of 
limewater and olive oil ; this is a more elegant but a leu effective preparation. 
See Oil. 

LINT for Surgery , was formerly prepared by scraping np linen by the hand ; the 
preparation of it, however, has been mode the subject of a patent by Mr. Thomas Ross, 
which consists in the employment of peculiarly constructed scrapers for abrading the 
surface of the linen cloth, and producing a pile or nap upon it. The scrapers are 
worked by a rotary motion. 

Instead of rotary scrapers, a reciprocating pendulous movement is sometimes applied 
to a single scraper. Chisel-formed blades are claimed by the patentee as scrapers for 
raising the pile, by working with the bevel edges forwards, so as to scrape and not to 
cut the fabric. He has in the rotary form a ledge or bed concentric with the axis of 
the scraper, which he also claims ; both of which seem to be serviceable. Several 
kinds of lint-making machines are now employed, but as they all partake more or leu 
the above principles they do not require description. 

LIQUATION (Eng. and Fr.; Saigcrvng , Germ.) is the process of sweating out, 
by a regulated heat, from an alloy, a more easily fusible metal, from the interaticea of a 
metal, which ii more difficult of fusion. Lead and antimony are the metals most com- 
monly subjected to liquation : lead for the purpose of removing by its superior affinity 
the silver present in any complex alloy ; antimony as an easy means of separating it 
from its combinations in the ores. 

Figs. 1138, 1139, 1140, represent the celebrated antimonia! liquation furnaces of 
Maltose, in the department of Ard^che, in France. Fig. 1138, is a ground plan 
taken at the level of the draught hold g g,fig. 1139, and of the dotted line e r ; fiq. 
1139, ia a vertical section through the dotted line a B, of fig. 1138 ; and fig. 1 140, is 
a vesical section through the dotted line c D of fig. 1 138. In the three figures, the 
same letters denote like objects, a, b , c, are three grates upon the B&me level above 
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the floor of the works, 4} feet long, by 10} inches broad ; between which axe two 
rectangular galleries, de 9 which pau transversely through the whole fiirnace, and lie 
at a level of 18 inches above the ground. They are separated by two walls from 
The three fire places The walls have three openings, /, g t A, alternately placed 
for the flames to play through. The ends of these galleries are shat in with 



880 LIQUEUBS. 

iron doon i, t, containing peep-holes. In each gallery axe two conical cast-iron 
cradblea kk, into which the euquating snlphnret of antimony drops. Their height 

* is from IS to 14 inches ; the width of the month is 10 inches, that of the bottom 
is 6, and tiie thickness four-tenths of an inch. They are coated over with flre- 

* clay, to prevent the snlphnret from acting upon them ; and they stand upon cast- 
iron pedestals with projecting ears, to focilitgte their«removal from the gallery or 
platform. Both of these galleries are lined with tiles of fire-clay l ( which also serve 
as supports to the vertical liquation tabes m m, made of the same clay. The tiles are 
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somewhat curved towards the middle, for the purpose of receiving the lower ends of 
these tubes, and have a small hole at a, through which the liquid flulphuret flows down 
into the crucible. 

The liquation tnbes are conical, the internal diameter at top being 10 inches, at bot- 
tom 8 ; the length folly 40 inches, and the thickness six-tenths of an inch. They have 
at their lower ends notches or slits, o,Jig. 1140, from 3 to 5 inches long, which look out- 
wards, to make them accessible from the front and hack part of the furnaces throngh 
small conical openings p p, in the walls. These are closed during the operation with 
clay stoppers, and are opened only when the gangue, rubbish, and cinders are to be raked 
out The liquation tubes pass across the arch of the furnace g q, the apace of the arch 
being wider than the tubes ; they arc shut in at top with fire-covers r r. a *, the 
middle part of the arch, immediately under the middle grate, is barrel-shaped, so that 
both arches are abutted together. The flames, after playing round abont the aides of 
the liquation tubes, pass off through tfiree openings and flues into the chimney t, about 
13 feet high; «, being the one opening, and v, the two others, which are pnf.ided 
with register plates. In front of the furnace is a smoke flue to, to carry off the sulphu- 
reous vapours exhaled daring the clearing out of the rubbish and slag ; another, r, 
begins over y v, at the top of the tubes ; a wall z % separates the smoke flue into 
halves, so that the workmen upon the one side may not be incommoded by the ftimes 
of the other. This wall connects at the same time the front flue 10 with the chimney 
& a' o' and V If are iron and wooden bearer beams and rods for strengthening the 
smoke-flue, o' o' are arches upon both sides of the furnace, which become narrower 
from without inwards, and are closed with well fitted plates & <ff. They serve in 
particular circumstances to allow the interior to be inspected, and to see if either of 
the liquation fhrnaoes be out of order. Each tube is charged with 600 lbs. of anti- 
monial ore, previously wanned ; in a short time the snlphnret of antimony begins to 
flow off When the liquation ceases, the cinders are raked out by the side openings, 
and the tubes are charged afresh. The luted iron crucibles are allowed to become 
three-fourths foil, are then drawn out from the galleries, left to cool and emptied. 
The ingot weighs about 85 pounds. The average dotation of the tubes is 8 weeks. 
This plan is proved to be an exceedingly economical one. 

LIQUEURS^ LIQUORISTE. Names given by the French, and adopted into our 
language, to certain aromatic alcoholic cordials, and to the manufacturer of them. . 

Some liqueurs are prepared by infosing the woods, fruits, or flowers, in either wate^ 
or alcohol, and adding tnereto sugar and colouring matter. Others are distilled from" 
the flavouring agents. 
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Many of the liqueurs are of very compound character, aa the following recipes will 
•how. 


Martinique Noymu s — Put into a stone jar. 

Preserved guavas and their syrup, or the jelly of that fruit - 
Oil of sweet almonds •- 

Sweet almonds, beaten fine ------ 

Bitter - „ 

Preservedgiuger and its syrup * 

Cinnamon and cloves (braised) of each - 
Nutmeg and Pimento „ # „ .... 

Jamaica ginger „ ..... 

Candied lemon and citron, of each ----- 
WffitS sugar candy (powdered) ..... 
Proof spirit of wine - - § - 


lib. 
1 os. 

Ub. 


1 

s 


u 

5 quarts. 


Beat the oil with a little brandy, and mix it with the almonds, when beaten to a 
paste withssWmge flowei^water. Stop up the jar secure! y#*nd let it remain in a warm 
room, or id the sun, shaking it often, for a fortnight Keep it in the jar for twelve or 
fifteen months ; then strain it, and filter repeatedly until it is as clear as spring water. 
Rinse phials or half pint bottles, with any white wine, drain them and fill. Cork 
and seal well. In six months it will be fit for use, if required, hut will improve 
greatly by age. — Robinson. 

Tears of the Widow of Malabar . — To ten pounds of spirit (pale brandy), add 4 
pounds of white sugar, and 4 pints of water, adding 4 drachms of powdered oinnamon, 
48 grains of cloves, and the same quantity of mace ; colour with caramel 

The Sighs of Love. — Spirit, watet, and sugar as above. Perfume with otto of roses, 
and slightly colour with cochineal 

Absinthe. — Take of the tops of wormwood, 4 pounds, root of angelica, calamus 
aromaticas, aniseed, leaves of dittany, of each, 1 ox. ; alcohol, four gallons. 

Macerate these substances during eight days, add a little water, and distill by a 
gentle fire until two gallons are obtained. This is reduced to a proof spirit, and a 
few drops of the oil ofeaniseed added. 

These forms exemplify the character of all kinds of liqueurs. They are coloured 
yellow by the colouring matter of carthamus. Fawn is produced by caramel ; red , by 
cochineal ; violet, by litmus, or archil ; blue by the sulphate of indigo ; green, by mix- 
ing the blue and the yellow together. 

Ratafia, is the generic name, in France, of liquemrs compounded with alcohol, 
■ngar, and the odoriferons or flavouring principles of vegetables. Bruised cherries 
with their stones are infused in spirit of wine to make the ratafia of Grenoble de 
Teyes&re. The liquor being boiled and filtered, is flavoured, when cold, with spirit 
of noyeaM, made by distilling water off the braised bitter kernels of apricots, and 
mixing it with alcohol Syrup of bay Lvirel and galango are also added. 

LIQUID AMBAR. See Axbab, Liquid. 

LIQUORICE ( Glycyrrhiza Officinalis ; from (flybys, sweet, and rhixa, a root). The 
root oflfy is employed ; these roots are thick, long, and running deep in the ground. 

Besides the use of liquoric roots in medicine, they are also employed in brewing^ 
and are pretty extensively grown for these purposes in some parts of England. 
Liquorice requires a rich deep dry sandy soil, which, previous to formings new plan- 
tation, should be trenched to the depth of about three feet, and a liberal allowance of 
manure regularly mixed with the earth in trenching. The plants which are procured 
by slipping them from those in old plantations are, either in February or March, 
dibbled in rows three feet apart, and from eighteen inches to two feet in the row. 
They require three summers’ growth before being fit for use, when the roots are 
obtained by retrenching the whole, and they are then stored in sand for their preser- 
vation until required. — Peter Lawson. 

LITHARGE (Eng. and Fr.; OUUte, Germ.) is the fused yellow protoxide of lead, 
which on cooling passes into a mass consisting of small six-sided plates, of a reddish 
yellow colour and semitransparent, It generally contains more or less red lead, 
whence the variations of its colour, and carbonic acid, especially when it has been 
exposed to the air for some timet See Lsad and Silvxb, for its mods of preparation. 

LITHIA is a simple earthy or alkaline substance, discovered in the minerals 
called petalite and triphane. It Is white, very caustic, reddens litmus, and red 
cabbage, and saturates acids with great facility. When exposed to the air it attracts 
humidify and carbonic add. It is more soluble in water than baryta ; and has such 
a strong affinity for it as to be obtained only in the state of a hydrate. It forms 
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neutral Mite with all the add* It U moat remarkable fbr it* power of acting upon 
or ooiroding platinum. This earth it now need medicinally. 

9 The following interesting account of a new source of lithium is from the address of 
Sir Chariee LyeLl at the Bub meeting of the British Association. After stating that 
P ro fe ssor Roseoe of Manchester had detected the chloride of lithinm in the Bath 
waters, Sir C. Ljell proceeds : — * * 

“ While I was punning my inquiries respecting the Bath waters, I learned casually 
that a hot spring had UBen di sc overed at a great depth in a copper n^ne, near Redrnth 
In Cornwall, havLig about as high a temperature as that of the Bath waters, and of 
which, strange to say, no account has yet been published. It seems that, in the year 
1889, a level was dnven from an old shaft, so 4s to intersect a rich copper lode at a 
depth of 1850 fret from the stafrce. This lode or metalliferous fissure occurred in 
what were formerly called the United mines, and which have sinoe been yarned the 
Clifford Amalgamated mines. Through the contents of the lode, a poiferfal spring 
of hot water was observed to rise, wqfoh has continued to flow with nndiminished 
strength ever since. At my request, Mr. Horton Davey, of Redrnth, had the kind- 
ness to send up to London many gallons of this water, which have been analysed by 
Professor William Allen Miller, F.R.8., who finds that the quantity of Mid matter 
is so great, as to exceed by more than four times the proportion or that yielded by 
the Bath waters. Its composition is also in many respects very different; for it 
contains but little sulphate of lime, and is almost free from the salts of magnesium. 
It is rich in the chlorides of calcium and sodium, and it contains one of the new metals, 
Casium, never before detected in any mineral spring in England ; but its peculiar 
characteristic is the extraordinary abundance of lithium, of which a mere trace had 
been found by Professor Roseoe in the Bath waters ; whereas, in this Cornish hot 
spring, this metal constitutes no less than a twenty-sixth part of the whole of the 
■olid contents, which, as before stated, are so voluminous. When Professor Miller 
exposed some of these contents to the test of spectrum analysis, h£ gave me an 
opportunity of seeing the beautiful bright crimson line which the lithinm produces 
in the spectrum. 

“Lithium was first made known in 1817 by Arfvedsen, who extracted it from 
petalite, and it was believed to be extremely rare, until Bunsen and Kirchhoff in 
I860, by means of tbe spectrum analysis, showed that it was 9 most widely difihaed 
substance, existing in minute quantities in almost all mineral waters and in the sea, 
as well as in milk, human blood, and the ashes of some plants. It has already been 
used in medicine, and we may therefore hope that, now that it is obtainable in large 
quantities, and at a much cheaper rate than before the Huel Clifford hot spring was 
analysed, it may become of high value. According to a rough estimate which has 
been sent to me by Mr. Davey, the Huel Clifford spring yields no less than 850 
gallons per minute, which is almost equal to the discharge of the King's Bath, or 
ohief spring of this city. As to the gases emitted, they are the same as those of the 
Bath water, namely, carbonic add, oxygen, and nitrogen. 

M Mr. Warington Smyth, who had already visited the Huel Clifford lode in 1855, re- 
examined it in July last, chiefly with the view of replying to several queries which I 
had put to him ; and in spite or the Milling heat, ascertained the geological structure 
of the lode and the exact temperature of the water. This last he found to ttsr 188° 
Fahr. at the depth of 1850 feet, but he scarcely doubts that the thermometer would 
stand two or three degrees higher at a distance of 800 feet to the eastward, where the 
water is known to gush up more freely. The Huel Clifford lode is a fissure varying in 
width from six to twelve fret, one wall consisting of elvan or porphyritie granite, 
and tbe other of killas or clay slate. Along the line of the rent which runs east and 
west, there has been a slight throw or shift of the rocks. The vein-stuff is chiefly 
formed of cellular pyrites of copper and iron, the porous nature of which allows the 
hot water to percolate freely through it It seems, however, that in the continuation 
upwards of the same fissure, little or no metalliferous ore was deposited, but in its 
place, Quarts and other impermeable substances, which obstructed the course of the 
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always a frvourite theory of the min ers, that the high temperature of this Cornish 
spring is due to the oxidation of the sulpharets of copper and iron, which are decom- 
posed when air is admitted. That such oxidation most 'have some slight effect is 
undeniable ; hut that it materially influences the temperature of so large a body of 
water is out of the question. Its effect most be almost insensible, for Professor 
Miller has scarcely been able to detect any sulphuric add in the water, and a minute 
trace only of iron and copper in solution. 

“ When we compare the temperature of the Bath springs, which issue at a level rf 
less than 100 fret above the sea, with tbe Hnel Clifford spring found at a depth of 
1850 feet from the surface, we must, of oonrse, make allowance for the increase of 
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heat always experienced when we descend into the interior of the earth. The dif- 
ference would amount to about 80° Fahr., if we adopt the estimate deduced by Mr. 
Hopkins, from an accurate series of observations made in the Monkwearmoufh shaft 
near Durham, and in the Donkinfleld shaft near Manchester, -each of them 8,000 fret 
in depth. In these shafts, tho tempengnre was found to rise at the rate of only 1° 
Fahr. for every increase of depth or from sixty-five to seventv feet But if the Huel 
Clifford spring, instead of being arrested in its upward courA, had continued to rise 
freely through pfirous and loose materials, so as to reach the surftce, it would pro- 
bably not have lost anything approaching to 80° Fahr., since the renewed heat 
derived from below would have wanted the walls and contents of the lode, so as to 
raise their temperature above that which would naturally belong to the rocks at 
corresponding levels on each side of the lode. The almost entire absence of magne- 
sium raisel an obvious ottfection to the hypothesis of this spring deriving its waters 
from the sea; or if such a source be suggested for the salt and other marine products, 
we should be under the necessity of supposing the magnesium to be left behind, in 
combination with some of the elements of the decomposed and altered rocks, through 
which thqjhermal waters may have passed.” * 

LITHIUM is the meAllio basis of lithia ; the latter substance consists of 100 of 
metal, and 183 of oxygen. Neither lithium nor its oxide are of any use in the arts. 

LITHOGRAPHIC PRESS. The lithographic press in common use has long been 
regarded as a very inadequate machine. The amount of manual power required to work 
it, and the alow speed at which, under the most favourable circumstances, copies can 
be produced, disables lithography in its competition with letter-press. A career of bril- 
liant success has attended the efforts of scientific men towards speed and perfection in 


this latter branch of the art ; and the present printing machines surpass the hand-press 
somewhat in the same ratio as doe* our express speed the jog-trot of our forefathers. 
The engravings annexed, figs. 1141, 1142, will serve to illustrate Messrs. Napier & 
Sons’ improvements upon the li- ’ « 

thographio press. The machine 
is arranged to be driven by steam 
power ; has belts, M crossed ” and 
“open,” supposed to be in con- 
nection with the engine, and to 
run upon the pulleys a, b, c. The 
crank pulley, n, is fixed on the 
screw-spindle D, and the other 
two work loose, or “dead,” on 
the same spindle; these bands 
with their striking forks, a, are 
arranged so as to be brought al- 
ternately npon the fixed pulley b, 
and thus a reversing motion is 
given to the screw. The not in 
'which the screw works is fixed 



to a copsspiece e, which braces the side frames F F, together at bottom, while 
the bar o, performs the same office at top ; the scraper-box, h, is sustained between 
these frames at bearings z, and is so fitted as to work freely. To support 
the frames and scraper-box independent of the screw and maintain them in 
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position, allowing freedom of action, the rollers jr, j, are provided, which run in the ‘ 
pl&nejl recesses, x, along the top of the main standards l. 

Tmtaiaohine is shown with its tvmnan down, readv for ftartimr: this is effected hv 
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pressing lightly upon the lever, b , which raises a catch, and allows the weight x, to 
« descend in the direction of its present inclination, and act upon the connections with 
the striking forks, so as to bring one of the bands upon the frst policy, b, and make 
* the scraper and its frames more forward. The return is caused by the frame, », com- 
ing in contact with a stop c, which, yielding; acts opon the striking forks by its bar 
d % upon which it may be adjusted to give the travel required. On the return being 
accomplished, the machice stops itself by a striking action against stop «, the catch 6 
foiling in to prefect the weight descending to its rail throw, and thus retaining the 
two bands upon the two dead pulleys, a and c, while the machine is prepared for 
another impression. ^ 

The action of the scraper is peculiar and novel j it is balanced, so that its tendency 
is to remain slightly raisri, bnt in its forward movement and at the point desired, it 
is made to descend by a stop fixed upon the top of the main standard, L, info <a position 
vertical, or nearly so, in which position it is retained by its own onward progress 
against strong abutments projecting frtfm the frames, r; on the return it resumes its 
raised position and passes back without impediment The scraper may be adjusted to 
give the pressure desired, oclhe table on which the stone is placed regulated by screws. 

The advantages embodied in this machine will be at once fecognised oyjfhoee in- 
terested. The pulling down of the scraper, and the labour and inconvenience atten- 
dant upon that operation, are entirely superseded by the simple and effectual valve-like 
movement just explained, which forms the ground work of this combination, although 
it will alike apply to the press work by hand, and is the most striking novelty in the 
machine. 

LITHOGRAPHY. Though this subject belongs rather to the arts of taste and 
design than to productive manufactures, its chemical principles foil within the pro- 
vince of this Dictionary. (i 

The term lithograph is derived from AiSoi, a stone , and ypafii, writing* and desig- 
nates the art of throwing off impressions upon paper of figures and writing previously 
traced upon stone. The processes of this art are founded: — 

1. Upon the adhesion to a grained or smoothly-polished limestone, of an encaustic 
fot which forms the lines or traces. 

2. Upon the power acquired by the parts penetrated by this encaustic, of attracting 
to themselves, and becoming covered with, a printer's ink, having linseed oil for its 
basis. 

3. Upon the interposition of a film of water, which prevents the adhesion of the ink 
in all the parts of the surface of the stone not impregnated with the encaustic. 

4. Lastly, upon a pressure applied to the stone, such as to transfer to paper the 
greater part of the ink which covers the greasy tracings or drawings of the encaustic. 

The lithographic stones of the best quality are still procured from the quarry of 
Solenhofen, a village at no great distance from Munich, where this mode of printing 
had its birth. They resemble in their aspect the yellowish- white lias of Bath, but their 
geological place is much higher that the lias. Abundant quarries of these fine-grained 
limestones occur in the oonnty of Pappenheftn, along the banks of the Danube, pre- 
senting slabs of every required degrqp of thickness, puled by regular seams, and ready 
for removal with very little violence. The pood quality of a lithographic atopg is ge- 
nerally denoted by the following characters ; its hne is or a yellowish grey, and uniform 
throughout j it is free from veins, fibres, and spots ; a steel point makes an impression 
on h with difficulty i and the splinters broken off from it by the hammer display a 
conchoids! fracture. 


The Munich stones are retailed on the spot in slabs or layers of equal thickness ; 
they are quarried with the aid of a saw, so as to sacrifice as little as possible of the ir- 
regular edges of the rectangular tables or plates. One of the broad frees is then 
dressed, and coarsely smoothed. The thickness of these stones is nearly proportional 
to their other dissensions ; and varies from 1] inches to 3 inches. 

In each lithographic establishment, the stones receive their finishing, dressing, and 
polishing; which are performed like the grinding and polishing of mirror plate. The 
work Is done by hand, by rubbing circularly a movable slab over another in a 
horizon tnl position, with fine sifted send and water interposed between the two. The 


Jme according to the frney of the draughtsman. Thefolgher the finish of the snifoce 
the softer are the drawings; bnt the printing process becomes sooner pasty, and a 
smaller number of impressions ean be taken. Verbs hr M require thexoXi to bS 
more softened down, and finally polished with pnmioe and a little water. The stones 
P»ck«d for use with white paper interposed between their frees, a 
Zinc plates are sometimes used in lieu of stones; thqyare prepared by graining the 
■nr&ce with fine sand, rubbed over by means of admail piece of the : metal V no 
takes a finer surikee than stone, and yields more delicate impressions ; but grea^care 
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S« necessary in keeping H dry. so that it does not corrode ; this is almost the only 
otyectiofi to its more general use, for it is for more convenient to handle and more 
about than heavy stones. 

Lithographic crayon*. — Fine lithographic prints cannot be obtained unless the 
crayons possess every requisite quality The ingredients composing them ought to 
be of such a nature as to adhere strongly to the stone, both after the drairing has 
undergone the preparation of the acid, and during the presrfhrork. They shonld be 
hard enough to admit of a fine point, and trace delicate lines withdlt risk of breaking. 
The following composition has been succeasftilly employed for crayons by MM. Ber- 


nard and Delarue, at Paris : — • 

Pure wax (first quality) 4 parts. 

# Dry white tallow soap 2 „ 

*White tallow - 2 „ 

Gum lac - - - »- - - -2„ 

Lamp black, enough to give a dark tint - - - 1 „ 

Occasionally copal varnish - - - - - 1 „ 


The iffh"should be melted over a gentle fire, and th? lac, broken to bits, is then 
added by degrees, stirring all the while with a spatula ; the soap is next introduced in 
fine shavings j and when the mixture of these substances is very intimately accom- 
plished, the copal-varnish, incorporated with the lamp black, is poured in. The heat 
and agitation are continued till the paste has acquired a suitable consistence j which 
may be recognised by taking out a little of it, letting it cool on a plate, and trying its 
quality with a penknife. This composition, on being cut, shonld afford brittle slices 
The boiling may be quickened by setting the rising vapours on fire, which increases 
the temperature, and renders the exhalations less offensive. When ready, it is to be 
poured into % brass mould, made of two semi-cylinders joined together by clasps or 
rings, forming between them a cylindric tube of the crayon sixe. The mould should be 
previously rubbed with a greasy doth. 

The soap and tallow are to be put into a small goblet and covered up. When the 
whole is thoroughly fused by heat, and no dots remain, the black ia gradually sprinkled 
in with careful stirring. 

Lithograpic ink is prepared nearly on the same principle s — 


Wax - -- -- -- -16 parts. 

Tallow - - - 6 „ 

Hard tallow soap ------ 6 „ 

Shell-lac 12 „ 


Mastic in tears - 8 „ 

Venice turpentine ------ 1 „ 

Lampblack - - - - . - - 4 „ 

The mastic and lac, previously ground together, are to be carefhlly heated in the 
turpentine ; the wax and tallow most be added after they are taken off the fire and 
when their sdution is effected, the soap shavings are to be thrown in. Lastly, the lamp 
black is to be well intermixed. Whenever the§ union is accomplished by heat, the 
operation is finished ; the liqnor is left to cool a little, then poured out on tables, and, 
when cold, out into square rods. 

Lithographic ink of good quality ought to be susceptible of forming an emulsion so 
attenuated, that it may appear to be dissolved when rubbed upon a hard body in dis- 
tilled or river water. It should flow in the pen, but not spread on the stone ; capa- 
ble of forming delicate traces, and very black, to show its delineations. The most 
essential quality of the ink is to sink well into the stone, so as to reproduce the most 
delicate outlines of the drawings and to afford numerous impressions. It must 
therefore be able to resist the acid with which the stone is moistened in the prepara- 
tion, without letting any of Its greasy matter escape. 

M. de Lasteyrie states that after having tried a great many combinations, he gives 
the preference to the following : — 


Tallow soap dried - - - 30 parts. 

Mastic In tears - - - - 30- „ 

White Jbda of commerce - - 30 „ 

Shell-lac - - - - - 150 „ 

Lamp-black .... 12 „ 


The aoap ia first put into the goblet and melted over the fire; the lae being added 
it flues immediately ; the soda is then introduced, and next the mastic, stirring all 
the while with a spatula. A brisk fire is applied till all these materials are melted 
completely, when the whole ia poured out into the mould. 

The inks now p rescribed may be employed either with the pen and the hair pencil, 
for writings, black-lead drawings, aqua Unto, mixed drawings, those which repre s e n t 
en^havinga on wood (woodcuts), Ac. When the mk is to be used it is to bf rubbed 
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down with water, in the manner of China ink, till the shade be of the requisite depth. 

1 The temperature of the place ought to be from 84° to 90° Fahr., or the saueer hi 
which the ipk stick is rubbed should be set in a h eat ed plate* No more ink should 
< be dissolved than is to be used at the time, Ibr it rarely keeps in the liquid state for 
94 hours; and it should be covered or corked up. f 

Autographic paper.— Autography, or the operation by which a writing or a drawing 
is transferred from paper to stone, presents not merely a means of abridging labour, 
but also that of reverting the writings or drawings into the direction in which they 
were traoed, whilst, if executed directly upon the stone, the impression given by it is 
Inverted. Hence, a writing upon stone must be inverted from right to left to obtain 
direct impressions. But the art of writing thus is tedious and difficult to acquire, 
while, by means of the autographic paper and the transfer, proofe are obtained in the 
same direction with the writing and drawing. r • 

Autographic ink. It must be fatter and softer than that applied directly to the 

stone, so that though dry upon the papiT, it may still preserve sufficient viscidity to 
adhere to the stone by mere pressure. 

To compose this ink, we Jake — , 

White soap .... 100 parts. 

White wax of the best quality - 100 „ 

Mutton suet .... 80 „ 

Shell-lac .... SO „ 

Mastic - - . - - - BO „ 

Lamp black ... 30 or 35 „ 

These materials are to be melted as above described for the lithographic ink. 

Lithographic ink and paper. — The following recipes have been much com- 
mended: — t 

Virgin or white wax - 8 parts. 

White soap - - - - S „ 

Shell-lac 9 „ 

Lamp black .... 3 table-spoonfuls. 

Preparation. — The wax and soap are to be melted together, and before they be- 
come so hot as to take fire, the lamp black is to be well stirred 4* with a spatula, and 
then the mixture should be allowed to bum for 30 seconds ; the flame being ex- 
tinguished, the lac is added by degrees, carefiilly stirring all the time ; the vessel 
is to be put upon the fire once more in order to complete the combination, and 
till the materials are either kindled or nearly so. After the flame is extinguished, the 
ink must be suffered to cool a little, and then put into the moulds. 

With the ink crayons thus made, lines may be drawn as fine as with the point of 
the graver, and as full as can be desired, without risk of its spreading in the carriage. 
Its traces will remain unchanged on paper for years before being transferred. 

Some may think it strange that there is no suet in the above composition, but it has 
been found that ink containing it is only good when used soon after it is made, and 
when immediately transferred to theytone, while traces drawn on paper with the suet 
ink become defective after 4 or 5 days. 

Lithographic paper. — Lay on the paper 8 successive coats of sheep-fool Jelly, 
1 layer of white starch, 1 layer of gamboge. 

im.. j 1 1 1 1; _ 5 'ii . 1 • it 1 .... 
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equally over the whole surface, but thin ; and if the leaf be stretched upon a cord, the 
gelatine will be more uniform. The next two coats are to be laid on, until each is dry. 
The layer of starch is then to be applied with a sponge, and it will also be very thin 
and equal. The coat of gamboge is lastly to be applied in the same way. When the 
paper is dry, it must be smoothed by passing it through the lithographic press ; and 
the more polished it is, the better does it take on the ink in fine lines. 

Transfer . — When the paper is moistened, the transfer of the ink from the gamboge 
is perfect and infkllible. The starch separates from the gelatine, and tt, after taking 
the paper off the stone, we place it on a white slab of stone, and pour hot water over 
it, it will resume its primitive state. 

The coat of gamboge ought to belaid on the same day it is dissolved, as by keeping 
it becomes of an oily natures in this state it does not o&truot the transfer, but it 
gives a gloss to the paper which renders the drawing^ tracing more difficult, espe- 
cially to persons little accustomed to lithography. 

The starch paste can be employed only when cold, the day after it is made, and 
after having the skin removed from its sunhee. 


A leaf of such lithographic paper may be made in two minutes. 

In 'transferring a writing, an ink drawing, or a lithographic crayon, even the inS 
pression of a copper-plate, to the stone, it is necessary, 1, that the impressions be 
made upon a thin and slender body like common paper ; 9, that they may be de- 
tached and fixed totally on the stone by means of pressure ; but as the ink of ad&w- 
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tag sinks to a certain depth in paper, and adheres rather strongly, it would be 
difficult to detach alt its puls, were' there not previously pat between the paper and 
the traces a body capable of being separated from the paper, and of losing its ad- 
hesion to it by means of the water with which it is damped. In order to produce this 
effect, the paper gets a eertaip preparation, which consists in coating it over with a 
kind of paste ready to receive every delineation without suffering it to penetrate into 
the paper. There are different modes of eommanicettag thjp property to paper. 

Besides the above, the tallowing may be tried. Take an tqyrised paper, rather 
strong, and cover it with a varnish composed of: — Starch, 120 parts ; gam arabic, 
40 parts | alum, 20 parts. t 

A paste of moderate consistence must be made with the starch and some water, 
with the aid of heat, into which the gum and alum are to be thrown, each previously 
dissolved in separate vessels. When the whole is well mixed, it is to be applied, still 
hot, on the leaves of paper, with a flat smooth brush. A tint cf yellow colour may 
be given to the varnish with a decoction of die berries of Avignon, commonly called 
French berries by our dyers. The paper is to be dried, and smoothed by passing 
under thp jeraper of the lithographic press. 

Steelmens are empibyed for writing and drawing with ink on the lithographic 
stones ; in many establishments a sable brush is more frequently used. 

Engraving on atone, for maps, geometrical drawings of every kind, patent inven- 
tions, machinery, &c., is performed with a diamond point as clearly and distinctly as 
if executed on copper or steel plates ; to print these engraved stones, the ink should 
be laid on with a dabber, not a roller. Another method ia by preparing the surface 
of the atone with a thin covering, or etching ground, of gum and black, upon which 
the design ia traced or engraved with an etching point ; it then appears in white lines 
upon a black surface. In this state the stone is taken to the printer, who applies ink 
to the engraved part, and washing off the gum, the drawing appears in black lines 
upon the white surface of the atone, and after being submitted to the process of 
fixing, described below, is ready for printing. 

Lithotint, a process of drawing upon stone was adopted, first, by Mr. J. D. Hard- 
ing. a few yean back, and since by one or two other artists ; several works were at 
the time executed by this method, which consists in painting the subject with a 
camel hair pencil, flipped in a preparation of liquid lithographic chalk, using the 
latter as if it were an ordinary colour, or Indian ink, sepia, &c. The results of this 
process were, however, so uncertain in printing, that it has been almost, if not en- 
tirely, abandoned. 

The process of printing a subject executed fa lithography is as follows: — The 
drawing is first executed by the artist on the stone in as perfect and finished a 
manner as if done on paper or card-board : the stone is then washed over with nitric 
acid, dilated with gam, which neutralises the alkali, or soap, contained in the chalk, 
fixes the drawing, and cleanaea the atone at the same time : this is technically called 
etching . The acid ia then washed off with cold water, and any particles of the 
crayon or other substances which mof have adhered to the surface, are removed by 
the application of a sponge dipped in spirits qf turpentine : the stone is now ready 
for printing : it is slightly wetted, charged with printing-ink by means of a roller, 
the sheet of paper, which is to receive the impression, is laid on it in a damp state, 
and the whole is passed through (he press. 

Chromolithograph#, or printing in colours from stones (xpfipo, colour), is a com- 
paratively recent introduction, but has been brought to such perfection, that works 
of art of the highest pictorial excellence are sometimes so closely imitated, as to 
deceive very competent judges. A portrait of Shakspeare, for example, executed 
in chromolithography by Mr. Vincent Brooks, of London, from an old oil painting, 
is so marvellous a copy of the original as almost to defy detection. Chromolitho- 
graphy, as a beantifal medium of illustration, ia now in very general use: the process 
may be. thus described. A drawing of the subject, in outline, on transfer tracing- 
paper, ia made in the ordinary way: when transferred to a stone, this drawing is 
called the kegntone, and it serves as a guide to all (be others, for it must be transferred 
to as many different stones as there are odours in the subject; as many as thirty 
•tones have been used insthe production of one coloured print The first stone re- 
quired, generally for flat, local tints, ia oovered with lithographic ink where the 

C should be of solid colour r the different gradations are produced by rub- 
v the atone with rubbing-ttuff, or tint-ink, made of soap, shell lac, &e. &o* and 
with a painted lithographic chalk where neccwa ry; the stone is then washed over with 
nitrons acid, and goes through the entire process described above. A roller charged 
•with lithographic printing-ink is then passed over it to ascertain if (he drawing 
comes as desired § and the ink is immediately afterwards washed off with turpentine: 
if satisfactory, this stone is ready for printing, and is worked off in the requisite 
collar; the next stone undergoes the same process , for another oolonr, and so with 
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the rat till the work is complete: it will of oourse, be understood, that befor e any 
* simple impression is finished, it will hare to pass through as many separate printings 
as there are drawings on stones. The oolonrs used in printing are gronnd up with 
burnt linseed oil, tanned varnish. — J. D. 

LITHOMARGE. A silicate of alumina, in many r es pe c ts resembling China day or 
kaolin, which see. 

LITMUS (Tburneeok Fr.j Lockouts, Germ.} is prepared in Holland from the 
species of lichen called Lecanora tartarea^Roeceua tartarecu The gtonnd lichens are 
first treated with urine containing a little potash, and allowed to ferment for several 
weeks, whereby they produce a purple-red ; thf» coloured liquor, treated with quick- 
lime and some more urine, is set again to ferment during two or three weeks, then 
it is mixed with chalk or gypsum into a pasta, which is formed into small cubical 
pieces by being pressed into brass moulds, and dried in the shade. Ltafius has a 
violet-bine colour, is eafry to pulverise, is partially soluble in water and dilute alcohol, 
leaving a residuum consisting of carbodhte of lime, of elay, silica, gypsum, and oxide 
of iron combined with the dye. The colour of litmus is not altered by alkalies, but is 
reddened by acids ; and is therefore used in chemistry as a delicate testoag, acidity, 
either in the state of solution or of unsiaed paper stained witiftt See Liciuir. 

The preparation of litmus has been described by Ferber, Morelos, and others. 

Dr. Pereira, writes, “ Litmus is imported from Holland, in the form of small, rec- 
tangular, light, and friable cakes of an indigo blue colour. Examined by the mi- 
croscope, we find spornles and portions of the epidermis and xnesothallus of some 
species of lichen, moss, leaves, sand, &c. The odo* j of the cakes is that of indigo 
and violets. The violet odour is acquired while the mixture is undergoing fermen- 
tation, and is common to all the tinctorial lichens. It has led some writers into the 
error of supposing that the litmus makers use Fkventiue orris in the manufacture 
of litmus. Che indigo colour depends on the presence of indigo in the litmus cakes.” 

LITMUS PAPER. Paper coloured with an infusion of litmus, used as a test for 
the presence of acids. 

Faraday, in his Chemical Manipulation , recommends an infosion of one ounce of 
litmus, and half a pint of hot water. Bibulous paper is saturated with this. Professor 
Graham prefers good letter paper to the nnsised paper. In order to obtain very de- 
licate test-paper, the alkali in the litmus must be almost neutralised by a minute portion 
of acid. 

LITTORAL (a geological term). Belonging to the sea-shore. 

L1VI-DIBI. Another name for Divi-divi. See Leathkr. 

L1XIVIATION (, Lessioage , Fr. ; Auslagtn, Germ.) signifies the abstraction by 
water of the soluble alkaline or saline matters present in any earthy admixture ; as 
from that of quicklime and potashes to make potash lye, from that at effloresced alum 
schist to make aluminous liquors, &c. 

LLAMA. A genus of animals belonging to the class Mammalia, order Ungulata, 
fiunily Bovida, and tribe CameHna. They qre the camels of South Amenca, to 
which country they are confined. In the wild state the Usmam keep together in herds 
of from one to two hundred. There* are two distinct species found wild in South 
America, inhabiting the Peruvian Alps, the Pampas, and the mountains of fiiiili. 
These animals are used as beasts of burthen ; cords and sacks, as well as stnffe for 
ponchos, &c^ are fabricated from their wool ; and their bones are converted into instru- 
ments for weaving the same. The Alpaca, which is a variety of the llama, has 
given its name to a cloth manu fa ctured from its hair; and this has become so valuable, 
that attempts have been made to naturalise the animal in Europe. The success, 
however, which has attended these attempts has not been great The following note 
from the Penny Cyclopedia, article Llama, is important 

M In reference to the wool, we may here state that a herd of thirty-six, including the 
kinds called Hamas, alpacas, and vicunas or vigonias, were sent from Lima (Peru) 
and Conception (Chili) to Buenos Ayres by Journeys of two or three leagues. To 
those who may be inclined to import these animals, it may be necessary to state that 
they were fed during the Journey with potatoes, make, and hay. As soon, however, 
as the potatoes were exhausted, constipation came on so obstinately, that medical 
relief was required. They were shipped as a present frdm Godoy, the Prince of 
Peace, to the Empress Josephine, but ouly eleven arrived at Cadis in 1808, just as 
Godoy fell into disgrace. Here two died, and the rest Veto near being thrown into 
by the mforiated rabble, in their detestation of the late minister and minion. 
Thepoar llamas were however savgd from the tender mercies of the populace by the 
governor of Cadis, and were consigned to Don Francisco de Theran of Andalusia, 
who 1 had a fine menagerie at San Lnehr de Barrameda. When the French occupied 11 
the province, Marshal Boult protected them; and M. Bury St. Yinoent, who was 
with the anny, studied their habits, and executed drawings of them, which were lost 
at the battle of Vittoria. M. Bury paid great attention to their wool, and tome fiqftn 
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- eaoh kind was sent to the Academy of Sciences at Paris. From the report of the 
French naturalist and the philosophical Spaniard, it woeld appear that the fleece of 
the alpa-yigonia ( pr odu c ed by a cross between a rigonia and an alpaca) has modi 
greater length than any other variety, and is six times heavier." 

The following is from Jameda History qf tk e Worsted Manufacture ta England, 
p. 852 : — • 

To commence with the earliest mention of the alpaca, wspnnst recur to so early a 
period as the year 1525, when Pisarro and his ferocious companions invaded Pern. 
It is related by the Spanish historians, that they found there four varieties of sheep ; 
two, the gnanaco and the vicuna, ip a wild state, ranging the mountainous tracts 
of South America; and the others, the llama and the pacos, or alpaca, domesti- 
cated. The former of these domestic animals, partaking somewhat of the nature and 
use of fog. Arabian camel, was in like manner employed as a beast of burden. 
Though in many features similar to the llama, the alpaca had several dear marks 
of distinction, and among others was less, aid the fleece much longer and softer in 
fibre. In the sixteenth century, and even from the remotest times, the Peruvians 
being comngmtively (to the other tribes of the great continent of America) a civilised 
people, Era well acquainted with the arts of spinning and weaving, fhbricated from 
alpaca wool textures of much delicacy and beauty, which were highly prised as 
articles of dress. And that the use of them had prevailed for centuries is demonstrated 
by the opening of several very ancient tombs of the Peruvians, in which the dead 
had been enwrapped in stuffs made from the fleece of the alpaca. 

In general, the alpaca ranges about four fleet in height, the sise of a foil grown 
deer, and, like it, is of graceful appearance. Its fleece is superior to the sheep in 
length and softness, averaging six inches (the length of the staple of the alpaca 
fleece is on an average much les^than formerly, probably from being shorn oftener), 
and sometimes it has been procured even of an extraordinary length j a specimen 
shown at the Great Exhibition, by Messrs. Walter Milligan and Son, reaching to 
forty-two inches in length. The fleeces, when annually shorn, range from five to six 
pounds. Contrary to experience in other descriptions of wool, the fibre of the Al- 
paca fleece acquires strength without coarseness ; besides, each filament appears 
straight, well-formed, and free from crispness, and the quality is more uniform 
throughout the fleele. There is also a transparency, a glittering brightness upon 
the surfhee, giving it the glossiness of silk, which is enhanced on its passing through 
the dye-vat It is also distinguished by softness and elasticity, essential properties 
in the manufocture of fine goods, being exempt from spiral, curly, and shaggy defects ; 
and it spins, when treated properly according to the present improved method, easily, 
and yields an even, strong, and true thread. With all these remarkable qualities, it 
was long before the value of alpaca wool was known or appreciated in this country. 

Recurring to the application of the alpaca fleece to manufacturing purposes in 
England, it was long delayed. Though so early as the year 1807, the British troops 
returning from the attack of Buenos Ayres brought with them a few bags of this wool, 
which were submitted for inspection In London ; but, observes Walton in his work 
on alpaca, “owing to the difficulty of spinning it, or the prejudice of our manufoc- 
tureg, it did not then come into notice," and for more than twenty yean the attempt 
does not seem to have been renewed ; thus depriving, for that period, the country of 
the advantage derived from this notable manufocture. 

According to the best authorities, the first person in England who introduced a 
-marketable fobric made from this material was Mr. Benjamin Outran, a scientific 
manufacturer of Greetland, near Halifax, who, about the year 1880, surmounted, 
with much difficulty, the obstacles encountered in spinning the wool, and eventually 
produced an article which sold at high prices for ladies' carriage shawls and cloak- 
ings; bat their value arose more from being rare and curious articles than from 
intrinsic worth. 

These were, it is well established, quite destitute of the peculiar gloss and beauty 
which distinguish the alpaca lustres and fabrics of later times, and after a short period 
the manufocture was abandoned. 

About the same . time as Mr. Outram was weaving goods from alpaca, the wool 
attracted the notice of tha Bradford spinners. Meson. Wood and Walker spun it to 
some extent for camlet warps used in the Norwioh trade. Owing to the cheapness of 
alpaca wool daring the first years of its consumption in England, it was occasionally 
employed instead of English hog wool for preparing lasting and eamblet warps, being 
■pan to about No- 48. 

The earliest manufacture of the alpaca wool into good* at Bradford appears to 
feave occurred under these circumstances. In the commencement of 1832 some 
gentlemen, caameeted with the trade to the west coast of Sooth America, were on a 
visit at the houae of J. Garnett, Esq., of Clitbero, and, on their alluding to the diffi- 
cult of meeting with suitable returns for goods forwarded to that part of the world. 
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he suggested to them the transmission of ripens wool, and offered, if they would send 
him a»w pounds weight, to ascertain its Tilne for mano&eturing purposes. In a 
fow months he reeeived some samples of alptcawool, which, on the find of October, 
1889, he forwarded to Mem Horsfall, of Bradford, with a request that they would 
test its waloe. Accordingly they fabricated from this ^ool a piwe resem b li n g heavy 
cambist, which they showed to the Leeds merchants j bat the piece, not developing 
any peculiar qualities cf alpaca, did not please, so that Messrs* Horsfall were not 
encouraged to proceed farther with experiments. However, in the feme year Messrs. 
Hoyam, Sail, and Go^ spirited merchants of Liverpool, perceiving the value of the 
alpaca wool, directed their agents in Pern to purchase and ship over all the parcels 
of alpaca wool they could meet with ; some of which, being sent to the Bradford 
district, was span and manufactured by several parties there. The pieoee chiefly 
fabricated from alpaca in the neighbourhood of Bradford were flgureieifiade with 
worsted warp and alpaca well, the figure being raised and lustrous tike union 
dniMltf. These goods were in vogue 'only for a limited time, for neither the figured 
nor plain ones seem to have suited the public taste. 

Until the introduction q£ cotton warps into the wonted trade, it mgy jafely be 
averred that the alpaca manufacture had not been developed, 1 and would newer have 
made much progress without being combined with cotton or silk warp. To Titus 
Salt, Esq., of Bradford, must undoubtedly be awarded the high praise of finally over- 
coming the difficulties of preparing and spinning the alpaca wool so as to produce an 
even and true thread, and, by combining it with cotton warps, which had then (1836) 
been imported into the trade of Bradford, improved the manufacture so as to make it 
one of the staple industries of the kingdom. He has, by an admirable adaptation of 
machinery, been enabled to work np the material with the ease of ordinary wool, and 
thus present beantifal alpaca stuffa at a reasonable jpte. Every previous attempt had 
been made, so fhr as can be ascertained, with worsted warps, with which the alpaca 
did not easily assort 

About the year 1836 the alpaca trade had become established, and has since risen 
to much importance. After this period the manufacture rapidly extended. The 
great mercantile house of A. and 8. Henry took very large quantities of alpaca stuffa 
which began to be made in an endless variety of goods suited both for male and 
female dress, including scarft, handkerchiefs, and cravats, plain and figured goods, 
both with silk and cotton warp, for ladies’ dresses, dyed alpaca checks of beautifiil 
texture, and a variety of grograms, codringtons, silk-striped, checked, and figured 
alpacas and alpaca linings. The demand for these various alpaca fabrics during the 
period between 1841 and 1846 remained uniform and steady. 

At the commencement of the manufacture of alpaca goods with cotton warps (silk 
was not used), the weft was spun from fine qualities of the wool into low numbers, 
and the pieces were made much richer and heavier than has been the case more re- 
cently, the demand having altered in favour of lighter and less costly doth. 

Most of the alpaca wool brought into the United Kingdom is unshipped at Liver- 
pool, but a small portion is also carried to Ilbndon. At these two ports, it may be 
asserted, the whole imported into this country is landed. It arrives in small bales, 
called ballots, weighing about seventy pounds, and is generally in an impim^tate, 
with different qualities mixed. Like the fleece of the sheep, that of the alpaca is 
composed of different qualities, so that the portion growing on the hind quarters is of 
an inferior description. The wool is sorted into about eight different qualities, each 
fitted for a particular d* — of goods. Owing to the dirty state of the fleeces, and the 
peculiar nature of the dusty particles arising during the progress of sorting, the opera- 
tion is an unhealthy one, unless great care be taken by ventilation to counteract this 
baneffal effect. After being sorted, it is tt Sahaire washed and combed by machinery. 
Until of late years it was combed wholly by hand, and the combs used for the purpose 
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fa those combs had a larger number of teeth than ordinary, 
draw the sliver, which is perfected K - — : — * — — 
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Dating from the year 1884, when the importation of alpaca wool sprang op as a 
permanent branch of commerce, the demand in this country has, with the exception 
of the last two yean, 1m the whole been a growing one. Mr. Walton, in his work on 
the alpaca, exhibits the quantities exported chiefly to England until the year 1848, 
when the tariff law haring <xtae into qpentian, the returns began to be more correctly 
framed, and the alpaca wool was then classed by itself 



Lbs. 

Yurt. 

Lbs. 

1834 

... * 

5,700 

1839 

1,825,500 


184,400 

1840 

1.650.000 

1.500.000 
1,443^99 

199,000 

1841 

1887 

1838 

385,800 

459,300 

1842 


iu iiitriuujrvm m uieae tweive yeans we price uuu, wiui me ueuiauu, progressively 
increased : the price in 1884 only amounted to about eightpence halfpenny per pound : 
next year it reached nearly tenpence; the year after one shilling; in 1888, to up- 
wards of one shilling and threepence halfpenny ; and in 1838, to one shilling and 
fbnrpence per pound. 

Since the year 1842, the returns of alpaca wool imported into this country are of a 
more reliable character. The following table has been drawn up from data furnished 
by the Board of Trade. 
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Yurt. 

Lbt. 

Yean. 

Lbt. 

1843 

1,458,032 

635,857 

1850 

1,652,295 

1844 

1851 

2,013,202 


1,261,905 

1852 

2,068,594 


1,554,287 

1,521,870 

1853 

2,148.267 

1,267,513 


1854 

■H 

1,655,300 

1855 

1,446,707 


These large quantities were yet increased in 1863, when we imported from Peru 
2,772,886 lbs. ; from New Granada, 622,889 lbs. ; and 6,857 lbs. from other ports. 

Daring the last ten yean, the prices have fluctuated considerably. In 1844, one 
shilling and eightpence per pound was quoted as the price of the white fleece, and two 
shillings for the black one. In the year 1855, according to the price currents, the 
being acidulated with sulphuric acid^and is deposited iu the form crystalline plates 


average rates were thus quoted: — . j m a 

Alpaca, best white ------ J t to* 8 

Ditto, brown and black - - - - - 2 6 „ 2 8 

Vicuna, heat dark coloured - - - -3. 0*36 

Llama ■••-----0 10^ „ 1 8 


But these quotations are somewhat higher for alpaca wool than the prices now 
re alis ed, whicn of late years have ranged from two shillings to two shillings and two- 
pence per pound. 

Alpaca Fat was shown in the Exhibition of 1862, and was stated to be remark- 
able in its power of resisting rancidity. It is thought this will make it valuable to 
the arts, especially in perftunery. 

LOAD. A burthep or freight As the various quantities of material contained in a 
load cannot but be usafol, the following table is borrowed from Mr. P. L. Smmondd 
** Trad* Products," jpc. 


Corn - - 6 qr% or 40 bushels. 

Straw - - 86 trusses or 11 cwt 

64 lbs.* 


Old hay- - 18 cwt. 

New hay - 19 cwt 82 lbs. 

Bricks - 500. 

Tiles - - 3000. 

Lead ore (in Derbyshire) 9 dishes or 
nearly 3 cwt 

Bulrushes - 68 bundles. 

"Mortar - *27 foet 


Coffee, in hags - 12 cwt 

Rice - - 10 ewt 

Timber— 

1 inch plank - 600 square fret 

Ik inch n - 400 „ n 

2 in oh „ - 800 „ 

2k inch „ - 240 „ » 

3 inch „ - 200 „ ,, 

3k inch „ - 170 „ „ 

4 inch „ - 150 „ * 
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LOADSTONE, MAGNETIC IRONSTONE. (Far oxythdi, Fr.s MamMsm- 
atom. Germ.) An iron ore consisting of the protoxide and peroxide of iron In a state 
of combination. 

It vu first disoorered in Magnesia, and from that porinee baa been derived the 
name Machtbt applied to this ore of iron, ^he term loadstone, however, is given to 
thooe specimens which are powerfbUy magnetic only. A considerable nnmber of the 
igneous rocks containing Iron are magnetic, and many magnetic oxides of iron are 
found in England^eespedally near Penryn in Cornwall, near Brent lh Devonshire, at 
ltoaedale in Yorkshire, and some other places. See Ibobt. 

LOAM. (Terre Hmmmue , Fr.j Lehm, Germ.^ A native day mixed with quits 
sand and iron ochre, and occasionally with some carbonate of lime. 

** More commonly we find sand and day or clay and marl intermixed in the 
mass. When the sand and day are each in considerable quantities, tbd mixture is 
called 4 loam.' ” — LyelL 

LOCKS. Although locks are distinctly a manufacture, yet they were not em- ’ 
braced in former editions of this work, the chief cause of this being the desire on the 
part of Dr. Ure to limit thej^rticles of the dictionary to such manufacturer as were 
not comprehended within hii meaning of the term handicraft? • 

The look manufocture is essentially one of handicraft, and seeing that these vo- 
lumes could not possibly enter into any detailed description of this and numerous 
other trades, as watchmaking and the like, it has been determined that a brief notice 
of the several kinds of locks alone shall find a place in its pages. 

The lock manufhctnre of this country is confined almost exdnsively to Wolver- 
hampton and the neighbouring village of WillenhalL There are very few large 
manufactories, almost all kinds of locks being made by small masters, employing 
from half a dosen to a dosen men. r 

In nearly every kind of lock, a bolt shoots out from the box or lock, hsually of an 
oblong shape, and catches in some kind of staple or box fixed to receive it In some 
a staple enters the lock, and the bolt passes through the staple within the lock. The 
lock of a room door is of the first character. The lock of a writing desk, or ordi- 
nary box, is of the second kind. The key is merely a bent piece of iron which, on 
entering the lock, can move freely and posh forward the bolt f To the bolts of su- 
perior looks springs are attached, and the force required to turn the key in a lock ia 
the force necessary to overcome the resistance of the springs. The following two 
figures, 1 148, 1 144, represent the character of a lock with wards or wheels which are 
introduced to give safety. Fig. 1148 is an ordinary back spring lock, representing the 
bolt half shot ; a f a' 1 are notches on the under side of the bolt connected by a carved 
portion ; b ia the back spring, which is of coarse compressed as the carved portion of 
the bolt passes through the aperture prepared for it in the rim of the lock ; when 
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the bolt is withdrawn, the notch af rests in the rim ; when the bolt is shot, the notch 
a H rests in the same maimer. The action of the key and wards is shown in fig. 

1 144. The carved pieces of metal are the wards ; and there are two clefts in the 
bit of the key to enable it to move without interruption. 

The tumbler look is shown in its most simple form InfiaPl 145. Here the holthu 
two slots an in the upper part; and behind the bolt is a kind of latch b which carries 
a projecting piece of metal ; c, this is the tumbler whtoh moves freely on a pivot at 
the other end. When the holt is frilly shot the projecting piece of metal foils into 
one noteh ; and when withdrawn, it foils into the other. It will be evident here that 
the motion of the key is to raise the tambler, so that the bolt has free motion ; this 
action will he intelligible by tracing the action of the key on the dotted lines. Thete^ 
tumbler looks are greatly varied in character; but in principle they are as above 
described. Nnmefoas well-known locks have been patented, the most remarkable 
brine Chnhh'e lock, which has been Ally described by the mrentors in a pyfcr 
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rad before the Institution of Civil Engineer* t and also In an excellent treatise on 
looks to be found in Mr. Weale's series of usefol manuals. This lock is essentially n 
tumbler look, it being,fitted np with no less than six tumblers; and the key has to 3 
raise by a series of steps these, before the bolt is free to move. It will be obvious, 
that mueos the key is exactly fitted to move these, there is no chance of moving the : 
bolt In his paper already alfaded to,«Mr. Chubb says— 

11 The number of changes which may be effected on the keys of a three inch 
drawer lode is t% l x 2x3x4 x ft x 6—720, the number of* different combinations 

which may be made on the sEt steps of unequal 
lengths without altering the length of either step. 
The height of the shortest step is however 
capable of being reduced, 20 times; and each 
time of being reduced, the 720 combinations mar 
be repeated; therefore 720 x 20 » 14,400 changes.” 
By effecting changes of this character, therefore, 
almost any number of combinations can be pro- 
duced. The Bramah lock has been long cele- 
brated, and most deservedly so. Notwithstanding 
the foot that this lock was picked by Mr. Hobbs 
after having the lock in his possession for six- 
teen days, it appears to ns that it most folly Justi- 
fies the boast made by Mr. Bramah is his " IHs- 
aertatio a on the Construction of Locks." “ Being confident,** he says, u that 1 have 
contrived a security which no instrument but its proper key can reach, and which 
may be so applied as not only to defy the art and ingenuity of the most skilfol 
workman, but to render the utmost force ineffectual, and thereby to secure what is 
most valued §b well from disbonStt servants as from the midnight ruffian, I think 
myself at liberty to declare (what nothing bat the discovery of an infallible remedy 
would justify my disclosing) that all dependence on the inviolable security of locks, 
even of those which are constructed on the best principle of any in general use, is 
fallacious.** He then proceeds to demonstrate the imperfections of ordinary looks 
and to describe his own. 

“ The body of a Jfctmiah look may be considered as formed of two concentric brass 
barrels, the outer one fixed, and the inne.* rotating within it. The inner barrel has 
a projecting stud, which, while the barrel is rotating, comes in contact with the bolt 
in such a way as to shoot or lock it ? and thus the stud serves the same purpose as 
the hit of an ordinary key, rendering the construction of a bit to the Bramah key 
unnecessary. If the barrel can be made to rotate to the right or left, the bolt can be 
locked or unlocked, and the problem is, therefore, how to insure the rotation of the 
barrel. The key, which has a pipe or hollow shaft, is inserted in the keyhole upon 
the pin, and is then turned round; but there most be a nice adjustment of the me- 
chanism of the barrel before this turning round of the key and the barrel can be in- 
sured. The barrel has an external grtove at right angles to the axis, penetrating to 
a certain depth; and it has also several internal longitodiual grooves from end to 
end. In these internal moves thin pieces of sfeel are able to slide, in a direction 
panfflel with the axis of the barrel. A thin plate of steel called the locking plate, is 
screwed in two portions to the outer barrel, concentric with the inner barrel ; and at 
the same time occupying the external circular groove of the inner barrel ; this plate 
has notches, fitted in number and sise to receive the edges of the slides which work in 
the internal longitudinal grooves of the barrel If this were all, the barrel could not 
revolve, because the slides are catching in the grooves of the locking plate ; but each 
slide has also a groove, corresponding in depth to the extent of this entanglement ; and 
if this groove be brought to the plane of the locking plate, the barrel can be turned, 
so for as respects the individual slide. All the slides must, however, be so adjusted, 
that their grooves shall come to foe same plane ; but, as foe notch is cat at different 
points in foe lengths of foe several slides, foe slides have to be poshed in to different 
distances in foe barrel, in order that this juxtaposition of notches may be insured. 
This is effected by the key, which has notches or clefts at the end of the pipe equal in 
number to the slides, and made to fit foe ends of the slides when the key is in- 
serted ; foe kev presses Aeh slide, and pushes it so for as foe depth of its cleft will 
permit; and all these depths.are such that all foe slides are pushed to foe exact 
position where their notches ul lie in the sameplane ; this is foe plane of the locking 
plate, and foe barrel can be then turned.** {Tondinson on ike Construction qf Locks.) 
hi this work foe details on construction are given with great dearness. 

The American bank locks, especially that of Messrs. Day and NewaD, have ex- 
cited much attention. Their English patent describes it thus: — 

“ The otyect of foe present improvements is foe constructing of locks in such 
manner that the interior arrangements, or the combination of the internal movable 
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parti, may be changed at pleasure according to the form given to, or change made fa, 
the key, without the necessity of arranging the movable parts of the low by hand, 
or removing the lock or any part thereof from the door. In locks constructed on 
this plan the key may be altered at pleasue j and the act of looking^ or throwing out 
the bolt of the lock, produces the particular arr a ngements of the internal parts, 
which correspond to that of the key for the tyne being? While the same is locked, 
this farm Is retained until the lock it unlocked or the bolt withdrawn, upon which 
the internal movable pftti return to their original position, with reference to each 
other; bat these parte cannot bo made to assume or be brought back to their original 
position, except by a key of the precise form and dimensions as the key by which they 
were made to assume snob arrangement in the Set of locking. The key is change- 
able at pleasure, and the lock reoeives a special form .in the act of locking according 
to the key employed, and retains that farm until in the act of unlocking by£he same 
key it resumes its original or unlocked state. The lock is again changeable at plea- 
sure, simply by altering the arrangement of the movable bits of the key ; and the 
key may be changed to any one of the "forms within the number of permutations of 
which the parts are susceptible.” — April 15, 1851, 

Mr. Hobbs who has been«£anying out the manufacture of ^American lflbfa'- in this 
country has introduced an inexpensive lock, which he calls a protector lotk. The 
following description is borrowed from Mr. Charles Tomlinson'S Treatise on the 
Construction qf Locks : — 

44 When the American locks became known in England, "Mr. Hobbs undertook 
the superintendence of their manufacture, and their introduction into the commercial 
world. Snob a lock as that just described must necessarily be a, complex piece of 
mechanism ; it is intended far use in the doors of receptacles containing property of 
great value ; and the aim has been to baffle all the methods at present known of 
picking locks, by a combination of mechanism necessarily elaborate. Such a lock 
must of necessity be costly ; but in order to supply the demand for a sihall lock at 
moderate price, Mr. Hobbs has introduced what he colls a protector lock. This is a 
modification of the ordinary six-tumbler lock. It bears an affinity to the lock of 
Messrs. Day and New all, inasmuch as it is an attempt to introduce the same prin- 
ciple of security against picking, while avoiding the complexity of the changeable 
look. The distinction which Mr. Hobbs has made between aeouip and insecure locks 
will be understood from the following proposition, via. * that whenever the parts of 
a look which come in contact with the key are so affected by any pressure applied to 
the bolt, or to that portion of the lock by which the bolt is withdrawn, as to indicate 
the points of resistance to the withdrawal of the bolt, inch a lock con be picked.’ 
Fig. 1 147 exhibits the internal mechanism of this new patent lock. It contains the 
usual contrivances of tumblers and springs, with a key out into steps to suit the dif- 
ferent heights to which the tumblers most be raised. The key is shown separately 
in fiq. 1148. Bat there is a small additional piece of mechanism, in which the 
tumbler stump shown at s in figs. 1146 and 1 147 is attached ; which piece is intended to 
work under or behind the bolt of the lock. Is\ fig. 1147, b is the bolt ; ft is the front 
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or foremos t of the range of six tumblers, each of which has the usual slot and notches. 
In other tumbler-looks the stomp or stud which moves along these slots is riveted to 
the bolt, fa such manner that, if any pressure be applied in an attempt to withdraw 
the bolt,Jhe stomp b eoomes p r esse d against the edges of the tumblers, and bites or 
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binds against them. How for their biting fecll ltet es the picking of a lock will be 
shown rarther on ; bat it will suffice here to say, that the movable action given to •: 
the stomp in the Hobbs lock transfers the pressure to another quarter. The stump « 
is riveted to a peculUfly-shaped piece of metal h p (fig. 1146), the hole in the centre . 
of which fits upon a centre or pm in a recess formed at the back of the bolt ; the 
piece moves easily on its cenfre, but in prevented from so doing spontaneously by a 
small binding spring. The mode in which this small movable piece takes part in the 
action of the loc^t is as follows: when the proper key is applied injhe usual way, the 
tumblers are all raised to the proper heights for allowing the Amp to pass hori- 
zontally through the gating; bat should were be an attempt made, either by a felse 
key or by any other instrument, to Withdraw the bolt before the tumblers are pro- 
perly raised, the stump becomes an obstacle. Meeting with an obstruction to its 
passage, jhe stump turns the piece to which it is attached on its centre, and moves the 
arm of the 'piece p so.that it shall come into contact with a stud riveted into the case 
of the lock i and in this position there is a fijgn resistance against the withdrawal of 
the bolt The tumblers are at the same moment released from the pressure of the 
stump. There is a dog or lever d, which catches into the top of the bolt, and 
thereby^eflres as an additional security against its being forced back. At k is the 
drill-pinSm which the pipe of the key works ; and r is a metal pieoe on which the 
tumblers rest when the key is not operating upon them. 

Another lock, patented by Mr. Hobbs in 1852, has for its object the absolute 
dosing of the key-hole during the process of locking. The key does not work or 
turn on its own centre, but occupies a small cell or chamber in a revolving cylinder, 
which is turned by a fixed handle. The bit of the movable key is entirely separable 
from the shaft or stem, into which it is screwed, and may be detached by turning 
round a small milled headed thumb-screw. The key is placed in the key-hole in 
the usual way, but it cannot turn p its circular movement round the stem as an axis 
is prevented T>y the internal mechanism of the lock ; it is left in the key-hole, and 
the stem is detached from it by unscrewing. By turning the handle, the key-bit, 
which is left in the chamber of the cylinder, is brought into contact with the works 
of the lock, so as to shoot and withdraw the bolt This revolution may take place 
whether the bit of the movable key occupy its little cell in the plate or not ; only 
with this difference -j r that if the bit bo not in the lock, the plate revolves without 
acting upon any of the tumblers ; but if *he bit be in its place, it raises the tumblers 
in the proper way for shooting or withdrawing the bolt. It will be understood that 
there is only one key-hole, namely, that through which the divisible key is in- 
serted ; the other handle or fixed key working through a hole in the cover of the 
lock only just large enough to receive it, and not being removable from the lode. 
As soon- as the plate turns round so for as to enable the key-bit to act upon the 
tumblers, the key-hole becomes entirely closed by the plate itself, so that the actual 
locking is effected at the very time when all access to the interior through the key • 
hole is cut off, When the bolt has been shot, the plate comes round to its original 
position, it uncovers the key -hole, and ^exhibits the key- bit occupying the little cell 
into which it had been dropped ; the stem is then to'be screwed into the bit, and the 
latter withdrawn. It is one consequence of this*tarrangement, that the key has 4o be 
screwed and unscrewed when used ; but through this arrangement the keyhole 
becomes a sealed book to one who has not the right key. Nothing can be moved, 
provided the bit and stem of the key be both left m ; but by leaving in the lock the 
former without the latter, the plate can rotate, the tumblers can be lifted, and the 
bolt can be shot 

LOCOMOTIVE ENGINES. The 'character of this work excludes any special 
notice of a subject so entirely belonging to a work on Mechanical Engineering, as 
that of locomotive engines. Nevertheless, since so much has lately been said and 
written on the question of employing coal on our railways instead of coke, we 
are induced to introduce the following arrangement, which secures combustion 
without smoke. It is known as Dnmery’s plan. The annexed drawing, fig. 1 149, 
is a section of a locomotive engine, used on the Chalons Railway. The coal is 
thrown into the side pipes ▲ b, which open below the platform on whieh foe engine- 
man stands. These pipes conduct the coal by their own gravity to foe lower level 
of the bars, where they are thrust in foe direction of foe arrows o d, by a kind of 
comb, or rotating pin, which in its rotation around foe axle x, forces the coal to 
ascend foe incline forward by the bars. 

This then takes place, the coal in its rude state («. #. as it comes from the pit) 
coming from below, finds itself immediately in contact with foe fire, whieh induces 
an escape of foe gases, and with the pure air which permits their combustion to take 
flaee in foe only condition in which it is possible, i. c. in small jets, which facilitate 
foe complete oxygenation of all the parts. 
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The gases once produced end burnt, the rest of the operation acareel vneedsex- 
ilanation. The ooal is converted into coke, and finishes its passage while homing 
mder this forms and as the re- 
nainder of the solids, cinders and 
ilag(or clinkers), are not abandoned 
>y the fin until after all that it 
contains of a combustible nature 
sas disappeared, all me detritus 
refase) and dnsC cinders, ashes, 
ko. are deposited on the surface 
•am net) of the bars in the centre 
if the fire, where they would offer 
an obstruction similar to that found 
in ordinary fire-places, if the in- 
ventor had not taken care to make 
the ban oscillate from the centre 
by a small movement Thus, when 
a drop of slag approaches 
it is displaced and thrown out 
(by the opening of the ban) in 
small particles. This accessory 
arrangement apparently possesses 
neat advantages for a locomotive 
in saving the trouble of senping 
and cleaning the ban. 

So if, as in an ordinary fire, coke 
or anthracite, dee., be burnt the 
combustion would be very complete. 

Air fresh from the ash-pan, in 
passing over the combustible, would 
be converted into carbonic acid, ue. 
into a gas which ia unfit for farther 
combustion. Bat if in the place of 
coke or - anthracite, &c. we use 
smoke-producing ooal, u e. com- 
posed of two elements, one solid, the other gaseous, this result follows. The combus- 
tible gases disengaging themselves (in this case above the combustible) in a state of 
ignition, the air which will become vitiated in traversing the first bed of the solid 
combustible, will be fonnd nnable to effect the combustion of the gases which escape 
above the fire, and smoke will make its appearance i e. the combustion will be in- 
complete and imperfect. This ia what takes place with combustion of coal in ordinary 
fire-places. 

. There are also other causes which con tribute^ the imperfection of this result. These 
gases in disengaging themselves do not always acquire a temperature sufficiently high 
to produce flame, and the volume of combustible gas is almost always too considerable 
to allow of its being sufficiently penetrated with oxygen. These are some of tfle ra- 
dical vioea which M. Dumdry baa removed in thus placing the gases at once in the 
condition beat suited for their combustion. - This process is admirable, since, without 
any preparation, it allows of coal being burnt with as much facility as coke, and 
saves the great expense of converting ooal into coke. 

LOCUST TREE. A North American tree, the JRaHnnia peeudaeacia. “ It grows 
most abundantly in the southern States * but it is pretty generally difiused through 
the whole country. It sometimes exceeds four fee t in diameter and seventy feet 
in height The locust is one of the very few trees planted by the Americans.” — 
Stevenson's Civil Engineering of North America. Thu wood ia much used for ships' 
tree-nails, and is employed for stakes and pales. 

LODE (a mining term > A mineral lode, or a mineral vein, is the name given to 
a fissure in the crust of the earth which has been filled in with metalliferous matter. 
The miner gives the tame name lode to a fissure filled with quarts, carbonate of lime, 
&e n hat then he lays the lode is not “ mineralised," confining the word mineral to 
metalliferous matter. t 

The term vein has frequently led to the idea that it expreoes the condition of 
something analogous to the blood vemels of the animal body, to wliich a lode has not 
in the remotest degree, any Tosemlflanoc. During some primary convulsions, the 
crust of the earth has been cracked, these fissure* having, of course, some special re-r 
lation to the direotion of the three which produced them. These cracks have daring 
ages of submergence been filled in, according to some law of polarity with mineral 
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matter, the character of the lode having generally some special relation to Hi direc- 
tion. Sec Mnmra, ft c. 

LOGWOOD (Bets d*Gamplche,Bois bleu, Yr.i Blaukols, Germ.) is the wood of 
the Hdematoxyton Camp e emannm, a entire tree of Central America, grown in Jamaica 
since 1715. It was first introdnoed into England in the reign of Elisabeth, bnt ai it 
afforded to the nnakilfol dyerflof her tigie a fugitive colour, 8 was not only prohibited 
from being used, under sere w pe n al t i e s, but was ordered to be Jrarned wherever found, 
by a law passed in the 23rd year of her reign. The same pngudiu existed, and the 
same law was enAted against indigo. At length, after a century of absurd prohibition, 
these two most valuable tinctorial matters, by which all our hats, and the greater part 
of our woollen cloths, are dyed, wer#allowed to be used. The logwood trees grow 
from 40 to 50 fret high, the stems are cut into logs of about 3 feet long; the bark and 
white sap (alburnum) of which are chipped aS, the heart or red part only being sent 
to England.** Chevrenl gave the constituents of logwood as volatile oil, hamatin , resin- 
out matter, tannin, glutinous matter , acetic acid. Bind nr salts of lime, with alumina, silica, 
manganese, and iron. The decoction of logwood is of a deep dull red, which is rendered 
paler and of a brighter colour by acids. Alkalies give it a purplish or violet colour. 
Acetate of land causes u blue, alum a violet pretipittfMtthe salts of iron make it a 
dark videt blue, gelatine forming a reddish precipitate with it 

Old wood, with black bark and with little of the white alburnum, ia preferred. 
Logwood is denser than water, specific gravity, 1*057, very hard, of a fine compact 
gram, and almost indestructible by the atmospheric elements} it has a sweet and 
astringent taste, and a peculiar but inoffensive smell, and will take a fine polish. 

When chipped logwood is for some time exposed to the air, it loses a portion of its 
dyeing power. Its decoction absorbs the oxygen of the atmosphere, and then acquires 
the property of precipitating with gelatine, which it had not before. The dry extract 
of logwood, made from an old deception, affords only a fugitive colour. 

For its applications in dyeing, sec Black Drs ; Calico Priotiko j Dtedto ; Hat 
Dtexmo, ftc. 


Imports of Logwood. 



18G3. 



1864. 


Toni. 

Computed 
reel value. 

Tom. 

Computed 
real value. 

Hayti and S. Domingo - 
United States: North Atlantic ports - 
Mexico ------ 

New Granada - 
British West India Islands 

Belixe (Honduras) - - - -• 

Other parts 

3,554 

8,880 

1,148 

450 

16,573 

6,919 

880 

£16,577 

63,924 

11,025 

4,971 

75,970 

86,021 

4,693 

2,245 

6,933 

1,750 

20,954 

8,675 

1,068 

£9,310 

49,434 

16,017 

85,978 

41,370 

5,134 

TtM. 

38,404 

213,181 

41,625 

207,243 


LOOKING GLASS. See Mirror* 

LOOM (Mitier & tutor, Fr.; WeberstuM, Germ.) is the ancient and well-known 
machine for weaving doth by the decussation of a series of panlld threads, which 
run lengthwise, called the warp or chain, with other threads thrown transversely with 
the shnttle, called the woof or weft See Jacquard Loom and Wxaviro. 

LUBRICANTS. Oleaginous or flatty bodies employed for the purpose of reducing 
the friction between two parts of a machine or caniage. 

LUBRICATING OIL. This name has recently been specially given to an oil or 
grease prepared from the mineral naphthas. It ought to have a specific gravity 
varying from 0*920 to 0*950, and to possess but a very slight odour. Although ft 
contains paraffine, yet it ought not to deposit any when oooled to 2° centigrade. 

LUBRICATION. The lubrication of fbe wheel and axle of railway carriages is 
effected by a kind of soap : tf combination of cocoa-nut oil or palm-oil, or ordinary fete, 
with soda being the “ grease ” with which the boxes are filled. The heat produced 
by the friction melts the grease, and it flows out upon the parte in motion through an 
opening in the bottom ot the box. Heavy machinery, such as pumping engines, 
require tenacious bodies as their lubricants, while the finer parte must be ctirafally 
oiled with oils as free as possible from any of the fluty adds. Spinning machinery 
fop example, must be lubricated with the finest oils, or, as it is found to be still better, 
with those peculiar hydro-carbon compounds, as paraffine, glycerine; and the like. 
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The ttnriag is a simple sad effloaoioue plan of lubricating tbe joints and bearings 
* of machineryby capillary attraction, tbe invention of Edward Woolsty, Esq. i — 

Fig. 1160 represents a tin etxp, which has a small tin tabs a, which p as s e s through 


f the bottom, as shown by 
the dotted lines. It may 
hart a tin cover to keep 
out the dost. r 

Fig . 1161 is a pjan o£ 
the same. 

Fig. 11 53 is a section of 
the same. Oil is poured 
into the cap, the one end 
of a worsted or cotton 
thread is dipped into the 
oil, and the other end 



passed through the tube. 

The capillary attrac- 
tion causes the oil to 
ascend and pass over the 
orifioe of the tnhe,whence 
it gradually desce nd s, and 
drops slower or quicker 
according to the length 
of the thread or its thick- 
ness, until every particle 
of oil is drawn over by 
this capillary siphon. 
The tube is intended to 
be pot into the bearings 
of shafts, &c., and is made 
of any sise that may be 
wished. If oil, or ofher 
liquids, is desired to be 
dropped upon a grind- 
stone or other surface, 



this cap oaa have a handle to it, or be hung from the ceiling. 

Fig. 1153. It is frequently required to stop the capillary action when the machinery 
is not going ; and this has been effected by means of a tightening screw, which passes 
through a screw boss in the cover of the cup, and presses against the internal orifice 
of the tube, preventing the oil from passing. 

Fig. 1 154. As when these screw cups are used upon beams of engines and moving 
bearings, the screw is apt to be tightened by the motion ; and also, as the action 
of the screw is uncertain, from the workman neglecting to screw it down sufficiently, 
it answers best to take out the capillary thread when the lubrication is not required; 
and to effect this easily, a tin top is^fixed to the cup, with a round pipe soldered to its 
this pipe has a slit in it, like a pencil case, and allows a bolt n to slide easi^> In 
fig. 1155 the bolt is down ; in fig. 1 156 the bolt, which is a piece of brass wire, is drawn 
up, and thus the flowing of the oil is checked. In fig. 1156 it will be observed, that 
the holt is kept in its place by its head c, resting in a lateral dit in the pipe, and it 
cannot be drawn out on account of the pin s. One end of the thread is fastened to 
the eye hole at the bottom of the holt, and the other end is tied to a small wire which 
crosses the lower orifice of the tube at n, and which is shown in plan fly. 1167. 

Thus saving by this plan, instead of pouring oil into the bearings, is 2 gallons out 
of 3, while the bearings are better oiled. 

The saving in labour is considerable where there are many joints to keep oiled 
three or four times a day ; and the workman does not, with this apparatus, run the 
risk of being caught by the machinery. To tie on the cotton or worsted thread, pass 
a long thread through the eye-hole a of the holt, and then draw the two ends through 
the tube by a fine wire with a hook to it, one end on one side of the cross wire d, 
and the other end on the other tide. Then put the oarer on, and the bolt in the 
position shown in fig. 1156 s when by drawing the two ends of the thread, and tying 
them across tbe wire n, you have tbe exact length "required. When you with to see 
the quantity of o4 remaining in the lubricator, the bolt must be dropped as in fig. 1155, 
and yon can then lift the cover a little way off; without breaking the thread, and re- 
■ ptenlsh with oiL The figures in the woodcuts are one thirdof the foil sise. 

LUCIFER MATCHER Hie imp(fftaiM» (ff this manufoctnre has been rittwn Ay 
Mr. Tomlinson in a communication made by that gentleman to the journal of Urn 


Society of Arts. 
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M It hu been estAted," he says, u that the English and French manufacturers 
of phosphorus err now producing at the rate of 800,000 lbe. of common phoephorne 
per annum, nearly the whole of which if con turned in making lncifar wntohft . i Q 
compounding the emulsion for tipping the matches, the German msnnfaetnrers 
three pounds of phosphorus mffice fbr fire or six millions of matches. If we suppose 
only one half of the French and English annual product of phosphorus to be em- 
ployed in making matches, this will give us 850,000, 000,000*f matches as the annual 
product eonseqgBnt on the consumption of one half of the Frenehgmd English phos- 
phorus. We need not suppose this to be an exaggerated statement, when we consider 
the daily product of some of our mgtch manufactories. I lately had occasion to de- 
scribe the proc es s e s of a London factory, which produces 8,500,000 matches daily. 
For this purpose, 14 8-inch planks are cut up ; each plank produces 80 blocks ; each 
block, o4the dimensions of 11 inches long, inches wide, and 8 inches thick, pro- 
duces lOO^Uioes, each slice 81 splints, each splint 8 matches : thus wc have— 
14 x 30 x 100 x 31 x 8 « 8,604,000 matches a% the day's work of a single factory in 
London. At Messrs. Dixon’s factory near Manchester^ from 6,000,000 to 9,000,000 
of matches are produced daily." — Tomlinson. 

For dfe fkpid manufacture of the wooden spluffMrfhcifer matches, a patent was 
obtained* by Mr. Reuben Partridge, in March, 1848. He employs a perforated 
metallic plate, haring a steel face, strengthened by a bell metal hack j see Jigs. 1158, 
1159. The sise of the perforations must depend on that of the desired splints, but they 
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must be as dose together as posable, that there may be a rery small blank apace be- 
tween them, otherwise the plate would afford too great resistance to the passage of the 
wood. By this construction, the whole area of the block of wood may be com- 
pressed laterally into the countersunk openings, and forced through the boles, which 
are slightly countersunk to favour the entranoe and separation of the wooden fibres. 
Fig. 1158 represents the face of one of these plates ; and fig. 1159 is a rectangular section 
through the plate. A oonvenient siae of plate is three Inches broad, six inches long, 
and one thick. The mode of pressing is by fixing the back of the [date against a firm 
resisting block or bearing, having an aperture equal to the area of the perforations 
in the plate, and then placing the end of the piece or pieces of wood in the direction 
of the grain against the face of the plate within the area of the perforated portion. A 
plunger or lever or other suitable mechanical agent being then applied to the back or 
reverse end of the piece of good, it may be forced through the perforations in the plate, 
being .first split as it advmoes by die cutting edges of the holes, and afterwards .com- 
pressed and driven through the perforations in the plate, ooming out on the opposite 
side or bade of the plate m die form of a multitude of distinct splints, agreeably to the 
shapes and dimensions of the perforations. — Norton's Journal, G. & roL xxii. 868. 

Masntfaeturu gf Luctfmr *.— The first stage in the manufacture of ludfars is the 
tatting the wood, which is done, according to the extent of the manufactory, either by • 
m by machinery. This, a* wdl as the subsequent process of counting and placing 
ike matches in frames, la in itself necessarily free from any inconvenience or era 
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eontequenees % nor does it appear that the third stage, which cons is ts of melting the 
sulphur and dipping the heads of the matches in it, produces any inconvenience. 
The fourth, fifth, sixth, and serenth stages comprise die grinding, mollering and mix- 
f ing of the explodes compound; the process of dipping the matches in it, the oonnting 
aid boxing. The dipping, oonnting, and packing, appeq? to be, according to Mr. Geist, 
the only departments m which the workpeople are in any way affected with peculiar 
complaints j we would etjn limit the appearance of the jaw disease to those engaged in 
dipping ; at least a&that we have examined on the subject were nnanintpui as to the fact 
that dippers only were attacked. There is a certain degree of secrecy observed relative 
to the proportions of the composition ; and thg mixture of the materials is gene- 
rally performed by the pro p rietor of the manufactory, or by a co nfident ia l workman. 
Chlorate of potash is considered an essential ingredient in England ; but in the manu- 
factories at Ndmberg it has not been employed for a number of years, asi£s<explosive 
properties much endangered the safety of the buildings and the Umbo of tfie workmen. 

The com position used in N&rnbergT/oonsists of one-third of phosphorus, of gum 
arable (which is eschewed by . EngUih manufacturers on account of its hygrometrio 
property), of water, and of colouring. w4tter, for which either minium or Prussian bine 
is employed. If ignition be ret ired without a flame, the quantity of pnofphorus is 
diminished, or nitrate of lead is added. The mixing is conducted in a water-oath ; and 
during this process, and as long as the phosphorus is being ground or “mullered,” 
copious fames are evolved. The dipping is performed in the following manner : — The 
melted composition is spread upon a board cohered with cloth or leather, and the work- 
man dips the two ends of the matches alternately that are fixed in the frame ; and as 
this is done with great rapidity, the disengagement of famei if Tery considerable, and 
the more liable to be injurious, as they are evolved in a very concentrated form close 
to the face of the workman. This department is generally left to a single workman ; 
and the average number that he can dip in an hour, Supposing each fram^to hold 8,000 
matches, would be 1,000,000. 

As the matches have been dipped, they require to be dried. This is generally 
done in the room in which the former process is carried on ; and as a temperature of 
from 80° to 90° Fahr. is necessary, the greatest quantity of fames is evolved at this, 
stage. When the matches are dried, the frames are removed from the drying room, 
and the lncifers are now ready to be counted out into boxes. Us this is done with 
great rapidity, they frequently take fire, and, although instantly extinguished in the 
sawdust or the water winch is at hand, the occurrence gives rise to an additional and 
frequent evolution of fames. 

According to Dr. R. Boettger, in Annate n der Chemie und Pharmacies voL xlviL 
p. 884, the best composition for lucifer matches is 

Phosphorus - - - 4 parts I Red ochre, or red lead 5 parts 

Nitre -10 n Smalt - - 2 n 

Fine glue - 6 „ f 


Convert the gine with a little water by a gentle heat into a smooth jelly, pat it into a 
slightly warm porcelain mortar to liquefy ; rub the phosphorus down through this gela- 
tine at a temperature of about 140° dir 150° Fahr. ; add the nitre, then the red powder, 
and lastly the smalt, till the whole forms a uniform paste. To make writing-paper 
matches, which born with a bright flame and diffuse an agreeable odour, moisten each 
side of the paper with tincture of bensoin, dry it, cat it into dips, and smear one of 
their ends with a little of the above paste by means of a hair pencil. On nibbing the 
said end after it is dry against a rough surface the paper will take fire, without the 
intervention of sulphur. 

To form lucifer wood matches, that act without sulphur, melt in a flat-bottomed 
tin pan as much white wax as will stand one-tenth of an inch deepi take a bundle of 
wooden matches free from resin, rub their ends against a red-hot iron plate till the wood 
be slightly charred} dip them now in the melted wax for a moment, ahake them well 
on taking them oat, and finally dip them separately in the above visoid paste. When 
dry, they will kindle readily by friction. 

A 44 Sqfety Lucifer Match," as it is called, has been manufactured in Sweden and 
by Bottger in Germany. A patent was obtained in this country by Messrs. Bryant 
and May, for this match. Its peculiarity consists in thw division of the combustible 
ingredients of the lucifer between the match and the friction paper. In the ordinary 
lndfer, the phosphorus, sulphur, and ehlorate of pofath or nitre, are all together on 
the match, which ignites when nibbed against any rough substance. In the Swedish 
matches these materials are so divided that the phosphorus is placed on the sand- 
paper, whilst the sulphur and a minimum amount of ehlorate or nitrate of potash la 
placed on the match. In virtue df this arrangement H Is only when the phosphoorlmd 
sand-paper and the snl p h nr iaed match come in oontaet with eaoh other that the 
ignition oeeurs. - Neither match nor sand-paper, singly, takes fire by moderate 
motion against § rough surface, 
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The compoaition oflueifer matches varies greatly, as It regards (he proportions of 
the materials employed. In principle they are, however, as we have described then? 
above.} eveiything depending on the ignition of the phosphorus, and the perfection of a 
loeifer match is in tipping the match with a compositn which will ignite quietly upoz? 
attrition against any rough |prface, but which is not liable, to ignition by such pres- 
sure as it may be subjected to under tie ordinary condition of keeping in closed boxes. 

The preparation of lucifer matches has been attended with much human suffering, 
Every person engaged in a fectory of this kind is more or less qyposed to the femes 
of phosphorus, and this exposure produces a disease which has been thus described by 
Mr. Harrison, in the Quarterly Jmpal of Medical Science,—" This disease,** he says, 

“ is of so insidious a nature that it la at first supposed to he oommon toothache, and a 
most serious disease of the jaw is produced before the patient is felly aware of his con- 
dition. • IJe disease gradually creeps on, until the sufferer becomes a miserable and 
loathsome object, spending the best period of his life in the wards of a public hospital. 
Many patients have died of the disease ; maiV, unable to open their jaws, have lingered 
with carious and necrosed bones ; others Jmve suffered drcadfel mutilations from 
surgical operations, considering themselves h^nytoescapc with the loss of the greater 
portiof < or the lower jaw.'* 

By the introduction of an amorphous phosphorus discovered by M. SchrStter, which 
is in nearly all respects unlike the ordinary phosphorus, but which answers exceed- 
ingly well for the manufacture of lucifer matches, this disease is prevented, the manu- 
factory is rendered more healthy, and the boxes of matches thonseWes leu dangerous. 

Lucifer matches are now manufectured without sulphur. Letchfbrd employs paraffine 
or paraffine oil for saturating the wood, these ignite rapidly, and bum regularly with 
little or no smelL Notice and approbation are due to the persevering efforts which, 
have been made to produce fricrion matches, containing neither ordinary nor amor- 
phous phosphorus. WiederholcPhas proved that lucifer matches of good quality may 
be made with chlorate of potassium and hyposulphite of lead ; a result which may 
prove most valuable, should experience show it to be attainable on the industrial 
scale. See Phosphorus. 


Import « of Lucifer Matches. 
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LUMACHELLE, or Fire Marble. This is a dark brown shelly marble, having 
brilliant fire or chatoyant reflections Atom within.— See Marble. 

LUNAR CAUSTIC. A name for nitrates of silver, when fesed and run into 

cygdri^mralds. ^ |ubctaxiCQ ^ a gummy appearance, so named by M. Cosaola, 

because it waB obtained from Lupines. — C. G. W. . , . . 

LUPULINE, from Humubu Lupubui is the peculiar bitter aromatic principle of 

^LUSTrSg? sometimes spelled and pronounced Lutestring ; a peculiar Aining silk. 

LUTE (from fcftcm, day ; Lut, Ft.-, Kitte, BetchlSge , Germ.) fa a 
matter employed to dose the joint* of chemical apparatiu, or to 1 Sf^nrfLf 

protect them from the direct action of flame. Lutes differ 

the vapours which they are destined to confine, and the degree of heat which they are 
*° t* meal, made into a soft plastic dough 


heat It becomes strongp when the meal is kneaded with milk, lime-water, or sola- 

«ow withwie potter's day, tiU It acouire ihe proper conscience, » 

Into isfcnned which does not readily creek or seal. ett 
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4. Lute, consisting of a strong solution of glue kneaded fat© a docgh with new 
v-slaked lime, is a powerfol cement, end with the addition of white of egg forms foe 
1st <f ant a composition adapt'd to mend broken ▼ends of porcelain andstone-ware- 


1 to mend broken vessels of porcelain i 

c 5. Skim-milk cheese, boiled for some time in water, and then triturated into paste 
with fresh-slaked lime, forms also a good lute. 

6. Cabined gypsum, diffused through milk, ablution of glue, or starch, is a valuable 
lute in many cases. 

7. A fate made iRth linseed, melted caoutchouc, and pipe-clay, in c orpor ate d into a 
smooth dough, may ne kept long soft when covered in a cellar, and serves admirably 
to confine acid vapours. As it does not harden, i£ may therefore be applied and taken 
off as often as we please. 

8. Caoutchouc itself, after being melted fa a spoon, may be advantageously used for 
securing Joints against chlorine and acid vapours, in emergencies when nqfofag else 
would be effectual, or we may use 1 pari of caoutchouc dissolved in two parts of hot 
linseed-oil, and worked np with pipe-olaj^(3 parts) into a plastic mass. It bears the 
heat at which sulphuric acid boils. 


9. The best lute for jo 
a mixture of fresh fire-clay, i 


r cTOciblegfmverted into eaeh other, is a dough made with 

„ , jBSs&cXSa: fire-bricks, worked witfe water. T&atMement, 

if made with solution of borax, answers still better, upon some occasions, as it becomes 
a compact vitreous mass fa foe fire. 

LUTEOLINE, is foe colouring principle of foe weld ( Reseda lutsola), a slender 
plant growing to foe height of about three feet, and cultivated for foe use of dyers. 
When ripe it is out and dried. 

Chevreul was the first to separate the luteoline j it is extracted from the weld by 
boiling water, and when this solution is concentrated and allowed to oool, the 
luteolme separates j it is then collected, dried, and submitted to sublimation, when 
it is condensed in yellow needles- © 

It is valued for its durability, and is used as a yellow dye, on eottons°principally, 
and also on silks, bnt is little used at present It was formerly used by paper-hanging 
manufacturers, to form a yellow pigment, but has been entirely superseded for that 
purpose, by quercitron bark and Persian, berries . It unites with acids and alkalies, foe 
former making the colour paler, and the latter heightening the colour. The compound 
which it forms with potash is of a golden colour, becoming green^h when exposed to 
foe air, by absorption of oxygen, and at length becomes rad. 

It forms yellow com pounds with alum, protoohloride of tin, and acetate of lead ; 
with foe salts of iron it produces a blackish grey precipitate, and with sulphate of 
copper a greenish brown precipitate. 

It is readily soluble in alcohol and ether, bnt sparingly so fa water. — H. K. B. 

LUTJRIHE, C M H*N. A volatile nitryle base, discovered by Anderson m 
bone oiL It has also been found fa shale naphtha, coal naphtha, and in erode 
chinolme. — C. G. W. 


LYCOPODIUM CLAVATUM. The seeds of the lycopodium ripen fa Sep- 
tember. They are employed, on account of their great combustibility, in theatres, to 
imitate the sudden flash of lightning, by throwing a quantity of them from a powder 
puf£ or bellows, across the flame of a 6andle. 

LYDIAN STONE, Touchstone^ or Basanite. A flinty variety of jasper, useAm 
account of its hardness, fine texture, and velvet black colour, for trying foe purity of 
the precious metals. The amount of alloy is indicated by the colour loft on foe stone 
after the metal has been nibbed across it 

LYNX. — An animal producing a favourite for of a greyish white, with dark spots. 
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T HE progress of sdenoe and general Knowledge during the twenty-four yean which 
have elapsed since the publication of the first edition of The Dictionary of Science, 
Literature, and Art* has made it impracticable any longer to render that work a fit 
representative of existing knowledge, by mere corrections and supplements. It has, 
therefore, been considered advisable to re-write or re-edit it throughout, and thus 
to make it an entirely new work. It was the original plan of the Editor to associate 
with himself writers of admitted competence in the venous subjects treated of in the 
work, and the same system has been followed in the new edition now in comae of 
publication. It is believed that the names of the gentlemen who have contributed to 
this new edition form a sufficient guffiantee that the Editors’ efforts to render this 
work a trustworthy source of information haie in no way relaxed, and that the book 
ma^ therefore be consulted with confidence by all who wish to make themselves 
acquainted with the printiplee of each particular sdenoe, with the details and histoiy 
of many, and with the main foots of the multifarious subjects with which it is neoes- 
sary, at the present day, for all intelligent persons to have some acquain t a n ce. 

The plan of the fourth edition diffiars slightly from that of the former ones, but it 
is more in aooordanoe with the idea on which the Dictionary was originally planned, 
and which was ex pre s se d in the name at first designed for the work. The intention 
of the Editor was to call it a ‘ Dictionary of Scientific Terms,’ and to limit its con- 
tents to a brief explanation of an exhaustive list of Scientific words \ but after mstato 
consideration it was thought desirable, in carrying the design into execution, to Aftnit 
the number of words included in the Dietionaxy, and by exteniing the length of par- 
tioular articles to make it a readable book, rather than a mere won of reftrenoe. In 
the present edition it has been the object of the Editors, while retaining the readable 
char acter of the work^ to diminish the extreme length of tome of the artieleaand to 
jnfir psso their number j but the total quantity of matter contained in fho lf&w Edition 
is considerably increased. It#has been found that, in many hiuoahes qf Setae* end 
tipectaUy in Kathamatio*, Physio*, Otology, Unsnlogjr, and Botany,' omimkp 
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J0i terms mr in oommon use, whieh are requisite for students 
what Irttlpned the utility of thewbrk. .4 large mimber of bow article* haye titmbse 
Igen a&di&in the roeeent edition, and the whole has been brought, as tibsdgfas 
poasflbtst «p to' the present time. It is not pretended, and indeed it. wtHridheim- 
possible, to include all the terms employed in any branch t>f soienoe, but it kbettsved • 
that the omissions ace few and unimportant, and that, practically, a sufficient ntnnber 
are to meet the requirement* of the general reader and the non-professional 

student The nomas of historical criticism, and of the Sciences d) Comparative 
Philology and .Mythology, has rendered it necessary to re-write the articles which 
treated of these subjects, and to add many new ofies. In assigning derivations, the 
Xditort have sought chiefly to avoid guess-work; but the principles whttti have 
guided them in this part of their task are given in detail in the general pvefacg to the 
work. 

A larger and move legible type has beervadoptsd than that of the previous editions; 
but although the slae of the frork has bee i thereby, and by the large aoaretion of new 
matter, extended to three volumes. the jft,ioe is not increased. 
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